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vforen31c scientist has been remarkably slow 1n utilizing these flndlngs and
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INTRODUCTION..

i

The first suggestlon that hnman belngs could be dlffer

* , J

in 1900 when Karl Landstelner dlscovered the first knOWn

entiated by means
of their bloodfcame

blood types. Since that time, genet1c1sts have made major contrlbutlons to

A

our knowledge of the 1nd1v1duallzlng characteristics of fresh blood and to

our technlques of blood analysis. These momentous dlscoverles were qulcxly

put to use in the field of clinical medicine, and methodoloey was standard-

ized for routlne blood analysis in the clinical laboratory However, the

a%aptlng this methodology to the needs of the crime laboratory.

:
The Natlonal Instltute of Law Enforcement and Criminal Justlce, Law ‘ ﬂ

Enforcement AssLStance Admlnlstratlon (LBAA) has undertaken to raise the '

quallty and aVallablllty of foren51c serV1ces in this country. This agency

contracted with The Aerospace Corporatlon to assess ‘the state of the art of
foren51c blood analyszs for ldentlflcatlon purposes 1n the Unlted States, to

def;ge the problems to be overcome in increasing the use of blood analysis

technlques in crime laboratorles, and to;identifv promising approaches toward

3.

tbe‘solutlon~of these problems. ln‘April,>197u, The Aerospace Corpora%ion

issued a report (1) on its surVey and assessment of blood and bloodstain

'analy51s in Amerlcan crime laboratorles. Reference will again be made to the

r i
flndlngs and- recommendatwons of this Aerospace report

Havmng determlned some of the problems, The Aerospace Corporatlon,

sponsored by LEAA, undertook a program for the development of methodolog

S

gy

'and equ1pment for blood and bloodstain analys;s whlch would meet the partlcular

needs of the U S. crime laboratory. o

Lo o

g
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Iq(October of lS?S, The Aerospace Corporatioh published a sol;citation
for researdh and development sources for a blood analysis methodology.
Beckman Instruments Inc., Advanced Technology Operations (ATO) responded with
a LetterYof Interest,~stating that Beckman ATO, in cooperation with this
University laboratory, "offered unparalleled program capability in the
technologies aupropriate to the problem areds". In April of 1874, Beckman ATO
submltTed a proposal IBIsGdstain Anglysis PrS*Fam* ~to the Aerospace Corporatlon.
This proposal, written with the technical assistance of Dr. Benjamin W. Grunbaum
of the White Mountain Research Station (WMRS) of the University of Celifornia,
proposed that the development of methodology for the analysis of protein and
enzyme sy«tems in bloodsralns be carried out at the WMRS under a major |

i

subcontract with the Unlver51ty of California. Ultlmately the Aerospace )

contract was awarded, to Mason Research Institute. However, Aerospace Corpora- - Ve

1

" tion terminated all work on this project prior to the scheduled Feasibility

Verification Demonstration.

In June of 1976, The Aerospace Corporation issued a Statement of Work

for & Bloodstain AnalysisfSystem (2) with a subject request for proposal.
Again with the assistance of Dr, Grunbaum, Beckman respended with a

proposal for "An Blectrophdretic,Bloodstain Analysis Prozram“;= At the request

of The Aerospace CorpOration, this proposal was clarifiedl(Octoberv,1976)pto
specify that Dr. Grunbaum would/h/ key lnvestlgato/,;% ‘ubcontract with

tne University of Callfornla. Subsequently, The Aerospace Corporatlon awarded
Beckman a subcontractl to prov1de the necessary personnel, lservmces materlals,-

lfAerospace Subcontractkw-67854 to Beckman ATO. jﬁ{ . yyxgl

!T
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end faCllLtleS to complete the tasks and subtasks described in that Statement

of Work, Through a subcontract2 awarded to the Regents of the Un1versxty of

i

'Californle, WMRS entered into an agreement to give technical support in the

development of this Bloodstain Analysis System (BAS) with Dr, ‘Grunbaum and

, Professor/ﬁfllo Pace actlng as Co-Principal Investigators and Dr. drunbaum

: de31guated as Project Dipector for the University.

/‘ :!’

M?he technical requirements for the proposed BAS were inspired by the

n i

earl;er Aerospace survey (1) of the needs of American crime laboratories for

‘//

1mproved blood analySLS methodology. With the information available at the

tlne the University accepted the subcontract these technical requirements
seemed both iea51ble and je51rable. Furthermore, there was assurance that all
1nterested parties fully understood the nature of the research and deyZlopment
to be undertakena.‘ Theréd was reallstlc acoeptance of the fact that new data

and unexpected resultqlmlght/nece531tate modlflcatlon in the ba51c program

plan, and provmslons were made to implement such revisions "in g t”uciy ‘manner

A i

to preclude 1neff1c1ent use of manpover and unfavorable cost varlances

assoczated with such 1neff1ciencies."3 :
C ' d/ ~ iy :
' The work began_ln_January. 1977, and progressed w1th hlghly satlsfaetory
laboratory reaults. Understandlng and communlty of purpose was promoted in !
\‘, : (

large measure through the efforts and admlnlstratlve skllls of Mr. G. Roberts |

and R, Kennel of The Aerospace Corporatlon. ‘ o B :

2 Beokman Subcontract 2-847905~G to University of California,-WMRS S e
"10.1.1. Program Plan Revisions (SOW 5.1.1. )« It is probable that the\ {
Program Plan will require modification during the course of the investigation
as new data and unexpected results are obtained. The internal program review 3
process will guarantee the timely recognltlon of events and factors which .
mandate or make attractive revision &f -the” ‘basic Program Plan. As such circum-
stances are recognized, proposed revisions to the Program Plan will be submitted i
to the Aerospace Corporation for approval. These proposed revisions will be b
submitted to The Aerospace Corporation in a timely manner to preclude inefficient g

»use of manpower and unfavorable cost variances associated with such inefficiencies." |

. Beckman . lzggruments, Inc., ELECTROPHORETIC BLOODSTAIN ANALYSIS PROGRAM

on . i . : : - ;
el g . ’ !
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The U.C. subcontract did not require nor provide in the budgetifor

mendatlons. Nevertheless, through May of this year, there seemed to be a

and The Aerospace Corporatlon, and there seemed to be agreement in regard to
basic approaches. Frequent visits to the WMRS“by the Beckman Program Manager
and regular Program Review Meetings in Berkeley, including key personnel of
the three concerned organizations, seemed to provide opportunity for
adequate and accurate filow of Lnformatlon from this laboratory. The first
five Monthly Frogress Reports }from Beckman to The Aerospéce Corporatlon and
the minutes of the flrst three Program Review Meetlngss, prepared by Aerospace,

show- a reasonable accuracy and understanding concerning research-iﬁ;progress.

In June, the whole character of the contractual arrangement deteriorated

o 2EY perhaps only c01nc1dently when The Aerospace Corporatlon suddenly and without

explanatlon changed managemenk of this progect and a person new to QQQQSPE§F“

took over as Program Manag,;L‘

The first ev1dence of a serious failure in communlcatlon came

5N
- minutes of the fourth Program Rev*ew Meetlng sy June 20, 1977,

i

These mlnutes, prepareoruy the Aerosoace,Program Manager, report certain-

with the

ttresearch findings, conclu51ons, and "de0151ons" that are: reflected in nelther

' the May nor the June Progr“ss Reports from Beckman ATO. The PrOJECI .Dlrector -

{from WMRS was Tiot present at the fourth Program Revzew Meetlngrand the

et ¥

The 1ndlv1duals to

o

{Unlver31ty of California had no offlcmal representatlon.

yhom these remarks are attrlbuted Wwere not authorized to speak for the WMRS

# Appendix, Section C.

5 RN )
Appendlix,’ Section D.

o
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_the Project Director at WMRS.

» ended on September pa l§02>

a3

and their authority as decision-makers is not specified in any subcontract
or program plans. Dr. Grunbaum subsequently protested6 to Beckman ATO as to
both the impropriety and' inaccuracy of the observations and conclusions
reported in these minutes.‘ These comments were not acknowledged, nor were
the minutes changed as requested

(ﬂlsrepresentatlor nd m151nterpretation of laboratory results appeared
in subsequent Aerospace official minutes of Program Review Meetings. Requests
from the ProjectvDirector~to Beckman for revision of the exyors were not eftective.

: , \

Research findings and recommendations from this laboratory(were largely ignored.

In an effort to re—establish_communication with Beckman ATO and force a

" prealistic evaluation of vesearch results, the Project Director at WMRS

submitted three unsoltc;ted progress reports'7 to Beckman ATO, dated lO January

to 31 July 1877, l—Sl August 1877, and 1-30 September 1977. These reports
were not acknowledged, nor were their contents discussed and evaluated with
There is no indication that the contents of
these reports were made known to ThevAerospaee Corporatlon. The same informa-
tion. was reported at Program Review Meetings in August and October, 1977, but
was not reflected.in the minutes of the meetingss.

In spite of tnese difficulties, the developmental work in the WMRS laboratory

remained on schedule through the S%étems DefinitiOn’pha;E of the project, which

et

© APPENDIX, Section B. See letter to J. Walsh, 20 July 1977, and
memo - to J. Walsh 10 August 1977.

7 APPENDIX, Section A.

8'APPEND.T.X Section B, See letter to Jean Bordeaux, 24 October 1877;

'f‘letter to Dr. B. W. Grunbaum, 27 October 1977; letter to Jean Boreoeaux,
2 November 1977.
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On September 6, prior to receipt of the Progress Report™ from WMRS cover-
1n5 the work done in this laboratory during the month of August and without

10
consultatlon w1th the Project Dlrector»at WMRS a letter™ was sent from

-

Beckman ATO to WMRS, strongly and very specifically stlpulatlng the dlrectlon

of future effort at sy sﬁem development in this laboratory. Since the decision s

| wag~directly counterf%o the research findings and recommendations of the WMRS,

this laboratory had the choice,either of‘supporting an effort that appeared to
be a waste of Dubllc.funds, or to ask for release from'further obligation in
this development. It chose the latter course, and Beckman Instruments complled

by rewriting the subcontract to terminate developmental work in this laboratory

on November 15, 1977.

)

9 APPENDIX, Section A.

10 APPENDIX, Section B.

Letter to B. Grunbaum, September 6; 1977. ‘ﬁmﬁ
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BACKGROUND

In'l§74} when the Aerospace Report (1) was published, it became arparent
that relatiyely little bloodstain analysis was being done in leading American
crimevlaboratorles.

Aerpspace had contacted 26 crime laboratories in the United States and
‘one in Canada to determine their experience with blood analysis. Even among
leading laboratorles, the lmmunologlcal blood group typings were primarily
restricted to the ABO system. Relatively few laboratories were attempting
any MN and Rh group analysis or analysis for enzyme/protein systems., The
few laboratories attempting snch analyses did so in only a minimal number of
cases,

The Aerospace'Report concluded that several factors contribute to the

limited use of blood analysis in'

V.S, erime laboratories. These include

,‘l) lack of funds, 2) ii‘gfflclently large staffs,of'tralned foren51c

L‘

I
\;‘

serologists, 3) lack of”slmpl\, rapid methods of analyses, 4) unavallablllty

of antlsere of suffmcment quallty for bloods.ain analy51s, and 5) lack of }

: S There is every indication that this unfortunate low capablllty in dried

bloodstaln analysis in U.S. crime laboratories still exists today. LEAA

\

{
recently publlc1zed results of a federally-funded three—year project to test«

the " capabllltles of crime laboratories operated by federal, state, and locall
-

law enforcement agencles.ll- The release reported a wide range of error in

resppnse to tests including bloodstains. Only 40% of the laboratories tested

gave| correct answers on a bloodstain comparlson test. The others made

1ncomplete or inconclusive ansyers because they lacked the ablllty to perform

3

a9

mn
News“Release, Washington, D.C., 8 Aprll 1977.
the Porensxc Sciences Foundation for LEAA.

L

This study was conducted by

U.s. Department of Justlce Law Enforcement Assastance Admlnlstratlon :

el
N

[
1

SR T S ST e




5

E

=

‘“G%L

| .When there are other heavy demands upon the time, resources and available

~one conducted by The Aerospace Corﬂorafion and the other by the Foremsic

laboratories operate under the jurisdiction of a national police organization

R

Y.

“w : 8 : o
.

more“sovhisticated tests or made mistakest in the tests,

\

232 labpratories did any addltlonal grouping (Rh, MN, AK EAP, PGM, Hb, Hp,

Less than 25% of. the

Rheumat01d) beyond the. ABO: factor. Less than 18% attempted more than one

additional analysis, and less than é% attempted move than two analyses. o /

For several years prior to:the 1974 survey, LEAA and several forensic V b
societies attempted with little success to promote an increased use of - /
bloodstaln analysis in U.S. crime laboratorles by co-sponsorlng seminars and -y
workshops given by B, J. Culliford of the London Metropolitan Pollce Laboratory.

In 1971, LEAA published a volume (4) on'bloodstain methodology by Culliford //

which was widely distributed to American criminalists concerned with forensic /

serology. ' ’ .ﬂ , | S o /

¢ /
o : i
It is apparent from the results of both of the LEAA-sponsored surveys,/%

Sciences Foundation, that American criminalists have not‘aceepfed the Culliford

methodology. The Aerospage'Report“givesxsome reasons why this methodology has

not been adapted in this country's crime laboratories. The British crime

: y : ) . iy
and thus it i1s possible to centralize blood analysis work in a.few large

forensic centers. There a staff of serglogists are free to concentrate

solely in blood analysis work.

4
g

° In the United States, w;th a few exceptlons, most crlme laboratorles areL

v i J 0

small and are operated under a varleiy of local jurlsdlctlons. The volume of

cases~1nvo;v1ng blood and bloodstain evidence is relatively small, so there

is litstle justification to employ a specialist in serology. The American

criminalist must be ppepared to deal with a wide variety of physical evidence.

it Bt £ o RS

W

Ay

L)

5]
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{ S N © 1

personnel of a given laboratory, its dried bloqgetain anglfsis program may

Current methodology is t(leU\ and tlme-coneumlng, and
\;

consequently, U.B. criminalists are not

be very rudimentary.
il 1 S :

the results may be imprecise;

motivated to learn the necessary skills, request the necessary spec1allzed

«‘ 2

equlpment and supplies, and devote the necessiry work time to bloodstaln

h

analy81s.

The Aerospace Report, in its conclusions and recommendations, suggested

that, if the present system of small local U.S. crime laboratories is to be

continued,

severa dCLlODS are’ essentlal to promote more extensive bloodstain

ana;ysis; including "development of rapid and/or simultaneous electrophoretic

_ separation and identification of several selected enzyme/protein systems"lz.

This stated need has led to the current Aerospace BAS Program.
The majority of the electrophoretic separations of enzymes and protein

systems in forensic work are now performed on starch gel, with the exception
X . -

of ‘hemoglobin which is separated on cellulose acetate, and haptoglobin which
& N

iSusepanated on polyacrylamide gradient gel.

The gel methods require long
2

" run times, inconvenience, and possible error in the preparatlon of fresh

‘ substvat3 v prior to each run, and considerable technLcal skill in performance.

(\'\
The Amerlcan crlmlnallst has found that the exlstlng analytlcal methods are

tlme—consumlng and often yield ambiguous results.

o

' t'\‘
2 The Aerospace Corporation SURVEY AND

AS§I§SSMEN’f BLOCD AND BLOODSTAIN
ANALYSIS PROGRAM, Vol. I, p. 134, . et T

9
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. s ! “ OBJECTIVES
L ﬁThe overall objective of the BAS Project was the“development of methods,
proeedures, and reagents ﬁor*ep 1mproved,glectrophoret1c svstem of methodologles
i for’tne determlnatlon of enzyme,and proteln ;olymorphlsms. Procedures and
& instrumentation must be sultable for utlllzatloc by small crlmlnallstlc
) laboratories. Specifically, the objectlves of this program were as follows:
" o Reduce analyst skill requlrements.
- o Reduce analysis time,
© Reduce complexity in interpreting research results.
o Be applicable to old stains.

the Aerospace Statement of Work

< |
r\ c
2 C j } ¥

w

%
i
i

© Achieve discrimination probability of 1. out of 20‘0."’13

The technical requlrements for the BAS are spelled out in Annex C

|
i
i

i

e T

e The Aerospace Corporatlon,
L Analy51s System.

]

AR T

including those of the Metropolitan:Police Laboratory in London.

-

11

RESEARCH MANAéEMENTuTECHNICAL SUPPORT
The Program Plan stetes that "Beckman plans to subcontract with the
University of California, Berkeley, so that Dr. Grunbaum's talents can be
applied to satisfying the objectives of the proposed program". L4 It further
states that "Dr. Grunbaum will manage the work performed at the White
Mountain Research Station including the technical efforts of the Consultants".ls

Figure 16 shows the organizational structure for the BAS Project.

4

Consultants

At Dr, GrunbsUm's suggestion, the Beckman Proposal for a BAS included
technical support by an expert in the electrophoretic methodology now in use
in crime laboratories. | |

It was originally requested in the Beckman U.C. subcontract that

Upr, Matbias Yoong of the Illinois Bureau of Investigation be engaged in
support>of the key investigators at WMRS. If for any reason Dr;'Yoong was
not avallable, then the University of CallFornla was to engage ad\lnd1v1dual

of comparable background and experlence acceptable to Beckman and»the

Aerospace Corporation to participate in th;s,effort.

. Dr. Yoong seemed an ideal choice because of his work, his experience in

i

" the crimeqlaboretory,vand his familiarity with diverse bloodstain methodologies,

It was felt
that Dr. Yoong, because of hls scholarly tralnlng, would be able to play an
active part in both the development of new. methods and adaptatlon of existing

methods for use 1n the BAS PrOJect.; Unfortunately, Dr. Yooﬂg;was unable for

‘personal reasons to accept'a short-term offer of this nature.

14 Revised Program Plan, p. 8. Do
15 Ibid., p. 9. : SRR S
16 Ibid., p. 7. |
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BLECTROPHORBTIC BLOODSTAIN ANALYSIS PROGRAM
‘PROGRAM PLAN ‘ -

Subcontract No. W-67854 o ;
Beckman Project 1361-2700-800 ' : . -

Dated: February 11, 1977 ' ot

Submitted by Beckman Instruments, Inc., Advanced Technology Operatlons,
to The Aerospace Corporatlon, Washlngton, D.C. 20024,

From:
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gig‘ ', It was possible to secure the services of Mr. Brian Wraxall of the

Metropolltan Pollce Laboratory it London and Mr. Mark Stolorow from the

.\\

Michigan State Pollce Labqratory; Both of these persons have had extensive
experience in the crime laboratory and both ere expert in the use of electro-
phOretic methodology for blood analysis which utilizes gels as supporting
media. In order to make all arrangements in an ekpeditious manner, it was

decided ﬂo employ Mr., Wraxall and Mr. Stolorow as Beckman Consultants, |

The &gpsultants entered into an agreement with Beckmen Instruments to be

located at the WMRS, University of California, Berkeley, and to work on this

{program dnder the technical difecfiga‘of Dr. Grunbaum. All data, experimental
fesults;hetc., resulting from‘their efforts of the Bloodstain Analysis Program
were to be released through Dr. Grunbaum to BecK%an prior to disclosure to ,%
others, including The Aerospace Corporation.

At the WMRS{;these consultants were requested toieet up and put in working
oprder fhe eiectrophoretic equipmentvwith which they were familiar. They
applied their méthodology in determinafions,of the variants under considera-
tion fof inclusidn in fhe,BAS and demonstrated conviﬁcingly that, in the hands
of_experts such as themselves, %ﬁese methods can be useful. They provided the

very best of the traditional methodology.” This has been used as a basie of
: cdmpariSon with neﬁ methodoiogy. ‘They made some serious attempts to improve

upon the old methodology, but achieved no significant improvements. o i
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SUMMARY OF EFFORT

RS
\\\.\ “ )

All technical support specified¥i§ the Statement of Work of the revised
UC/Beckmaﬁ subcontract was'completed. fhe blood constituents specified in
the Statement of Work and others were considered for inclusion as determiners
in the BAS (Té£le 1). Likely candidates were\selected from those constituents
which demonstrated good resclution with fresh blood (Table 2). These con-
stituent; were subjected to aging tests, using 4-week-old blood. Anaiytical
methodéiogies‘for ihe sélected isoeﬁéymes were optimized. A vﬁriety of1
substrates was considered and tested (Table 3). A

At the conclusion of the Systems Definition phase of this program, the
WMRS was prepared to suggest an% igfend‘éﬁchéﬁég_iﬁvfhe ggatement of Wérk
that would eliminate the,ﬂfE;;eiéetupﬁjréquirement in fa;or of a Qastly
superior ég;tem utilizing simultanepus analyses. Feasibility Tééting\wouﬂd3
have beén carried out on schedule. | |

Another approach to the three setup system was‘proposed,by the Beckman

-

Consultant, Brian Wraxall. Since work on this approach had been carried~0gt .

at the WMﬁS, we were in a‘good positionvfo evaluate the probability of its
éuccess. Itvseemed highlyounlikely that thg anélySés.could be carried out
on three seiups. In any case; thérsimultaneous approach»seémed far‘}ess
iikelyuto meet the other requirements of the Statement of‘WOrkitEan does the

sequential approach.,
. ao T

R T VS g i

2
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&
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! o Table 1

CONSTITUENTS CONSIDERED

ADDITIONAL CONSTITUENTS‘CONSIDERED

FROM STATEMENT OF WORK

HEMOGLOBIN, Hb AMYLASE

HAPTOGLOBIN, Hp URIDINE PHOSPHOKINASE

GROUP SPECIFIC COMPONENTS GLYOXYLASE I

GLUTAMATE PYRUVATE TRANSAMINASE, GPT GSR
RED CELL ACID PHOSPHATASE, EAP | BIS-ALBUMIN

~ PHOSPHOGLUCOMUTASE, PGM ~TRANSFERRIN
ADENYLATE KINASE, AK CERRULOPLASMIN

ADENOSINE DEAMINASE, ADA ALPHA-1 ANTITRYPSIN

PSEUDOCHOLINESTERASE (E2), PCE (E2)

& PHOSPHOGLUCONATE DEHYDROGENASB, 6 PGD

'GLUCOSE' & PHOSPHATE DEHYDROGENASE, G6PD

4

ESTERASE D, EsD

PEPTIDASE ‘A, PEP-A

CARBONIC ANHYDRASE
.-g,:'g;
- ik,
e :
L [5S
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Ge 45 48
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Table 2

BLOOD CONSTI:I‘UBNTS SELECTED AS DETERMINERS

Discrimination Capability

Determiner Fresh Blood ' 30 Day Bloodstains

 EAP - .35 .43 ; ~ .35

PGM - 47 L8 Y 47 47

EsD .69 .58 .69 . .89 .69

Hp ss .39

apA .82 .88 | .82 .82 .82

AK .82 K- .82 .82 .82

Cumulative
Discrimination

Capability (1 in 200) (1 in 148) [(1 in 4.5) (L in 12) (1 in 84)

A - Based on original estimate.

B - Based on data from this UC laboratory on about 12,000 blood specimens.

~This work was supported by the Office of Criminal Justice Planning
of the State of California and completed in September 1977.

o
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S
o
. b
o
N - g -

Bt

17
Table 3
' SUBSTRATES CONSIDERED
STARCH GEL
CELLULOSE ACETATE MEMBRANE
- ACRYLAMIDE GEL
AGAROSE GEL
CELLO GEL
‘ . B AGAR
SILICA GEL
ﬁ';‘zrﬁ‘
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- Beckman ATO to concentrate research erfort on System:] jevelopment along the

was understood that it is theoretically possible to obtain a discrimination

fthese determlners which may affect thelr moblllty and stablllty.

e ¥ B

l 8 e

Early in September,5a "sfrong recommendation’ was made by letter from———

lines recommended by the Beckman consultanﬂ This laboratory cooperated

&.......‘__\\_....w'

fully-with the Beckman:request until termlnatlon of the work in this

laboratory on November‘15.~

Discriminatio#

w;} 3fErobabil‘ity
A rechnicai redui%émentﬁof the Statement of Work is that the electro-
phoretic analysis;system‘developed be capable of achieving a degree of
discrimiﬁabioﬁ’probability o%\one out of 200 ﬂandomly selected individuals,
using as a sample a bloodstain aged for four weeks.
When thls laboratory entered into an agreement to provide technlcal

Y

services as r%quired'to perform the tasks described in the subcontract, it
I i . .

4

of 1 in 200 on bloodstalns as old as 4 weekg. At the WMRS ‘mefhodology has
been developed and is routlnely used which permlts dlscrlmlnatlon of more
than 1 ln 250 oq‘rresh blood However, there are fundamental dlfflcultles
concernlng the electrophoretlc analysis of protelns and enzymes in aged blood

or bloodstalns. Physical and* chemlcal changes occur in the character of

If the

changes are great. there is mo possLh%l;txp¥9€N§L$“¢??§§ful routine analysis.

To date'cwe have no eyidence that these changes can be reversed. IMPROVE-

- MENTS AND CHANGES 1IN ELECTROPHORETIC MFTHODOLOGY WILL BE TO NO AVAIL I¥ THE

DETBRMJNER ENZYMB/PROTEIN HA§ ALTERED THROUGH AGING AND DETERIORATION, .
Protelns such as Ge and Hp may sometlmes per51st for a spec1f1ed time |

in aged bloodstalns stored under controlled laboratory ‘conditions whlle at

other tlmes, under ;dentmcal condltlons,they will become undetectable.

‘i

.

- determined in these aged stainms.

”tok;)in 12,

- for 1nclu51on in the Bloodstain Analy51s System,

~namely A, BA B, CA, and CB

-

1g-

K1

What appears to be a great dlfference in the per31stence of these enzymes

among 1nd1v1duals may actually be due to innate dlfferences in the concentra-

tion of these enzymes in their blood. St¥riko (5) estimated that among

1nd1v1duals Ge may range from 25 to 50 mg per 100 ml serum., He estimated

that Hp varlatlons in fresh human blood may range from 10 to 220 mg in

100 ml serum,

In this laboratory we quantified the relative amounts of Ge and Hp in

the fresh blood of several‘donors,by a one-dimensional electro-immuno

preclpltation technique on cellulose acetate. In confirmation of St®rike's

observations, wide: varlatlons among individuals- were observed.

LY

It is obvious

that on prolonged drying and degradation, some specimens will lose their

“entlre Ge or Hp while others may still show substantial amounts and thus lend

themselves for phenotyping. What may appear to be unreliability in an

analytlcal method is, in fact a function of concentration of the enzyme itself,

The systems PGM, EsD, ADA, and AK have proven to persist in 4 week old

bloodstalns kept under known laboratory conditions., These have a comblned

dlscrlmlnatlon capability of 1 in 4.5 (Table 2). We were unable to determine

Hp and Gc on 4 week old stains. GLO I may sometimes, but not always be

~GLO I increases the discrimination capability
If EAP is also determined, the cumilative discrimination capabilitv
is 1 in 3y, ’

For reasons stated below. EAP {s not recommendedfor inclusion’

in the Bloodstain Analysis System. .

‘ The. good frequency dlstrlbutlon of EAP makes it a very- temptlng candlda%é A//(/
The five common phenotypes,
3 Can now be readlly and accurately determlned

using fresh blood (6). Bloodstalns aged for 30 days on white cloth under

is/)
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" labbratory conditions has @lso been accurately typed.

 supporting medium is used.
-

&

20

However, inherent

characteristics of the EAP system give rise to the nmssibilitv of verv serious

.

errors in phenotyping on other than fresh blood, especially if the‘history
of the sample is not known.
In this laboratory,‘aﬁ experimentﬂﬁhs made to test the reliability and

i
"

suggest the limitations of the EAP phenotyping in the crime laboratory. The
experiment was designed and supervised by an expert criminalist from the

Alameda County Sheriff's Department Crime Laboratory. Experimental stains

~and heat-degraded liquid samples were analyzed with great care by technicians

having much experience with both cellulose acetate and starch gel methodology.
The four readers, highly experienced with both methods of EAP phenotyping,

, i h\
had no knowledge of the phenotypes, the age of the samples, or the way in ,\\

which they were prepared prior to analysis. The results showed that,there(gen >

be a definite problem with the EAP phenotyping no mattef‘which electrophoretic
On cellulose acetate, the readers found severel

inconclusive and questionable readings on BA, B and CB bands. On starch gel,
s e,

~

 the readers "positively" misidentified several of the BA, B, and CB phenotypes.

Unlike other phenotypes, EAP depends not only on a pattern of relative

\dlstrlbutlon of bands, but also on the relative intensity of the bands. When

Bﬂood is aged the individual phenotypes tend to degrade at dlfferent rates,

fuﬁther exacerbating the true phenotype 1dent1f1catlon. In addltlon, EAP

lsoanymes, on degradatlon, show so-called "storage bands" which are actually
\

breakdown products of the protein molecule. 'These breakdown products are

sometimes reversed by adding a reducing agent. However, questions always

, remain concerning the degree of restoration of the'molecular structure,

Because of the great number of varlables affectlng this enzyme system in vitro,

phenot zplng should® not be attempted unless a complete hlstory of the origin <~

Bl

4

. o B

-~

w

and prot%ine,inddnigdabloodstains.

‘cannot be achieved.

g s s s
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and handling of a blood or bloodstain sample are known.

The selection of enzyme/protein detggm;gers_fgzﬁinclusion in the BAS
involved basic reseerch into the stability and persietence'of certain enzvmes
‘ Tt seemed apparent from the start that
both The\Aerospace Corporation and Beckman Instruments ATO understood the

nature of|this research and were prepared to make necessary changes in the

b

4
)
!

Program Plan as new'information developed.a, Sensible people do not persist
in a course of action when there is clear-cut evidence that the goals set
It is good management to modify a statement of work when

timely recognition of factors indicate that revision is necessary,

Methodolo

Over the course of several months; before, duringvand after the System
Definition phase of the BAS Project, excellent new methodology has been

developed in this laboratory for the analysxs of bloodstalns for thé,selected { %

1

proteln/enzyme__etermlners. Tdé\e tew metbggg_are at least as sensitive and
reliable as current methods, and they are considerably more simple, rapid,
and easy to leetn. | ’

The methodS‘for determinetion of Egy, EsD, SAB; AK, AQ} and G¢ involve
‘ for the determina-

use of ce;lulose acetate as a substrate. The new method17

e e —..

~tlon of Hp uses(acrylamldelnongradlent gel as a substrate and reduces total

: analysxs time for Hp to approxlmately 90 to 120-minutes.

<‘A<3ethod using an acrylamide gel substrate is also recommended for

. GLO-I.

When work on’the BAS program began in January, this laboratory was

17 APPENDIX, Section A, See 3rd InterimnProgress Report, 1-30 September

1977.
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o ‘ ~
routinely doing enzyme/protein determinations of:fresh blood, using cellulose

Research was already undefwaxiii adapt some L.—

of this methodology for use with dried bloodstains. The successful adaptation

ﬁ:? acetate as a supporting medium.18

of cellulose acetate methédologf/;ggearéd‘attpggféye'in terms' of the increased

rapidity of analysis and lower costs. Celiulose acetate methodology offers

the added advantaée of simplified documentation since the original patterns

are permanently preserve@. Accordingly, cellulose acetate was one of the

several substrates tested in this laboﬁatory. Several otherxsupporting media

- Were also tested (see Tablé 3).‘ = |
There was no contractual requirement or agreement that blind‘tests or

confirmation tests be run, and certainly no understanding that results of

such tests would be used as the final basis for choice of methodology. These

tests served as a useful challenge andgresearch guide within the laboratory.
gg? They were certainly not designed‘ca§efully enough toﬂbe used in making

critical decisions.

Each time a bloodstain waé analyzed, we were in éisence condggting a

blipd trial. However, in our efforts to assure that certain systems héd
reacﬁed‘a satisfactory level of devélopment,'formal blind trials were made.
(Blind trials were made for EAP, EsD,<and PGM.) The first of these trials =
was .conducted in June and the results présented at our June program review
meeting. Using the criferia that 90% of thg stains must be identified
correcﬁ;y, none’ of the resuifs‘of the first blind trial was satisfactnm;,,l9
It was %perefore decided to repeaf the trials that WerewEOnduCteq in Juné.

The resui§s of these trials were reported in the Monthly'ﬁrogress Report,
\ “

B\ .
8The§g analyses are being done as part of a population survey financed by
the Office of Criminal Justice Planning of the California Dept, of Justice., In
the first year of this project, more than 100,000 analyses, including 10 genetic
variants, were made on more than 13,500 blood samples,

19

U

APPENDIX, Section C, Monthly Progress Report, July, 1977, p. 3.
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. :
July, 1977,lg from Beckman to Aerospace. It can be seen from Table I of that

report that all three constituents were identified with a high degree of

Cr

m@wu:m‘fmwﬁtmﬁmmmxﬁuxav:m e Aoy e
el Lo B

ﬂﬁgyfé‘were a total of 264 readings.
. Incorrectly and a total of 8 questioned,

f

‘accuracy in four-week old stains.20

At the Program Review Meeting in August, Beckman presented EsD and PCM

as equivalent on either starch gel or cellulose acetate, It vepOﬁtedﬁszggph

e

gel as the preferred substrate for EAP.. The results of the blind trials did
not support this tentative decision Ebncerning EAP, nor did prior and

su%sequent research results in this laboratory. In any case, as the Beckman

Progress Report,‘shiy 1977, clearly indicated, no final decision on the
choice of substrates had been made at that fime.

Thé Beckman Monthly Progresé Report covering work done in August gives
resulfszof Confirmation Tests in which all eight constituents were determined.
Five, of the methods reccmmended by this laboratory (for EsD, PGM, Ge, EAP

and AK) €n cellulose acetate were read with no errors. ' Another (ADA) was

s

read with one error (less than 4% error). Oup recommended methods were not -

N

used for GLO I or ﬁp. The starch gel and agérbsé gel methads which were

«

included in these confirmation fests also demonstrated accuracy, even though
& -

theréﬁﬁiie several incorrect readings. However),theykapp‘not recommended by

this léﬁpratory because they ar. sedious ahq cime-consuming)

i

e st

L7720 This Beckman report also contains the comment, "On cellulose acetate
Out of these there was a total 6f 4 called
The 4 incorrect calls made on °
cellulose acetate were “all by the same reader. Seven of the 8 questioned

calls were also made by the same reader." It may also be added that this
reader, a Beckman consultant, was the expert who had prepared the starch gel
runs. On many occasions he has expressed a strong prejudice against the use

of cellulose acetate and he had very little experience with the use of
cellulose acetate. » ‘ ‘
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System Development

<

' As part of its survey task (1), Aerospadf nndertook a search of literature

Fao . . _ \ i1 i ) ie : m-
toildentlfy promising methodology for\gse in crime laboratories and reco v

' . \\ » s s .
mended approaches in developing a better blood identification methodology.

Tbe survey showed that several 1nvest1gators had attempted to develop

- W,

~ techniques for multisystem analysis on a slngle‘substrate (Goadde and

completion time.

< of starch gel.

Benkmann (7), Brinkmann and Dirk (8), Culliford (97, and Ritchey‘(lO)).

' . ek
These efforts were all limited to starch gel, which requires a long analysis

The Aerospace report suggested that it would be useful~to -

extend such a technigue to substrates which require shorter run times.

an attempt at determination of three enzyme

Wrede et al. (11) descrlbe

polymorphisms on a single substrate. Polyacrylamide was used as the supporting

medium in order, according to the authors, to avoid the well-known disadvantages
However, this methodology involved suspending gels for 5 days

in gel buffer, which was changed every day, .xthen electrophore51ng for 18 hours

prior to specific enzyme staining. The method does not appear-to offer a

significant saving of time, ’
A relat1Vcly recent attempt at slmultaneous analyses on starch gel is

described by Neilson et al. (12). The authors‘lfomments under "Results and »

G

Discussion" are most pertinent.

"There are- severgl“p;*gauxlons which shouyld be stated when doing
multlple enzyme systems. First, there are the considerations oi

pH.and ionic strength’which are not necessarlly optimal f;r eac

enzyme studied. Second, in any multlple enzyme system, the rarer .
variant banding pattern of any one:of the enzymes that overlaps into |
the developmental region of a second enzyme“will not be visualized. I
Thus, multiple enzyme systems mlght best be used as a rapid screening

,( test to observe basdcﬂengymervarlants.

-
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For reasons of economy of space and equipment, it is desirable to have
as few setups as possible in any bloodstain analysis system. The Aerospace

Technical Requirements arbitrarily specified three "setups", defined as "no

.more than three electrophoretic substrate plates and no more than three cells".

At the time this laboratory undertook to give technical suppcrt to this

Project, this requirement seemed feasible.

After several months of basic research during the System Deflnltlon phase
//
of the’ BAS, it became apparent that lt would be difficult to achieve a 1 in
200 discrimination with four-week-old bloodstains even when these stains were

preserved at carefully controlled laboratory conditions and analyzed under

@ optimum conditions using the best available methods. These limitations are

functions of the persistence of the proteins and enzymes themselves, as

discussed above under the heading Discrimination Probability. It is the

bibchemical nature of these molecules that determines in great”part how they

¥&ll be affected through aging, and this, in turn, dictates optimal procedure

for deterndnation. =
Strict adherence to the technical requirement for a three'setup simul-

'\aneous system would involve compromlses in methodology w1th resultant

ungellablllty and amblgulty ghe e compromises would reduce discrimination

probability, Analyst skill red&drements would, if anything, be increased.
\
In this laboratory, the Aerospace Statement of Wark and Technical
.

Requirements were regarded as a reasonable ‘point of departure, Itﬂwas
’nnderstoodvﬁthat»lf, throughfbasic research, evidence was presented that
l?proVed ‘the technical requirements unachievable, the contractor (Beckman) .-
would make apprcpriate prcpcsals for revision cf‘the Program Plan and sugnit
these to the Aerospapepporporation for-apprcVal. _we urged”gﬁandonmentyof a
'system of simultaneous analvses, We recommended that continued effort be

RS
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az? directed toward development of a system of sequential analyses where each of Table 4
B , : able
the determinations is made under optimal conditions, with no compromising of SEQUENT X
und : : : , TAL ANALYSES USING A SINGLE MICROZONE
“ _ : CELL (MODIFIED)
such variables as buffer concentration, pH, electrophoresis time, voltage, . : f
etc. for the sake of the letter rather than the spirit of the Statement of Work., - Order of Anal . k 3
r'e , : ‘ o] nalysis Substrate Hands On Elapsed Time
1. Sequential Analyses '
. "
The eight.new methods recommended for inclusion in the BAS are at least Sample Preparati CAM
( ; , ¢ e | on : 15 min, 15 min.
4 as sensitive, reliasble, and unambiguous as those selected by Beckman ATO. o SRt At e e , : :
qt [N » { P‘\:I\. o n 15 " 75 "
These new methods are superior in that they radically reduce both "hands on". el EsD ‘ : iy
; < , R ' . ; 5 . 60 M
and "analysis completion" times. They also require considerably less technical AK-ADA-EAP "
. o | . Sy s 60
£ skill in preparation of samples. L A (simultanecus) ‘
, e : > : GLO-I ; .
The six methods using cellulose acetate producg an electrophoretogram— : . : Acr{lamlde 3o 150 »
, o ) , : ; ge '
which may be used as a permanent record, eliminating the need for photography, Hp-Gc .oon 35 1 120
‘ ! . , : (simultaneous) :
o %@ which requires time, expense, and skill.
S Total time ' 135 min i
. 480 min,

A single Microzone cell (modified) or a Nanophor may be used as shown (2 hr. 15 min) (6 h.)

in Table 4 for sequential analyses. It is obvious that speed of analysis

: ¢ . would be increased and more flexibility would be afforded if two or three

* cells were used.
?; | When eacg‘determinatién is made separately, the protein/enzymes which
éﬁﬁ; afe‘known‘éo peréist‘longéét would be run firét.’fA successful determination ;
% will indicate that‘the next analysis in tﬁe sepies éhould be made. An v
é unéucéessful analysis could quiékly be repeated. It may become appérent that
ééf* bégause’of phyéio-chgmicai changes in the sample due to aging and adverse N 7 »
% coﬁditions, the‘remaining a£alyses will'be unsuccessful and éq need,not be done. .} o ‘ / - : ‘ ; " S 7
f :It is of course‘Standard practice fo repeat analyses £o verify resul E R | ’J%
The proposed concurrent system is so fast and simple that all 8 analyses : {5/ ) .
could bg;médefaﬁﬂ4fé§ea§gééép fhe‘élaééed'time rquired for one run qf‘the ff§
f,vproposed Beckman sySteﬁ. | )
fo ‘
; e o =Y " o

1%
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2, Simultaneous Analyses

When it became apparent that Beckman ATO was not receptive'to verbal
arguments in favor of a request for:a change in the Statement of Work; a
. was submitted in early August, This reportomade specific
recommendations in regard to methodology {and eduipment %of a svstem of

sequential analysis.

Rather than responding to the proposals from this laborafory, Beckman

ATO sent a work plan22 which assignedva schedule of specific tasks for grouping

<

of constituents for simultaneous analyses.

The preVLously-mentloned September 6 letter2 from Beckman ATO confirmed

A e e b

e
&

the admlnlstratlve decision to contlnue with a system of simultaneous analyses.

Every effort was made to carry out Beckman ATO instructions until the '
November 15 termination date for technical support. |

The Beckman consultant was gi#en all laboratory facilities and technical
assistanee available under the BAS subcontracf to work out simultaneous
ahalyses on gel plates. |

The selected determinefs were grouped as follows:

I. PGM, EsD, GLO I - | -
II. EAP, AK, ADA | S ,
" aEE;; Hp; Ge

Wéen the guppogg_gifort was fermihateo in this laboratory in mid-November,

there'wqe/ég_successfnl svstey for simuftaneous'analyses'for any of these L—

for October gives the following

1

groups.,'The;Beckman Progress Reportzu

t

R APPENDIX, Section A, Interim Progress Report on System Deflnltlon,
10 January to 31 July 1977. : : .
APPBNDlX Section B, See letter to B. Grunbaum, August 18, 1977

22 APPBNDIX Sectlon B, See letter to B. Grunbaum, September 6, 1877.
APPENDIX Section C, 10th Monthly Progress Report, Nov. 10, 1877.
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information:

i

The first group (PGM, ESD, GLO-I) is unsuccessful because of poor
repeatablllty with GLO I,

Simultaneous analyses of group 2 (EAP, ADA, AK) has not been successful.
Problems in determlnlng ADA and AK are probably the result of necessary
compromises in Strength of reducing agents, buffer concentrations, and pH.
Efforts to convert to l%.agarose/2% starch were made in an attempt to make

V'the sSupporting media uniform for groups I aad II. These efforts were not
Successful. |

With the third group (Hp, Ge) the Beckman consultant reports that
generally one will come cut but not the other. The starch/agarose gel was
also trled with this group, but did not work. | n

‘Research was also done on the grouping of Ge and Hp on cellulose acetate,
using 1mmunof1xatlon technlques for locallzatlon and ldentlflcatlon. However,
it is the recommendation of this laboratory to use an established method of
determination on Gc on cellulose acetate (13) and a newly developed method

for determlnatlon of Hp on acrylamide gel. 25 L

APPE D 1 TR . .
1677 ‘ NDIX, Section Af Thl?o InterlmyProgress Report, 1-30 September
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DISCUSSION AND RECOMMENDATIONS

The proposed Beckman BAS

This system will not meet the discrimination probability requirements ( é;{ﬂ

of the Statement of Work with any degree of reliability. This has to do with

the physico-chemical modifications in dried blood rather than the methodology
used.

It is u ;ike{2>ygat the system can be worked out using only three setups. (3Hf{
i -
When samples are determined separately, optimum conditions are marked out for

pH, fype‘of buffer, and buffer concentration. Analysis of multiple samples

‘on a 31ngle subsprate involves compromise which will affect results,

eSpec1ally when aged samples are used. The slightest modlflcatlon in condl-

tions of electropheresis will change mobility in such a way that patterns may -

overlap. With marginal samples, decomposition products may obstruct clear

patterns, and if chemicals are added to help one system, they may adversely
affect another.
The problems described above in relation to a three setup simultaneous

analyses is not dependent upon choice of methodology . However, for other

‘reasons, the choice of methodology is a matter of overriding importance.

The Aerospace report comments as follows on the efforts of LEAA to promote
4 .
“the Culllford methodology
"Although this activity has generated con31derable interest in past
years, very limited use of serological results is currently made
within the criminal justice system in the U.S. It is this lack of
"response to past efforts by LEAA which has led to The Aerospace.
~ Corporation program to improve analysis methodology to that level of ;
@ .‘performance required to ensure greater utlllzatlon of blood individual-
1zatlon in the U.s."26 :

26 The Aerospace Corporatlon SURVEY AND ASSESSMBNT BLOOD AND BLOODSTAIN
ANALYSIS PROGRAM, Vol. I, p. 6

s

.

§9

a1

The Aerospace Statement of Work advises in regard to the Culliford
approach, "This procedure is to be considered as a baseline only, to be
improved upon or replaced by the de;elopment effort required by this

Stafement of Work".27

It is unfortunate that after many months of work and -considerable

expenditure of public research funds, Beckman ATO proposes to offer the

Aerospace Corporatlon a| system of slightly modlfled Culliford methade ) ”
Because of the complexities imposed by the Technical Regulrementséa, this
methodology is now 2333 conpliCated, ggzg_diffioult to learn endent‘ ’
on’analyst skill, and less accurate than ever. There i noGpossibility haﬁ_ o
it will ever be used nout;nely in U.S. crime laboratories. L R
Claims that th%e methodology now requires less "hands on" time and less 1

time for analysis completién appea However)

to be considerably exaggerated.

any claim concerning time saved is irrelevant since the system itself is not

practical for routine use.

~Since government research funds have been expended and since the :
b

facmlltles of a public unlver51ty are lnvolved, it is proper that any justlflca-

i

tlon for the major admlnlstratlve decision by Beckman ATO be fully underotood.

The lOth Monthly Progress Report gives a less than factual rationale for

this choice: - . o | =

".... However, the data from tests on this grogram show that the time
requirements for techniclan effort is about the same with either
substrate. Further, and iost important, are the results which show
that group analyses are most likely to.be made successfully with the
gel substrate. Therefore, based on the test results to date, it was
decided to concentrate development effort on the gel plate methodology.
This approach has shown the greatest potentlal to meet the requ1rements
of the statement of work n2

The Aerospace Corporatlon STATEMENT OF WORK FOR A BLOODSTAIN ANALYSIS
SYSTEM, p. 3.
28

28

Statement of Work (Aerospaoe;, Annex C.

APPENDIX, Sectlon c, ‘Tenth Monthly Progress Report, Nov. 10, 1977, p. 1.
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!~ In fact, there were no tests performed in this laboratory to determine
tﬁme requirements for technician effort for either substrate, There were no

tests performed in fhis laborato;y that show that group analyses are more

likely to be made succesafullyﬂw1th"thengelmsubstrate. If such tests had

_been made, they certainly would have been recorded and reported. No such

. test results are given in the Monthly Progress Reports from Beckman ATO or

in the Viewgraph presentation made bywthe Beckman Program Manager at the_/77 :

Program review Meeting on Octoher 3, 1977, -
A

The Beckman ATO decision was not based on test resultst} The BAS project

administrators were faced with a ddlemma. On the one hand, the Project
Director at WMRS urged revision in&the Statement.of Work to permit a
sequential system of analysis, arguing that—the P-E\§ed three setup system
for simultaneous analyses was pgébfﬁly—upffgifzéble and most certainly

eyimpractical. On the other hand, the'Beckman consultant consmstently made
extremely optimistic though unSubstantiated claims that his approaoh;}
utilizing an agarose/starch gel methodology, held great promise of meeting
the requirement of the Statement of Work.

Exercising its unquestioned

prerogative, Beckman BAS Pro%ram~management made an arbitrary choice,

- Parallel Placement of Samples for Simultaneous Analysis

o

It was suggested that parallel rather than perpendicuiar plaeement of

samples on the supporting gel plates will faCLlltate s1multaneous analyses

by preventlng overlapplng. ThlS innovation should avoid some of the

dlfflcultles that arlse because of inconsistency in the gels 'frem batch to~f

batch (14\ This is partlcularly true with agarose gel. Imperceptible

varylng amounts of trace contaminants may radlcally alter electrophoretlc

3

patgerns as a result of electroendosmosis, which is difficult to control.
\ <
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There is always the possibility that overlap and too-close margins will result
in loss of bands when phenotype patterns are determined in the perpendiculfr

fashion. Thus it is 1ik®ly for laboratories using agarose gel from differe

O

sources to obtain conflicting results on theyanalysis of the same bloodstain

S} ec:unen .

In the parallel fashion the bloodstaln is placed in the gel with approp- Nﬁﬂ**
riate standards on: elther smde. Slnce the proposed setup using the NXNOPHOR 5
Electrophore51s System can aéEbmmodate 12 sample‘!su3 it would thus be p0551ble
to arrange for the 51multaneous analyses of any group of three determiners

e v e

that can use a common pH and buffer. At the end of electrophoresis, the

overlays with appropriate substrates would be placed parallel to the electro%

phoretic axis of each variant and there is no possibility of loss of

information due to overlapping or failure to cover any of the bands, regardlessv
of the quality and makeup of the gel.

LShould this suggestion be adapted, it would,facllitate a technical
lmnrovement,;n_xhg_nggposed Beckman ATO svstem.

However, the basic objections

to 51multaneous analyses would still remaln.

Future Research

kBy the, time the final report of the BAS is completed by Beckman
>
Instruments, Inc. and The Aerospace Corporation, the arguments concerning

the use of starch gel vs. cellulose acetate may be irrelevant. It is now
- ; horN

fknownathat~separation of proteins in~a linear pH gradiant produces an unusually

R -
e

high degree of resolutlon by separatlng proteins accordlng to their isoelectric
point. Electrofocusing on polyacrylamide gel not only results in many
electrophoretic zones, but each zone is also highly cofitentrated as an

inherent feature of the technique. Thus, for instance, in the EAP system,

e b

W
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(so-called prlmary, secondary, tertiary bands).

34

N

Kaczmarek (15), using a highly purified enzy?e, showed 21 isocenzymes for a

i’r .
given phenotype, while conventional electropuoresms shows only two or three

Using iso€lectrofocusing

for typing the common PGM varlants, Bark et al. (16) demonstrated 10 new

A

variants. Thus they increased the,discrimination probability of PGM from

about 1 in 2 to 1 in 4 individuals. This is of tremendous significance

when examining bloodstain evidence. Grumbaum (17) in 1975, working with

dried .bloodstains found about 80 bands (zones) after isocelectric focusing;

[

On the basis of this finding, a system was proposed which would make it

possible to determine 5 to 10 genetic systems simultaneously. Subseguently
Burdett and Whitehead (18)vreported“simgitaneous separations of several
polymorphic systems. | \ |

It should be noted that the Beckman proposal did recommend the evaluation
of the technique of 1soeleotr1c focusmng to determlne its potential for
methodologlc simplification. It is unfortunate that Aerospace chose to
delete all studies related to the use of isoelectric focusing for electro—
‘phoresis from the BAS Statement of Work.

The Beckman Proposal also included an approach for the definition'of
"narkers" which would indioate whether components are seriousl§‘degraded.
Aerospace requested deletion of all enzyme marken‘studies related to determina-
tion of age of stain for ascertaining whether the stain can be easily analyzed
by electrophoresis. Independent of the BAS, this laboratory has carried out
the markgr(§ystem studies, with useful results. Using the highly sensitive
and specmflc electro—lmmuno-preclpLtatlon method, it is possible to assess the

relatlve amounts of Hp and Ge remalnlng 1n a bloodstain. This test is carried

2]

out on cellulose acetate using the unmodified Beckman Mic¢rozone cell. If no

B JOURIVIERET. %, 07 701X A DN o e b R St d WL B e

evolved.

flaboratory~test1ng and evaluation. - ) | !

:‘L-
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Hp or Gec shows up in these tests, phenotyping by electrophoresis for these

4

variants is probably of no use. If Hp and Gc are present to any extent,

the chances are that the stain is relatively fresh or well preserved and

_warrants the complete analysis for all variants.

Conclusion (Options for the BAS)

At some time durlng the system development phase of the BAS project

there appeared to be an acceptance on the part of Beckman ATO that the

Technical Requlrement for "three setups" was of paramount importance. The

Project Director at WMgS;was convinced that this requirement was important
only if it increased capahility to meet those other technical requirements
which would determine the system's ultimate usefulness and acéeptability in
U.S. crime laboratories.

Consequently, two approacﬁes to system development

It was Beckman ATO's prerogative to choose one over another and it é////7/:

chq&e~fo contlnue development of a three-setun svstem. The alternate system,

one of sequential analyses, required little additional development.™ With S
continued BAS project support, including appropriate equipment supplied by s

Beckman ATO, this would most certainly have been ready.for feasibility

testing by the beginning of December 1977. It would have perhaps been worth

the 1nvestment of minimal additional financial support to have two systems

avallable for comparlson in fea51blllty tests end subsequently for crime

4
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RATIONALE FOR SELECTION OF METHODOLOGY

This project is justified on the basis that the traditional methods of

©_electrophoretic analysis for determination of genetic variants in blood,

E

though known for years, are simply not being used in American crime

lzboratories. Newspaper acpounts recently publicized results of a feoerallya
funded three-year project to test the capabilities of 240 crime laboratories
operated by federal, state, and local law enforcement agencies.;’ The release
reported a wide range’of error in re5pomse to tests inciudihg bloodstains.

Only 40% of the laboratoriee tested gave cofrect\answers on a bloodstain
comparison test. OFf 124 lakoratories performing théytest, only 49 correotly

reported that the two bloodstain samples did not come from the same person.

‘The others®made incomplete or inconclusive reporte because thé? lacked the

i

‘ability to perform the more sophisticated tests or made mistakes in the tests.

An earlier survey was made for LEAA by the Aerospace Corporatioh to
assess the state of the art of bloodstaln analysis in the U.S. Crlme labora—
tories and to-zstablish the Sp&ClIlc needs of forensic serologists for
;. Special efforts were made to 1nclude those

R ' 2
improvements in technology.;

lzboratories that were repoéted by others to be performing blood analyses;

/

thus the survey was more indicative of the extent of blood evidence use in

larger and better-staffed laboratories. The survey revealedgthat #ven these

facilities were making vepy‘limited use of available technologyi‘

One of the reasons offered by AerosPace forwthe llmlted use of bloodstain
ﬁ ,

clues was "a lack of‘s;mplew rapld, and 1nexpen51ve analytlcal methods for

1 United States Department of Justice, Law Enforcement Assistance
Aéninistration News Release; Washington, D.C., 8 April 1877. This study
was conducted by the Forensmc Sciences Foundatlon for LEAA :

‘Blood and Bloodstain Analysis Program.
El Segundo, California. The Aerospace

2 Survey and Assessmenﬂ :
Volume I, Technical Dlscussaon.
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the detection of the genetieally derived blood constitoents which will
positively identify an individual. Available techniques are, for the most
part, time consumipgvand often‘yield,amb;guous results."3
It would be seif;Hefeatipg? Ip the face of such a clear and coricise
analysia of the phoblem by Aerospace, for this project to end up with a
System which incorporztes only, or mostly, the old methodology which the

U.S. crime laboratorles have been unable to utilize.

The minutes of the Program Review (June 20, 1977) states, and the

_ subcontractor concurs,‘that the only acceptable end product of this research

_gls the development of a system(s) which will benefit the crime laboratories.

It has been our objective to develop new methods for bloodstain analysis

2e
-

with the expec;atlon that they will be reliable, accurate, econcmical, rapid,
easy to-leafn, and easy to perform in the crime laboratory. ‘

The subcontractor is not concerned with any so—called oontroversyﬁ
between starch gel and cellulose acetate,

but only with the development of

reliable and reproducible methodology in all systems for the purpose of

S . o

upgrading forensic serology and aiding in the administration of justice.

Accordlngly, we are reconmendlng for 1nclusmon in the Blood Analysls System

some methods which use gel and some whlch use cellulose aceuate.

o

I suggest that we do not commit ourseri

~s to any system of methodology
whwch excludes further development and expansxon. The search for lmprove§
technology must contlnue even after the completlon df this p"oject. Different

approaches are already under con51derat10n (Grunbaum B, W., Some New Approaches
‘ to the Inleldualezatlon of Fresh and Dried Bloodstalns. J. Forensic Sc1ences,

2}; #88-u97, 1976), and will mos; likely prove superior_to conventional

ih}

electrOpho;esis~using either starch gel or cellulose acetate as a sﬁppor;ihg“'wQ;}

: 3 Survey a?d Assessment. Blood and Bleodstain Analy51s Program.
Volhne I, Techn:cal~§;ch;s;on. El Segundo, California. The Aerospace
Comporatlon‘ Apygl 197u ﬁg“ls. N L :
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medium. The crime laboratory must be supported on a continuing basis with

research designed to improve the state of the art.
METHODOLOGY

EH ;

In developing a Bloodstain Analysis System it was imperative to have at

Such basic parameters must of

hand primary parameters for comparison,

In this laboratory many thousands
&

necesSity be established on fresh blood.
of fresh blood specimens have been analyzed prior to and duripg‘thiefcontract.
The bloods are obtaiﬁed from various blood banks; the samples éfé sterile and
of traﬁsfusion’quality. Ten diffe;ent.genetio variants are routinely
phenotyped. Seven of these systems beiong in thergrouo of eight seiectedvfor
-a dlscrlmlnatlon capablllty of 1:200 in the Bloodstaln Analysxs Systen Progect
The accompanylng chart lists the eight variants which have been studied

(34

for determination in the proposed Bloodstamn Analysis System. Seven of these

are recommended wlthout reservatlon. The cﬁert((Table 1) alsoﬁgives the
recommended support medium for the electrophoretic determination of each of
A these variants. ; . - | -
The varients were”selected‘on the basis of their reliability, persistence,

and»discriminationicapability. The cumulative discrimination capabi}ity of

- these eight variants is 1 in 200,

¥an Hours - . - ' o . ~ 3

i,
o

‘ The work for a determination using cellulose acetate-includes prepara-

tion of the stain extract, settlng up the standards, preparlng the electrophoretic

o

apparatus, appllcatlon of the sample phenotype development, and readlng and

)

recordlng the results.~ The work for the determlndtlons 1nvolv1ng starch gel :

1nc1ude, in addltlon, preparat101 of the starch gel plate. When gel is used

a stain solutlon is not requlred. Instead a bloodstalned fiber is prepared

and imbedded into the gel. The cumulative man hours requ;redpfor these eight

e i e X a————— " p——ima - -
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or a heterozygous phenotype CB, even though both isoenz ymes are present. i SE

When-blood is aged the 1ndlv1dual phenotypes tend to degrane ‘at different Cok

‘acetateyand starch gel as supporting media,

rates, further exacenbatlpg the true phenotype identification.

methods is less than five hours even if each determination is done on a
different stain. When all determinations are made on a single stain, one

stain solution can be prepared for all six determinations on cellulose acetate,

vy

"}‘» :
thus reducing man-hour time by abotli® 75 minutes.
The length of time given on the chart must be approximate because it
will vary with the capability and expertise of the technician.

Elapsed Time ; _ : ‘ %

The two methods using a gel as a supporting medium require approximately
24 hours for analysis. The six methods using cellulose acetate can all be
done wlth comfort in a single four-hour perlod

EAP

A good frequency distribution maKes EAP a useful discriminator. The
reoommeﬁéed method of depebmination, ﬁsingrcellulose acetate, has been
repeatedly tested in conformity with the fechnical requirements of this
projeofJand’the phehotypes werevidentified without~ambiguity.’

However, now@g?et I“have studied EAPfdeterminations‘using both cellulose
» I suggest that we'consider very

carefully before we include this variant in the Bloodstain Analysis System,

,Following are sohe of the reesons I question its suitability for dried

bloodstain analyszs in the crime laboratory. £

1) Unlike other phenotypes, EAP depends not only on a pettern of

relative distribution of bands, but also on‘the relatiye intensity of certain

For instance, even when blood is fresh slight dlfferences in the
s}

1ntenszty of the C band may confuse 1t with either a homozygous phenotype C

i
Gt

In addition, is

4,68
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the EAP lsoenzynes, on degradation, ~ show additiong] so-called "storage bands"

(/_/

which are actually breakdown products of the protein molecule. This is

usually corrected by adding a reducing agent. However, the guestion always

%

remains:-- Has the molecule structyre truly been restored to its mative state?
o . ffw )

'If it has not, then how can one be sure about its relative electrophoretic

e
]
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mobility and its eventual reactivity with a specific substrate?
- 2) - In the phenotyping of’maﬁy thotsands of fresh blood samples for EAP,
there has been no difficulty in aetenninipg the five common phenotyﬁes;

(4,B,BA,CA,CB) mad many rare varlants. When either Cellulcseﬂacetate or

starch gel is used, resolution is the same for all phenotypes except A.
It is presently agreed that the homozygous A phenotype consists cf?g

2 bands; the major one, A, has a mobility faster than the B band, while the

minor one A' (A prime), has a mobility slower than the B band. On cellulose

acetate, the homozygous A clearly shows “two bands. However, in the phenotype

BA, the A' band is masked by the B band. This does nct;interfere with

i

accurate phenotyping. On starth?gel, using fresh blood, the A! band is

clearly visible but it neither increases nor decreases accuracy in identifying

<F

the phenotype.
In 30-day old bloodstains extracted from cloth, the major A band was

clearly visible after electrophoresis on cellulose acetate. Thus again the

accurate pheﬂotyplng vas independent of - tpe At band

The A 1soenzyme degrades faster tha; the B or C iscenzymes. It is

possible, therefore, to call a true BA p%enotype a B, However, when-starch -

|

_gel is used the A' may still pyemain aftér'thecA has disappeared.
)l

there has been some suggestlou that a pﬁenotype can be 1dent1f1ed as BA when

Alf%cugh 

only a B band and an A' band lS v151ble/ there is certalnly room to questlon

the reliability of such afdetermlnatlcm, It is pcssible, for‘lnstance,cfhat

12
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J. Forems. Sei. Soc., 15: B9-74, 1875),

the apperent At is really a storage band. Conversely, if A! is not present,
it cannot be concluded that the phenotype is a Bj the A! may 51mply have
disappeared along with the A band as the blood aged. Certalnly such
determinations could be’ challepgedg§n a court of law, ' .

There is, of courae, a solution to avoid this problem, gegardless'of
vhether cellulose acetate or starch gel is used. By comparison with
appropriate aged sfandards such uncertainties could be resolved. Develcpment
of such stac?ards is beyond the scope of this project. o
_Pﬁ 5 ye

N

Methodology usmng cellulcse acetate in the phenotyplng of PGM 1n blcod—
stains has been worked out in a California crime lzboratory (Zajae, P. L.

and A, E. Sprague, Typing of Phosphoglucomutase (PGM) Variants in Dried

E—

Bloodsta;ns by the Grunbaum Methcd of Cellulose Acetate Electrophoresis.

Results of this PGM phenotyping have
beenrpresented in courts-of-law as evidence numerous times. This method has
been tested for this project with satisfactorybreéults.

2 :

Methodology for determination“ofkthis variant iﬁ fresh blood was adapted
for use with dried bloodstains in this laboratory. The present methodology,
us;ng cellulose acetate membrane, is quite satisfactory for unambiguous
phenotyping. Thirty-day old: specimens extracted from cloth show considerable
degradation, However, by varying the strength of the menbrane buffer, it is
possible to concentrate the individua;helectrophoretically,separated isoenzymes.
This yieldsrhigher intensity,peb:ﬁnit band width, better band separation,

consequent superior resolution, and unambiguous phenotyping. Unlike starch

S S,

-gel determination of EsD, the CAM does not show any other esterases which

-

tend to obscure proper phenotyping.
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“AK,-AD'A, 6PGD and Hb

‘on_cellulose acetate'usipg 30-day old bloodstains from cloth.

The above systems have 1§w discriminatioﬁvindiéés but are simple to
détermine in fresh bleood on cellulose’acetatei Furthermore théy‘Separate
in such a manner that all four sygfens can be determined simultaneoﬁsly from
a single sample. This methodo}ggy has been adaptéd for phenotyping for AK

Adaptation

of methodology for determination of the other three systems is progressing

well, but only ADA is pr@sentiy inbiuded in‘the‘grouﬁ of B systems.
Hp ,{? : .\ﬂ,

Haptoglobin phenotyping has been successfully done on 30-day old blood-
stains using acrylamlde gel as the supportlng media. It is agreed that.this

is the best method presently avallable. O-dlanls;dlne'rather than o-tolidine

-N .

Wlll be~used as the stain because it results in a permanent phénotype pattern.
We have found that "cleansing" the bloodstains with chloroform improved the
resalé}iogﬁconsiderably. |

Work is underway in this laboratory to develo? a much improved and

simplified procedure for Hp, but this is not being done as part of the.

| BloodstainﬁAnalysis System Project.

Ge

Determination §n cellulose acetate (Grunbaum, B. W._and P..L. Zajac,
Rapid Phenotypingléf Group Specific Component by Immunofixation on Cellulose
Acetate:' J. Torensic Scieﬁces July 1977) has proven the‘fasteSt, simplest,

ana most‘economlcal means for phenotyplng Ge varlants. The adaptétion to

< \

bloodstalns has been wcrked out. . Cellulose acetate electrophoretograms show
that as a stain ages degradatlon products accumulate 1ncreasmngly in the form

of a dlffuse anodlc band. Apparently the breakdown’products of the Ge molecules

still have the capacmty for specific interaction with antlsarum \Portunatélj‘

)
| R
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stain ev;dence.

3

this éoes?pot interfere with phenotypingf' However, as the degradation

products increase, the remaining intact Gc molecules yleld fainter bands and

phenotyping becomes marginal, As a‘result;:some determinations on 30-day old

bloodstains were negative, Howevef, sinCE'stains as old as two months have

been successfully phenotyped, it must be assumed that concentration levels of
’ ~

Gc vary between individuals.

GLO I

‘A new genetic marker, red cell glyoxalase I, was recently described
(J. KBmpf, S. Bissbort, S. Gussmann and H. Ritter. Polymorphism of Red Cell

Glyoxalase I (E.C.: 4.4.1,5). A New Genetic Marker in Man. Hﬁmangenetik

27: 141-143, 1875). It has a discrimination probability of 0.38. Attempts
to resolve the heterozygous GLO I 2-1 into 3 distinect bands on cellulese

%

acetate have been unsuccessful to date, Because of the scheduling limitations

of the Bloodstain Analysis Project, I suggest the'starch gei method be accepted,

On this electrophoretic medium GLO T appears to separate into the 3 common

‘phenotypes.

If time permits, additional trials to separate GLO I on cellulose acetate

will be made. |
COMMENTS ON THE NEXT PHASE OF WORK

. The next task\of the subcontractor will be to integfate the methods of
choice into a system +hat will be convenient and easy to use; accurate,
reliable, efficiegt, and economical, ﬂ

Rather than narrowly following the letter of the Technical Requirements,
we must strive to produceithe best system possible at this time to meet the
need of all crime laboratories, especially those who, for é varietf of reasons,

have been unable to utilize exxstlng methodology in the development of blcod~
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The Aerospace“Technical Requirement proposes a system “usiygkno more
than three electrophoretic set-ups", When this requirement wasﬁintroduced,
it was perhaps suppos§g that a single electrophoretic supporfipg medium
could be found and that a common g%%fer could be used to reSolﬁe at least
several genetic variants, either from the same sample or from several samples
on a single supporting medium.

It is now clear that three media, acrylamide gel, starch gel, and
cellulose acetéte, are needed.“I suggest that our primary objective be to

set up a system where each of‘the’analyses is done under optimal conditions,

with no compromising of such variables as buffer concentration, pH, electro-

'phoresis time, voltage, ete. for the sake of the letter of the Statement of .

Fork. & ;
7
/

Th;yﬂanophore, developed in this laboratory with NASA funding, offeps

an unparalleledcflexibility, unlike any commercial instrument, for a variety

of electrophoretic and associated techniques. It is suited for electrophoresis

using all known supporting media. The apparatus is compact; it featu%es

(1) a2 temperature control plate, (2) two electrode systems, ong for conventlonal

electropboresms, the other for electrofocus1ng, (3) a lO—sample automatlc  ,

RS

appllcator, (4) a sample-lndex1ng system, and (5) a 60-sample hqldlng plate.

Two or more Kanophores can be integrated to form. a“31ngle "sntmup" which uses

11 [

a single pover supply. An apparatus of thls kind. snould serve well as

standard equipment in the crime laboratory. /y
4
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Hp

Ge

GPY

AK ADA.

EsD

GLO I

Supporting Medium

Acryl,
Gel

CAHM

CAM

CAM

CAM

Starch
Gel

Discrimination Probability

o

0.39

OtWS

0.47

0.82

0.69

0.38

&

Mén_Hours Analysis

55 min

35 min

40 min

40 min_

40 min

)

45 min

: = \ & *

Elapsed Time Per Analﬁsis 16 hrs | 1.0 hrs l.%ihrs 2.0 hrs| 1.5 hrs| 1.5 hrs | 2.0 hrs .
: ‘ s
Yields Unambiguous Results U U u? u u ? U, ?
..... \‘ »\} L W
\il
| R ! it 0 e
“ = , é
8 N . “ Ay C g '
i o if \ “‘ o \, 5

P it gl

T e ST O SR

e

\3

o




g

L

B

’ Wgan?

- P S N
L R R A e e i = -

TO: Advanced Technology Operation
Beckman Instruments Inc,
Anaheim, California
Attn: Mr. John Walsh
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SECOND INTERIMFPROGRESS REPORT ON SYSTEM DEFINITIONﬁ

1-31 August 1977

Z-847905-G

A éubco%tract: ;
N Subcontractor:  University of California |
e Berkeley, California 94720

Submitted by: Benjamin W. Grunbaum
. Principal Investigator

&

~for unambiguous identification,

- separation.
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During the month of August research has continued in two main directioms,
The first was to further improve methodology for individual constituents using
cellulcse acetate, especially with regard to pattern resolution and recoghition
of phenotypes. The other area of research involved the combination of systems
for simultaneous determination of several variants.

In addition, work was resumed in the area of electro-immuno-precipitation
(EIP) methodology on cellulose acetate for the following purposes:

a) Identification of presence and/or quantitative determination of
specific proteins such as the Group Specific Component, Haptoglobin,
Transferrin, and others by one-dimensional EIP.

i b) -Phenotyping of Ge and Hp by two-dimensional EIP.

Comments on the individuadl variants

PGM. At this time one of the drawbacks in the use of cellulose acetate
in bloodstain analysis is the need for multiple application of sample extract.
This tends to start the electrpphoretic separation with an origin too wide for
good resolution. Also, because the separated bands are diffuse, that is
low concentration of PGM isoenzymes per unit area, they require longer develop-
ment time over the substrate for visualization and identification. Even though
the resulting patterns were recognizable they were diffuse, Also because of
the length of .development time, the background staining with formazan further
rgdﬁced the contrast.
o : '
The above difficulty was remedied by reducing the number of specimen
applications (bloodstain extract) to half or less, usually two applications ‘

~instead of Y4 or more. Also the development time was reduced to where the

standards were clearly visible and the bloodstain extracts barely visible,

This procedure had the effect of producing sharper zones and better contrast.,
Thus, the separation of the PGM b and e band was actvally achieved. Since
visvelization of isoenzyme patterns on cellulose acetate is best dome by o
viewing with transmitted light, the above procedure was very effective,

Of course the extent of a visible pattern depends mainly on the concentration
of soluble PGK in the extract. However since the concentration of PGM in a
bloodstain extract is not known E_Eriori, it,wil;/bé necessary when dealing
with a bloodstain to apply increasing quantities to a membrane with one single
application. . This should result in at least one pattern of sufficieEQ—huality ‘

; Eriéls were also made to intensify individual PGM bands by increasing the B &
buffer concentration (from the present 1:20 soak) in the membrane. Although o
the zones were indeed sharper, they were too close to each other for adequate '
ﬁ%e~mbst‘§}gent need at pfesent is the manufacture and use of sémple
cator tips of varying quantitieS“tovavoidktbe need for multiple applica-

. : 4
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TsD.  Unambiguous identification of phenotypes from 30-day old blood-
~-= on cloth was obtained om all specimens tested. At a cellulose acetate
-zne buffer concentraticon of 1:7, the bands are very sharp. However
Gecided to use a 1:10 dilution of tank buffer for the membrane to allow
—core flexibility relative to electrophoresis time. At the higher concentration
+he amperage was more likely to pise sharply, causing thermal convection. The
somewhat lower buffer concentratidn (1:10 permitted longer electrophoresis time

if necessary. The pattern characteristics were not affected.

-
[N

L IR A O]

Pzttern definition is also a function of sample size for EsD and any,
her system (see PGM above). The general rule is that the smaller the sample
ize the better the resolution. This principle worked favorably for EsD.

“n O
e et

AK. This is a very persistent enzyme system and there is no problem in
phenotyping 30-day old bloodstains on cellulose acetate.

EAP. The phenotyping of this system continued to yield excellent results
using 30-day old bloodstains from cloth, which were prepared in this laboratory.
Glycerine (15%) is added to all substrates. The glycerine addition has a

‘drematic effect on the speed of pattern development and pattern preservation

within the cellulose acetate membrane for future repeated viewing. Since the
glycerine impedes diffusion, the individual bands remain sharp. Since the

Ffunction of glycerine is to remove the end product (phosphate groups) from

the enzymatic action of EAP, the resultant is a corresponding increase of the
fluorescent compound 4-methyl umbelliferone., This in turn heightens the
intensity of the EAP patterns relative to a non-glycerine containing substrate.
Kote that the longer the time requirement for enzyme-~substrate interaction,

the more diffusion will occur. Ix a paper submitted for publication I explained
the difference in the physical effect that glycerine has when using starch gel
or cellulose acetate, With the present starch gel methodology, the glycerine

effect may be ineffective or undesirable. L s

Extensive experimentation during this period was done to compare the effect

of glycerine on EAP cellulose acetate electrophoretograms'versus no glycerine.

Five phenotypes were cbserved, namely: AA, AB, BB, CA and CB,’ The CC
sTtery was not availsble for study. Using fresh blood, the glycerine “»,
inclusion allowed phenotyping of EAP after 5 min. The zones were tight and™,.
he pattern bright. It required about 15-20 minutes for pattern visualization
vwhen no glycerine wes used. The zones were wider and "dull" in comparison with
these on glycerine. In some CB phenotypes the C and B bands were of equal
width when no glycerine was used. With glycerine the C band appeared impercep-
tibly neérrower relative to the B band but of the same intensity. There was
rever any more or less confusion in calling a phenotype CB whether glycerine
was erployed or withheld. The equal widths of C and B without glycerine may

be either because of diffusion or individual differences. Many more CB types
rieed to be examined. ‘ ' :

b paeted

£tP phenotyping on cellulose:acetate is one of the most successful deter-
rinztions we have developed, especially because ‘of the inclusion of glycerine.
In ¢ried blood analysis for EAP the element of glycerine inclusion is of
rerzmount importance because of the expected degradation of enzyme systems,
and TP in particular. e
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" humans to'range From 10 to 220 mg in 100 ml serum,

. electrophoresis time

£DA. gsin% freshly-prepared substrates, no difficulty was encountered
in phenotyping for ADA on cellulose acetate. .

Ge. N?t all 30-day old bloodstains yield recognizable patterns for
identification vhen analyzed by immunofixation on cellulose acetate, It
appears that the persistence of this protein in bloodstains (as prepared in
this laboratory) varies considerably among individuals. However, it is more
likely that the zpparent differences we note are due to concentration variations
anong individuals in their blood ®ather than persistence,

. ?)tested this hypothesis by quantifying the relative amounts of Gc among
incividuals by a one-dimensional electro-irmuno-precipitation technique (EIP)
on cellulecse acetate. Wide variations among individuals were cbserved.

(The EIP on cellulose acetate is fast (60-80 min) and can be retained as a
permanent record.)- St&riko! estimated the Ge between individual humans to
range from 25 to 50 mg per 100 ml serum. It is thus obvious that on prolonged
drying and degradation some specimens will lose their entire Ge content, while
others may show substantial amounts and thus lend themselves for phenotyping.

Hp. It appears possible now to phenotype bloodstains using a homogeneous
6% scrylemide gel slab, using the Beckman Microzone Accessory. Repeated
analyses will have to be made to confirm it. But as with the Gc system, some
bloodstains do not produce a visible identifiable pattern.  Again we quantified
fresh specimens of human blood by EIP for Hp on cellulose acetate, We found
them to vary even more than for Ge. StSriko estimated the Hp variations in
| a C | Again, it is thus apparent
tha? some bloodstains will lose their Hp on degradation while others will
exnibit strong Hp phenotypes. One must take into account the obvious fact
that humans.exhibit @ natural and normal individual variation in just about
every constituent in the blood. If a constituent is detected by a given method
in one individual and not in another, it is not the method at fault. The
: for Hp from bloodstains has been reduced to 90 min, which
is the same as always used for fresh blood. The next simplification in Hp
phenotyping will be use of one millimetasr thick acrylamide gel slabs and cooled
on one side only. ‘ ‘
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ng of Gc snd Hp by Electro-Inguno-Precipitation (EIP) on Cellulose
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ke cenonsirated that cellulese acetate merbrznes are excellent substrates
for EIP. The ore-dimensional process for "rocket" formation could be accomplished
in zbout 60~80 min using the original Microzone cell and cooling was not required.
For the two-dimensional EIP which is necessary for phenotyping, the original‘

- Microzone cell could also be used, but not with the szme ease as the Nanophore

yhich was de;igned for such use. In any case, the Ge by EIP exhibited a single
rocket for type 2, a double rocket for type 1, and a triple rocket for type 1-2.
Turthernore, the lateral displacement of the individual polymorphs from the

point of origin were equivalent to the mobilities obtained by immunofixation.

The tbtal time required was 75 min and 3 specimens were run on the same membrzne
using the Narophore. No cooling was required. On the Microzone system only one

1 K. st#riko, in Blut, Vol. XVI, pp. 200-208, 1968, J. F. Lehman, Publisher,

Yunich. 1
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| speciren can be phenotyped by EIP,

It sppears that Hp can similarly be typed, but more experiments are
needed with different anti~human haptoglobin antisera.

Since the Gc and Hp have considerably‘different mobilities, it might be
possible to combine-the antiserii then phenotype both simultaneously,

4dditional attempts were made to phenotype Hp by immunofixation. An
evaluation should be available during the month of September.

Simultaneocus systems determination using a single M'setup" ‘ o

- It appears that the 1:200 discrimination capability will be obtained using
the methodologies under investigation. It also appears that with "ideal®
30-day-o0ld bloodstains on cloth, such as}prepared,invthis laboratory and
analyzed by expert technicians, certain simultaneous determinations can be
made. Combinations such as glyoxylase, PGM, and EsD can be done on starch,and
2garose gel containing starch. Gec ang Hp can be done simultaneously by two-
dimensional EIP on agarose gel. On cellulose acetate, 4 systems can be
determined simultaneously when run in parallel. These variants are PGM, EsD,
AX, and ADA. . ~ ~ ‘

Kowever, the patterns obtained on all the above attempts are not nearly .
as cléar and readable as when these determinations are made separately,

At this time we still need three different types of substrates and three
electrophoresis instruments of different design and manufacture,

4 Qur choice now is whether we put together a 3-setup system for simultaneous
“determination that will be regarded merely as a "gimmick" by the forensic
laboratories, and which will never be put to practical use, or whether we

design the most efficient, reliable, economical, and practical system of
~methodologies that is possible with our present knowledge. It is my feeling

that forensic laboretories are morg likely to adopt a system including concurrent
methods that are quick and efficient and yield excellent results, than a
simultaneous system with marginal results, : 4

We must remember that we are preparing this isystem for technicians who
must have specialized skills in the analyses of many kinds of physical evidence,
and cannot devote themselves solely to bloodstain analysis. We cannot expect
them to have the time to develop the expertise to perform highly complicated
procedures of bloodstain analysis ‘or to interpret marginal results. Therefore,

we will serve the forensic laboratory best by giving them the best possible
methods, without sacrifice to some arbitrary criteria. L

In my interim report for the period 10 January to 31 July 1877, 1
expressed my doubt that the needs of the forensic laboratory could best be
met, in the time and with the money available fipr this project, by adhering
rigidly to the requirement that three "setups"Jﬁe used for the simultaneous
Getermination of 211 constituents, for a discrimination capability of 1:200.

I suggest that we consider again my proposal in the last report for a
NWANOPHOR setup, or .that we adopt the modified Microzone system as it is used
in my laboratory. - ‘ ‘ :

e s b P AR

Relative merits of supporting media

A, Fibers versus extracts

During the last seven months we benefited from the best technical
expertise in the use of starch gel for bloodstain phenotyping. During this
period the procedures using starch;gel have heen simplified by shortening
the electrophoresis time and by using smaller gel plates, However, in '’
principle the method did not change much. For each electrophoresis run
@ fresh starch gel has +to be poured and the gel cured and set carefully.

A stainedthread has to be carefully inserted into the gel without causing
too much damage. This requires considerable skiil as uwp to eight or more
individual threads must be inserted In an absolute straight line.

The use of single thread pPeses another question.. Just how representative
is a singlethread when teased out of a stain? Whole blood is not a homogeneous
solution. About 40% consists of red blood cells. When blood is drawn into
2 test tube or capillary, these cells settle out very rapidly. When blood
is depo§ited@onto cloth or any other absorbent material, the red blood cells
may become quickly enmeshed in the fibers, while the soluble portion, the
60% serum, may continue to diffuse outside the visibleﬂperiphery of the stain.
Fibers removed from such a stain may differ in their blood content and thus
reflect variations in intensity for given constituents,

Anﬁextrgct of stain is therefore more representative of the whole blood,
On repet;tlvé“é;aminations, it should yield identical results. In the
cellulose acetate pProcedures only bloodstain extracts are used,

B. Time of analysis

- When dealing with bloodstains, there is no way to predict a priori
the survival of active proteins and enzymes, When electrophoresis must be
repeated because of uncertainties in phenotyping, it would usvally take

- 3€-48 hours for starch gel and not more thé&n 4 hours fop cellulose acetate,
- This should be of considerable advantage, ‘

pE o8 Documentation

The?e.iS'just no way a starch gel electrophoretogram can be preserved
25 an original, so a photograph is required. Polaroid photos ‘are fast and
generally of low quality. . High quality photographs require considerable i
development time, But the gel patterns do not last long enough to permit
the taking of a second set of pictures if the first set of pictures does

Dot turn out well enough. In reality, no photograph is evenr truly as good
as the original. : :

On’cellulose acetate the original patterns are permanently preserved.
There is no requirement on the eriminalist to be either ay expert photographer
or to apologize for bad pictures. '

Very soon a firm decision will have to be made concerning the choice of
substrate for ‘the determination of each &f the constituents,

My recommendations will be based on the above considerations.




TR TR P e

PRnnasiaes

U

Cormmernts

Attached to this report is a copy of a table in an article by B, W,
Grunbsum which will soon appear in Mikrochimica Acta. In this table
20 different polymorphic protein systems are shown to be determined on
cellulose acetaté. The trend towards cellulocse acetate and away from gels
is also demonstrated by the increasing number of papers using the ready
membrane (see paper by Kearney and $tombaugh of the FLI in the July issue

“"of J. Forensic Sciences).

Attached is also a copy of the p:ogfah of the meeting of the Southern

tssociation of Forensic Scientists. The meeting was held in Orlando,
Florida on 26, 26 and 27 August 1977.

The "workshop" again convinced me of the veracity of Aen%épace
conclusions that the criminalistics coamunity in this country needs a
different approach to bloodstain analysis, other than that offered by the
outdated starch gel techniques. I had the identical impression when I
visited the forensic laboratories in Poland (during June) as an observer
for the National Academy of Sciences. ' ’
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Table 1, Polymorphic Enzymes and Proteins Determined by Elecrrophoresis With the Microzone Systems

& ]

A

i i

-

Sy¥

Hemaoglobin (Ib)

®
’

Cellulose acerate

0.25

20

s

{rat

2

Sample Completion Figufc R
" Bnzyme/Protein Substrate - sizc tine Method of in Mcthod
: i {min) visualization ..(l'cxl reference -
Lactic acid dehydrogenase {LDH) Celinlose acetate 0.25~0.50 40 Formazan 1 2
Alkaline phosphatase (AD) +Celluluse acctate 0.50—0.73 60¢ Formazan 2 6
Creatine phosphokinase (CPK) + Cellulose acetare 0,500,735 45 Funm?an 3 6
Phosphoglucomutase (PGM) Cellulosge acetate 0.50 ) 80 Foemazan 4 7
E:‘yrhrocytc'ac'id,.plmsphatasc (BAP}  Cellulose acctate 0.50+~1.0 40 4 Mupb 5 ]
Bsterase D (E:D) 1 Cellulose acerate 1.0 ° 10 4 MUAe ¢ 9
Glucose-6-phosphate dehydrogenase  Cellulose aceare 0.25 io Formarzan 7 10
 {G-6PD) :
- 6-Phosphogluctnate dehydrogenase  Cellulose accrate 0.50 30 Formazan 8 1
(6-PGD) o . R : ;
Adcn;‘?'atc'kinasc (AK) Cellulouse acetate . 0a2s 30 * Formazan 8. ]
Adenosine deaminase (ADA) Cellulose acerate 0,25 30 Formazan 3 1
Glutathione reductase (GsR) * Celluluse acetate 05 —1.0 45 Formazan 9 1
Glutamic pyruvic uﬁrismhinasc_ (GPT) Cellulose acetate - 0,25—0.5 60 Formazan 10 1"
~AGEM— ‘ '
. O-dianisidine 1 1
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‘ Table I, {Cominued) .
B . ' . . Sample Completion _ Figuce
! - Enzyme/Protein Substrate size tine = Methed of in Method
i Al (miin) visualization text reference
;{ i B : ':
{; ‘ Bisalbuinin Ccllulose acetate: 0.25 20 Ponceau 12 i
‘ Group specific component (Ge) Cellulose accrate 0.25 40 IMFd 4 Ponceau 13 11
Haptoglobin (Hp) . Acrylamide gel - 1.0 —3.0 180 O-dianisidine 1
3{ Haptoglebin {(Hpjs - Cellulose acetate 0.5 15 O-dianisidine 14 .
Treansfecrin Ccllulose acetate 0.25 0 © IMFd 4 Ponceau 12 t'fﬁ
= Ceruloplasmir: Cellulose acetate = 0.25 20 IMFd % Poncean 3
P Alpha-1 antitzypsin ~ Cellulpse acerate 0.25 20 IMFd + Poncean 12
’ Lipopratein {Lp) Agarose gel 0.5 —1.0 180 Sudan Black B §
o Lipoprotein {Lp} "Celtulose acctate  * 0.25-0.5 60 " Ozone+ PAS/ 15
. » Al the constituents listed are determined routinely in this tabgtatory, B .
b 4.-Methy! umbelliferyl phosphate. Tl)c zones are viswalized as the fluorescence of 4-methy! umbelliferone. e
¢ 4-Methyl umbelliferyl acctate, The ones are visualized as the fluorescence of 4-methyl umbelliferone,
4 Immunofixation, L ‘ R . B}
) ¢ This methad ysed In the estimation of haptoglobin-hemoglobin binding capacity.
I Perodic-acid-Schif. BT ' ) .
i
'
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S “.SEROLOGY SECTION PROGRAM ;W - - e
SOUTHERN ASSOCIATION OF PORENSIC SCIENTISTS o , .
, ) ' ‘ A b / ‘Southern Association of Forensic  Scientists )
AUGUST 25, 26, & 27, 1977 V4 |
o v : : ya Fall Meeting - 25,26,27 August 1977
() SHERATON TWIN TOWERS, ORLANDO, FLORIDA £ | | |
. ' Orlando Sheraton Tw;ps Towers, Florida
- 7 ;23 7 ~‘<>\.}: o ‘ .
PALM BEACH ROOM - CONVENTION CENTER ‘hursday, 25 August “u
FLORIDA TECHNOLOGICAL UNIVERSITY 4 , ‘
v 12:00 PM - 1:00 PM Registration in Convention Center Lobby
, 1:00 PM - 5:00 PM Workshops Broward Room'’
hursday, August 25, 1977 . . " (1) "Micro-Crystalline Drug
R ‘ . : Analysis"
1:00 - 1:15 PM Introductory Remarks =~ Palm Beach Room Mr. Joe Koles, DLA
Sﬁeve Platt, Chairman 4 Palm Beach Room
3 (2) "Isoel\ctrlc Foc951ng
1:15 - 5:00 PM wOrkshoPs ‘ s LKB Instruments
A. Cellulose Acetate Electrophoresis — FTU (3) “CelluloEe Acetate
Dr. Ben Grunbaum : Eléctrophoresis”
B. Isoelectric Focusing - Palm Beadh Room Dr. Ben Grunbaum
- LKB Instruments e ' .
i , 0 ‘ ' . -, b 5:30 PM - 7:30 PM Reglstratlon in Conventlon Center Lobby |
riday, Auvugust 26, 1977 ¥ 4 _ o
3 . Friday, 26 August
1:00 - 5:00 PM Workshops ‘ . o ‘ :
‘ A. Cellulose Acetate Electrophoresis - FTU 8:00 AM ~ B:45 AM Reglstratlon in Convention Center Lobby
Qﬁ _ Dr. Ben Grunbaum . 39:45 AM - 9:00 aM Opening ©f Meeting - Gold Coast Room
- B. Iscelectric Focusing - _Palm Beach Room (D 900 AM - 9:30 AM - Welcome by William Aa. Troelstrup, Exeontlve
LXB Instruments : 18 e : Director, Florida Deparztment of Criminal
L ; ; » Law Enforcement
aturday, August 27, 1977 i 9:30 AM - 9:45 AM Break
. ' ‘ - : 9:45 AM -11:45 AM General Session - Gold Coast Room
9:00 .~ 9:45 aM "The Concept of Assertive Testimony in ) F® .e (1) “summary of Garrison Case" .
Serology Cases" - ) . . 2. Ray Berd, Arthur Hume
Richard Tanton, Palm Beach County Crime i (2) - "Operatlng Principles of Color
Laboratory, West Palm Beach, Florida . < Xerox™ o
, ‘ : S Jim Kelly
9:45 ~ 10:30 AM "New Methods in Haptoglobln Phenotyping" I  11:45 AM - 1:00 PHM Lunch
: Kewvin Nooplnger and\Rodger ¥orrison, i 1:00 PM. - 3:00 PM Section Meetings
FTU Forensie 'Science Program, Orlando, ) 3:00 PM - 3:15 PM Break .. - - 4 ‘
Florida ‘ . B 3:15 PM - 5:00 PM Bus;ness Meeting - Gold Coast Room
, 4 : : * 6:30 PM - 7:30 PM Bappy Hour - Lake Osceola Room
10:30 - 11:15 AaM "Making Your Own Acrylamlde Gradlent Gels i 7:30 PM ‘ : Banguet - Seminole~Orange Room
‘ . for Haptoglobin Electrophoresis" ‘ e ' : N ' ‘
Jan Estes, Terinessee Crlme Labmrato:y,’ }® saturday, 27 August
Donelson, Tennessee ‘ SN ] - ; ' ‘
, , - f  8:00 AM -10:00 AM Section Meetings .
11:15 - 11:45 AM "Group Specific Component(GC)~ Appllcatlon . 10:00 AM -10:15 AM Bredk i
i v of the Grunbaum Immuncfixation Procedure £ 10:15 AM -~ RNoon- Section Meetings
& . and Observation of a Possible Rare (GC) . f~ 12:00 Noon Meetlng Closes
variant” ‘ iﬁy . ‘
Jim McNamara and Rodger Morrison, FTU Forensic 1 e
Sc1ence Program, Orlando, Florida ‘ & ‘
AR
11:45 -~ 12:00 Noon “Roundtable Discussion Topxcs : - 2
: L A. Origin Ceterminations - Anti-Sera Problems ,{@’ B
B. E! ectrophore51s Problems : ‘ . :
@ P e M SRR IR T T ;;;:,w;;‘;:ﬁx;:;,:m.«,;,«:i.-ﬁ, et N — P Rt pa j’w”‘MMWMW_MW;‘\ i
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) ﬁ Cnfg epte méer 15, 1977, 1 requested certain modlflcatlons in tue Technlcal
-)i,j-, R 'f; i
. 7 o ! ] ’_0&u1wenents of the subcontract to permit some possibility for a usable
T ‘ﬁﬁ d 7 Floodstain Analy51s System. (See letter to Jack Walsh, ATO Beckman, Sept. 15,
B X 3 1977), "As yet those proposals havéahot been negotiated, The followxng report
- TO: - Advanced %gchnology 0peratlon
. e Beckman If¥truments Inc. : g‘ves deualls of “the progress of work according to the subcontract now in
1 - Anaheim, California , ‘ S
Attn: Mr. .John Walsh e;fect, and\also explores possibilities for developnent of a more effective
¥ Eloods;aLn Analvsms System. I want my recommendations to be clearly on record.
/“\\\ j‘ }‘et‘uodol ogy
31‘?- INTERIM PROGRESS REPORT R
& - | 1 through 30 September'1977i . " 1 on major lmpPOVEHEDtS in methodology for typing Hp and GLO I have been
A | e é f' accompllshed during the month of “September.
N ‘ : ’ ' ' o - : ! ‘ e EE} U51ng a Nanophor type and 512e gel plate, several 6% acrylamade gels
B S ‘ : R | (non grudlent) are easxly prepared for use the same day or on subsequent days.
///‘ ‘ L '
2 . ! §j &, The gel thlckness is 1 mm. At first blood samples were placed with a flne
- ”&‘ ~ "2»‘ |
- cnp’llary plpet into slots that had been cut in the gel. Later, we found it
T
L )
& : possible to lnject 8 samples 51multaneously into gel by means of a Beckman
J ;’:‘\\’ 1{ ;
- P Instruments Inc., 8 sampme plastic applacator.' This is not the best sample
appliﬁation method, it~proves quite adequate, The present plate will accom-
ﬁ- Subcontract: = Z-847%05-6 L ~modate 12 samples, R o : ' ' i
) Subcontractor: University of California : g : S ' ; ,
Berkeley, €alifornia 84720 In a number of experiments, we tried a range from no cooling at all to
“Submitted by: - B.W. Grunbaum : ; . ; i
& : . » D PplnclpaL Investlgator ; A coollng &t about 5°C, "The best separatlons are obtained by coollng with tap
- ‘ i s . ) ’ . I Vs 17 w)
i { " i / +
. B water,. whlle e1ectrophor851ng fbr HS to 60 mlnutes. It was also found as
;f : j fj eypected that sgalnlrg time is consxderably shortened ThlS ¥s becanse of the
g - ‘ . | reaqy penetrat;on of the o—dlanls;dlne stain 1nto the 1 mmn gel as compared. to
N o , \ =
: / B the,nare of penetration: into the 3 mm gel wh;ch is Lsed %lth the Beckman
S B S ' ;QFJC“QZORQ system. The longer stalnlng time is’ requ1red when using the Beéknén ~
’ < B >
ébﬁ” N S SRR ST {;’ ~ =ys‘em bbcauSB the spec;men itself runs ln«the geometrlcal center of the gel
N RO o | ' 30 September 1377 . .
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insulated with about 1 mm clear gel on each 53 de.

aznd s 2

Also, because the

g@h; c_iiznisidine is mot readily soluble in aqueous media, the amount of stain
s c-ciand : , amo

.

penetrating through the gel becomes smaller as it reaches the center of the
gel. The.total analysis time for gthas now been reduced to approximately

& N
90 to 120'minutes, as‘compared to the 16 hours needed for the Hp methoé described
in my progress report to Beckman, January 10, to July 31, 1877, Immu96;
fixation on the thin acrylamide gels for Hpvwas also shown to be successful.

GLO-I. A new method using 6% acrylamide gel in a nanophor type and size gel

iRy

plate, proved very satisfactory for the clearcut separation and typing of the

three common variants of GLO-I. Both fresh blood and bloodstains have been

used. A few minor technical problems will be worked out with the availabiiity

3

of proper gel cutting sample application tips. As with Hp, this plate will also

carry 12 samoles.
NOTE: This labo”atory has been and is engaged in methodology development for

o

genetic varlants apart from the Bloodstain Analysis System (BAS) sub—
contract. It is difficult sometimes to separate which research is done

Generally, since other developmental progects are o

for which project. o

much more extensive and have been going on prnor to the BAS Prcjert,

~ the latter is in a position to benefit from the research results. The : ,” i

methodolpgy‘reported‘here on Hp and GLO-I falls into this category.

'ST’ULTFNFOUS ENALYSES

Deveiaament of Setuvs

In accord with a ‘strong recomnendatlon from Beckman ATO,” all Bloodgfaln

’».1\_ N . -

&;
rna15515 Progect effort in thls 7aboratory has been concentrated upon use of

starce h gel-agarose gelffor combiﬁed analyses. The blood conSfituents which‘

ve betn selected for analysls have, been grouped for probable compatlblllty 1n,:;

z three setup system‘ The flrst group, P&, EsD, und GLO-1, can now be

O s

determined simultaneously on a single elecrophoretic substrate plate.

With the

{ "econd group, EAP, AK, and ADA, several problems remain to be resolved. The

third proposed group would pair‘Hb”and’Gc. There is some doubt that it will
be possible to work out ausimultaneousédetermination of these two proteins on a
SLngle seTup An alternative would be to determine these genetic markers

sencrately, which would, of course, require an additional setup. See attached

3:

ﬁepopt by Brian Wraxall.

Svstem Development

Should the simuitaneous ahalysis for the eight selecteq genetic systems

~

in bloodstains prove feasible on three or four setups, it will be necessary to
start, at once, to integrate equipment, reagents, instructions, and associated
materials into a workable system for the feasibility demonstration tests.
According {; the centfact (Task 5.2.2-System Developmenf) it is my responsi-
%fﬁbility to reccamend equipmentffor this stage of the Pbojects which will be
provided as CFE, Earlier this month, I requésted three Nanophors, but have
had no response{ I will need ei{her these instruments or three Microzone ;
units modified to my specifieations in order to proceee with System Development.

As soon as this equipment is evailable,'this laboratory will adapt the

first setupv(PGM, EsD, GLO-I) for simultaneous electrophoresis on one of the

units“y £ and when the other setups using gels are worked out, they too will
J:be integra;ed into the system. ‘
When the eEuipmenf becomes available, I will also test‘my hypothesis {hat‘
surultaneous analyses of several polymorphlc systems are better when ‘overlays

llel rather than perpendlcular to the electrophoret;c axis

\\

\\\

(See Mecu,ee_ This innovation should avoid some of the dif-

B

T

posal)o

. ficulties that a.ise bQC\L se of inconsistency in the ouallty of gels.

(\

i\‘ :~
It is difficult to reproduc the exact cons;stency of gels from batch -

TR
e

‘This is péfeigularly t;ue with agarose gel. iR

NI

10 batch (See Gruntaum, Ref. l)




vIt is possible that it will be recognized that the Aerospace Technicai
Reqéirement of "three electrophoretic subétrate plates and no more than thf;e
cells" is not really practical, will compromise the other technical requirements,
and will ndf serve tﬁe“begt intere§§s of the fo?ensic 1aborator§. In such an
eventuality, it would be advisable to be able to offer a bloodstain system that
is superior‘to the propcsed starch gel-agarose gel methodology, and which holds
pfomise of better f;lfiling all Technical Requirements except the three
"setups.“

There are several arguments in favor of the new methods. First, the confir-

mation tests (Monthly Progress Report BAS, September 8, 1877) clearly demonstrate

that tﬂe newly developed methods for bloodstain typing using cellulose acetate
yvield as good results as the old-fashioned methods using gels. Secondly, it is
now poss ble “to perform all these tests using only two kinds of supportlng media.
Acrylamloe gel will be used for GLO-I and Hp, CAY will be used for the six
others. Fianlly, the new methods will better meet the over-all contract re-
quirements.

Two approaches suggest themselves: (1) A‘single Microzone cell (modified)

may be vsed as shown below:

Bands On

Grder of Enzlysis ~ Substrate - Elapsed Time
Sample Preparation CAM 15 min. 15 min.
PGY L 15 v 75 ©
 EsD | " 15 " 60 %
Bk~£D4-EAP S | 25 o g0 M
(simultaneous) ' v i
GLO-1I herylamide 30 150 "
: - gel o
Hp-Ge woo 3y w120 M
(simultaneous) L
Total tlme - 135 min, 480 min.
(2 h 15 min.) (6 h,)

@

recent paper (See rqf. 2) desceribing such research concludes with the following

be visualized.

,SPreevwng test to obserwe b351c enzyme varlants.“ Would it not be better to

' condlglons?

imperceptible varying amounts of trace contaminants may radically alter

4

electrophoretic patterns as a result of electroendosmosis, which is difficult

to control. There is &lways the possibility that overlap and too-close margins
i 5
( ,

will result in loss of*bands when phenotype pattérns are determined in the

,perperdlcular fashion CSee Beckman'%uHonthly Progress Report, September 8, 1977).

1

Thus it is likely for Laboratories using agarose gel from different sources to

H

obtain conflicting resuylts on the analysis of the same bloodstain specimen.

The bloodstain wiiﬁ be placed in the gel wifh appropriate standards on

#ither side. Since the proposed setup can acconmodate 12 samples, it is thus

possible to arrange for the 51multaneous analysms of PGM, EsD, and GLO-I

 {or any other group of@three determiners that can use a common pH and buffer).

At the end of electrophhresis, the overiays with appropriate substrates will be

placed parallel to the glectrophoretic axis of each variant and there is no.
. o < . “

possibility of loss of information due to overlapping orfailing to cover any

[}

of the bands, regardles%~of the quality and makeup of the gel.
Very little has be@n reported in forensmc literature of any research

attempts at smmultaneous electrophoresis using single “setups." However, a

i i . . . ¥

remar?s-

i
"There are several precautlons which should be stated when dolng multiple

_Flrsg, there are the considerations of pH and jonic &trength
which-are not necessavily optimal for each enzyme studied.

€NZyme SysTems.

Second, in any

multiple enzyme system, {he rarer variant banding patterﬁ of any one of the
L

)tc the develooment reglon of a second enzyme will not

enzymes that overlaps }
' \

H

Thus, mu}tlple*enzyne systems might best be used as a rapid

V
\

analyze ‘or s;ngle CODSTlEUentn‘lD the first place and do it right under optimal

4
u ‘
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It will be very easy to repeat, if necessary, any bn% or all of the

analyses within the time limits allotted by Aerospace requirements. (2) Using

two or three cells, it is obvious that speed of analysis will be increasea,
and more flexibility will be afforded
8
This approach has recently been tested as "Technology Transfer" during a

workshop sponsored by the Southern Association of Forensic Scientists. See

zttached letter from the US Army Criminal Investigation Laboratery and my reply.

i

Comment

By the time the final report of the BAS is completed, the arguments
concerning the use of starch gel vs. cellulose acetate may be irrelevant. It
is now known that separation of proteins in a linear pH gfadient produces an

unusually high degree of resolution by separating proteins according to their

b * g

isoeleckric point. Electrofocusing on polyacrylamide gel, not only results in
many more electrophoretic zones, but each zone is highly concentrated as an
inhérent feature of theﬁtecﬁnique. Thus, for instancey in the’EAP system,
Xaczmarek, (see Ref. 3) usi?g a highly fufified enzyme, showed 21 iscenzymes
ipr §'giv§;‘$henotyPe, while conventional electrophoresis shows only about two
8;‘tﬁree (so called primary, secondary, tertiary bands).
6sing igoelectrqgoéusing for typing the common PGM variants, Bark et all
- (see Ref. 4) demonstrated 10 ﬁew variants. 'Théy thus increased the discpimi-
nation prdbaﬁility of PGH from about i in 2 to 1 in 4 individuals. This is of
tremendous significance when examining bloodstain evidebce. Grunbaum in 1875,
(see Ref. 5) working wzth drled bloodstains found about 60 bands (zones) after
» Jsoelectrlc focusmng.‘ .

would" ma?e it possible to determ1ne 5 to 10 genetic svatems smmultaneously.

Subsequently;Burdett and Whitehead (see Ref. 4) reported simultaneous

On the basxs of this flndlng, a system was proposed thch{

2

g R e e R e e

separations of several polymorphic systems.

It should be noted that in the Beckman Technical Proposal, Part II,

‘cellulose acetate using the unmodified Beckman Microzone cell.

. D.M. Neilson, R.C. Shaler, W.C. Stuver, C.E.

Electrophoretic Bloodstain Analysis System, pp. 11-14, the proposed general

aéproach recormended the evaluation%of-the technique of isoelectric focusing
By

to determine its potential for metgzgologic simplification. It is unfortunate

that Aerospace chose to delete all studies related to ﬁhe use of isbelectrgc

focusing for electrophoresis. |

The Beckman prcposalfglso included an approach for the definition of

“markers" which would>indig§te whether component$ ﬁad seriously degraded (p. 17).

. herospace deleted all enzyme marker studies'relatéd to determination of age of

stain for ascertaining whether the stain can be easily analyzed by electro-

phoresis. Independent of the BAS, this laboratory has carried out the marker

sysfem studies, with useful results. Using the hﬁghly sensitive and specific

S
U'

elecLro—lmnuno—prec1p1tatlon method, it is poss_ble to assess the relatlve

amounts of Hp and Gec remaining in a bloodstain. This test is carried out on

If no Hp or Gé
shows up in-these tests, phenotyping by electrophoresis is probably of no use.

1F, on the other hand, Hp and Ge are present to any extent the chances are that

the‘stain is' relatively fresh or well preserved and warrants the complete

analysis for all variants.
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'‘DEPARTMENT OF THE ARMY ,
UNITED STATES ARMY CRIMINAL INVESTIGATION LABORATORY~CONUS
FORT GORDON, GEORGIA 30905

s

. CIRCL-CT :.20 September 1977

Dr. W. Grunbaum

Building T-2251

University of California Berkeley
Berkeley, CA 94720 '

Dear Dr. Grunbaum,

The workshop you held in Orlando at the SAFS meeting was most informative.
The other serologists in this laboratory and I are anxious to try as

‘Rany enzyme 'systems as possible on cellulose acetate membranes, and our
Beckman Microzone system is now operat*onal. We have reagents for EAP,
EsD, PGMN, G 6~PD, Pep A, AK, and human semen, and would greatly appreciate
copnes of your procedures for these and any other systems you have
oeveloped

P

K , ‘ ‘ \ Sincerelys
i il ' 4‘- Qs f/ ‘;v ’” LA~
VIVIENNE S. 'STOPPER K

. - Forensic Chemlst
Serology/Trace Evidence Section
- Chemistry Division
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UNIVERSITY OF CALIFORNIA, BERKELEY -
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WHITE MOUNTAIN RESEARCH STATION
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Ms. Vivienne S. Stopper 2
‘Forensic Chemist

BU]LDHNG T-2281
. ; ‘ BERKELEY, CALIFORNIA 94720

ol _ 23 September, 1877
" ‘ 4 ‘ )

Serology/Trace Evidence Sectlon Coe
Chemistry Division :

Dear Ms. Stopper,

Thank you for your letter of September 20, 1877. Under separate covermI
‘zm sending you copies of my. procedures for EAP EsD, PGH, Gc, &nd G-6~PD, for
vse with both fresh blood ‘and dried bloocs;a*ns. The other procedures you
have men;wOﬂeo are still under development. . [

I zm most interested to learn that you and the other serologists in your
lzberatory are planning to try the determination of enzyme systems on. cellulose
acetate. THe methodology under cevelopment in my leboratory’ is of value only
if it can"be leazrned easily and put to good use in crime laboratorles. I
woulad very much sppreciate TEbElVlng from you an account of your successes and
difficulties in use of these procedures. I would also welcoms any suggestions
you may have regarding proceduves and, especially, how to midke workshops more
effective. :

It is my feeling that the workshop in OrJanco was hardly more than an
lDLTDdUCthD to the CAM procedures, and that those in attendance can not be
‘expected to use this methodology without further instruction. I would be
interested to know 1f you run into any dlIflCUlTleS and would be most willing
to help you'work out any problems, ~

1f you, or auyone from your laboratory could arrange to visit us here in
ueh}eley for & few cays, you would be most welccme to become acguainted with
the work we zre doing here and traln in the methodology under our instruction.

e

P’ecse let me know 1f I can be of any further help.

3 B -
»

e ) .

Sincerely Yours,

:@-‘7}(“..,&7('

! ;
Zenjamin W, Grunbaum, Ph.D.
Fesearch Biochemist

st
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Elooéstain Analys:s System Projcct
Mult;svstem Status

€

i o , " 23 September, 1977

ts stated at the last program review the work on Multisystem analysis
falls into three groups. . .

9,

. m ‘
I. At pH 7.4 PGM, ESD, GLO I
iI. At pH 5.9 LAP, AK, ADA
111. At pH 8.3 Hp, Gc

GROUP 1 i

T Tnis sys;em has been conducted mainly on starch. The electrophoresis is
cerried out in approximately four hours after which ESD is the first to be
cdeveloped. The results are read and photographed followed by the development
of the PGM and GLO Systems. There is no overlap wivh these two systems and all
rezre variants can be seen. Subsequent work with zgarcse showed considerable
promise. The addition of starch was necessary for the development of GLO
so this was 1ncorporated into the gel at 2%. Working with this system,
elec;roph0“351s time is reduced and there is considerable xnprovement in the

paration of the GLO and ESD isozymes, “There is no reduction in the separa-

tion of PGY. Approximately 65 electrophoretic analyses have been conducted to
detect this <ombination of systems. 1 to 4 week old bloodstains have been
analysed in this group, the majority of which have given readable correct

kre$u1ts.

o Problem Areas

There are very few here. The limits of use need to be determined
on the following: 1. The amount of starch
‘ 2. The GLO reaction mixture
3. The ESD reaction buffer

Conclusion .
This group will constitute the first set-up.

GROUP. 11 :

This system has 21s6 been conducted' ‘mainly on starch although it is hoped
that it will eventually be used on agarose or agarose/starch. Citrate-phosphate
buffers have been investigated in the pH range of £-6.5. There has been a
significant improvement in the separation of EAP isocymes and a small improved
ment in the resolution of AX isoczymes. In the original system ADA was upsatis-

factory in its sepcration. An lmprovenent has been noted in other buffers
(eg pH 5.5) and work is continuing in this direction. Approximately 20
anzlyses have been conducted using this combination with many more being
ccnducted on an individual besis us;ng different buffers.

Problem Areas : e

1. The ADA reaction mixture is giving continual problems vwhich 1§ elther
due to impure chemicals or to the reaction be;ng conducted outsnde its

‘ ph/nolar conc. range.

2. There is a slight overlap between AK and EAP: where the rare variant
kY. 2-1 may be micsed. This may be overcome by a change in pH or by
developing the isozymes se*#rauﬁ;y. . .

3. The individual enh,mes have ‘dif. erent sensnt1v1;1es to reducxng agents»

5 which may cause problems.

Conclusion , ,
This group has great promise and will form the basis of the second

fl***‘*GROUP I1I

This group is the most difficult and requires the most work. The flrst
_epproach was to detect both proteiﬁb by antigen-antibody crossed electrophoresis
(AACE). The results are very encouraglng Wwith all types of Gec and Hp being
separa‘ed Rowever, while the senarqglon of Gec is excellent, the Hp pheno—
wypes (due to very'llt*le charge differences between them) do not separate
very well. There is also a certain amount of manual dexterity required when
using this system.

The second @pproach now being conducted is to try to separate the proteins
on scrylemice, detecting the Hp with o-tolidine and the Gec by imnuno-fixation.
There are many combinations of buffers and acrylcmlde concentration and so it

smay be some time before the right comblnatlon is found.

It is pcss;ble to pHeno;ype both Ge and Hp on acrylamide using serum
sazples but on stsins there is an excess of Hb which tends to mask the banding.
fppreximately 20 anzlyses have been conducted on acrylamide and about 12 by
LACE, ‘

Problem Areas

1. Using AACE there is an interaction between the two antisera. Antisera
from different manufscturers can be tried.

2.. F\nclng the right combination of buffer and acrylamlde concentration
vwhich will enzble both Hp and Ge to be separated.

3. The excess Hb which occurs in bloodstzins causes serious problems in

- Hp typing.

4. 4s mentioned earller Ge protemn is unstable and thersfore it will

probebly only be detected in 50 to 60% of all bloodstains.

Conclusion

The group has promise but it reguires a great deal of work before a
Gecision can be made. However, if this combination does not work then
individval systems can be used, but it would require an extra set-up.
OVIRALL CCRCLUSIORS

Seven stains sibmitted to the laboratory from the Forensic Biology Study
Group were znalysed by MNultisystem andlysis. One applicaztion of stain gave
correct results for all stains in PGM, GLO I, and.ESD. A second application
geve correct resuvlts in EAP and AK. Analyses for ADA, Gec, a2nd Hp were not car-
ried out. ’ ‘

Multisystem znalysis bas a very high potential in this program with a
very good pessibiiity of being able to analyse four week old bloodstains with
a2 discriminztion probability of 1 ip 200 using only three set-ups.

Brian ¥Wraxall
B - Beckman Consultant
FE Bloodstein Anzlysis Systen

V// o , : . o Project
ce: ankaum “
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. o 20 July 1977

Fr. John Walsh

Director, Life.-Sciences
hdvanced Technology Operation
Eeckman Instruments, Inc.
1630 South State College Blvd.
Anzheim, California 928086

Déar Jack:

I .am wrltlng in reference to the meetlng on the B’oodstaln Analysis Systenm
which took place at the White Mountain Research Station in Berkeley on June 20,
1877. As principal investigator, I expected a copy of the minutes of this
‘meeting to be sent to me by the Aerospace Corporation. Although this has not
been done, I have seen the copy sent to Del Re and Harmonr.
: The, mlnutes lndlcatp that five representat;ves from the Aercspace Corp-
oration were in attendance, Five Beckman people were listed as present,
including the two consultants, Brian Wraxall and Mark Stolorow, who are working
as guests in my laboratory. Ihe UnlverSLty of California was represented by

two technicians who work part-time’on the Bloodstaln Analy51§ System project
at my discretion.

I wish to mdke several corments regarding thls meeting and conclude with
a request.

v

1. This laboratory was not represented at the June 20 meetxng. In rextro-
spect, I feel that any Aerospace-Beckman-U.C. meeting should have been poﬁtponed
until my return from Furope. Benny Del«Re and Gary Harmor,.who attended the
meeting, do not have the authorlty to represent either thls laboratory or the
University of California in a meeting of this kind. They are technicians
employed by the ¥niversity of California who work under my direct supervisions

. and spend only part of thelr tlme on the Bloodstaln Analv51s System program,) i
at my dlSCPE*lbn.¢ : , : ) | A W

ol

2. Accordmng to the terms of the subcontract between the UanQ“SIty of
California and the Beckman Corporation, it is the respons;bmllty of “the
University laboratory to select the methods t6 be incliuded in the Bloodstain
tnalysis System. It is Beckman's, responsibility to test this system after it
is presenued by the University laboratory. 1 was aetounded to readkln the
Minutes that the two Beckman consultants had announced decisions conhcerning.

. ne;hodology. As onie example, Brian Wraxall discussgs cbnelusions regardlng
©the various substrates. They have not produced sufflclent eyperlmental
. evidence to support such dec:s;ons. I must go on record as saying that I do
"not sgree with the statements that these Beckman consultznts have made. 1 Dust
cballenge their right to nake any decisions in regard to methodology. Theixr
opinjons are welcoche, but th @ final responsibility rests upon me, as principal
mn»estlgatcr and representative of the University of Callfornla.Aq

o
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| In feferTnce to the official minutes of the Bloodstain

. Alectrophoresis Frogram Review that was held at the White
.ountain Research Center, University of California, Berkeley,

Mr. John Walsh 2 : 20 July g

It is my opinion that any comnents and evaluations made by Beckman consul-
tants should be made freely to the proper Beckman representatives, However,
{ "™ reports to Aerospace should first be cleared with both the University of

, California and Beckman. ; | } 50 June, 1977- , |
. ° . £
3. TFinally, T must protest the "flap" regarding the Nanophore. According ﬁ“ First, I request that it be put in the record that Jince I
to the agreement between NASA and LEAA, two Nanophores were to be left in this . novt ’re-sent ‘and had delegatgd no one to take my place, the
laboratory for four months, and one of these was to be left bere for an addi- " »:a§ ‘ il‘z as subcontractar was not represented. o
tional seven months. Before I left for Europe the methodology usipg cellulose : Unlversity, ot
b acetate membranes was thoroughly tested on the Naquhom. * As you will remember, : z | : S{econ‘dl}' I feel it sppropriate to remove from the minutes
I presented some of the excellent results at the Aerospace-Beckman-U.C. meeting v ¥ tein rem:;rks by Brian Wraxall concerning a sample enalyzed
here in May. The first unit was returned to NASA at their written request for - R 1 ;:r“art of =n OCJP project. As Mr. Wraxall is not involv
additional developmental work just before my departure. It was not needed in 14 in J;n)‘ way in the OCJP project and does not have my authoration
the leboratory. While the unit remaining in the laboratory was not equipped to enslvze OCJP samples, his remarks to a joint meeling o
for use with cellulose acetate, it was ideal for use with starch gel and other i 'ero':p&ée gend Beckman represent a violation of the hospitality
B gel media. I had requested, and the two Beckman consultants had agreed to test T & ;I‘ this lsboratory. Further, his comments and conclusions
" the starch gel methods with the Nanophore during my absence. They did not do so, 4 4 sre incorrect, misleading, and show a lack of understanding
but the reason was ‘not that the Nanophore was not available. ' ' ‘ o; the way in’whiCh 0CJP dats sre handled.

I am requesting that you set the record straight with'th&fAerospaét‘Corp—
oration. First, nothing reported at the June 20 meeting by the Beckman
E consultants is to be interpreted as authorized by me, as director of this - & T
research, or the University of California as subcontractor, Secondly, I B :
ebsolutely: disagree with most of the findings of the Beckman consultants and
I challenge their right to mzke any decisions regarding methodology.

§ 2 At this time, the work in this laboretory is on ‘4chedule and is progressing I ; st
S in a highly satisfactory manner. I feel that it will be in the best interests ‘ D
of the University of California and of Beckman that, in the future, we resolve :
differehices of opinion prior to any meetings with Aerospace., It is understood |
that I take full responsibility for decisions concerning methodology. It is in o
Beckman's interest to make it clear that their consultants are serving as !
& advisors, not decision-makers. N
I will be interegted to receive your response to the thoughts I have O IR |
expressed in this letter. EIspecially, I hope that we will be able to present ;
to the hAerospace Corporation a clear statemﬁntlj./regarg}jng obligation and respon~-
sibility, and that it be clearly understood that I do mot in any way endorse i
& the findings and conclusions as recorded at /g:”he June 20th meeting. o
: . 7 o ' . . ST Rt
, )
Sincerely yoturs, o % . s s ‘ .
e - R | | RE
_ : SR B. W. Grunkaum : ‘ : )
EnG:emn - . R o e S ; N
. - . ) "‘ 3
€ by ® )
T ‘ 8 .
. / / :
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] 144 J0R TAS¥S - SYSTEM DEVELOPMER o
, “ o o R \ |
. E oK IVI AN® 3 3 1. Run confimmation tests.
%ﬂ@ ' t:E‘E‘tmuunsmuunnsmc g 2. Review substrate selection.
s A [l . : 3 %w i - ) i . ] | /
= :::?:i::%s:giﬂsa?!::? [Ys:.:fvz::?::mzm,cuitorni- 52806 - Telephone: {714) 634-4343 » TWX: 910-592-1260 + Tolex: D6-78413 # 3. Review system variables. : /
} : = ‘ ) ‘Establish groups of constituents on: ’ﬂ/} ;
- s o £ . Stareh o | § E |
Y § cay W ‘. . “ *
b Acrylanide -
. : v 3 Agarose
o August 18, 1977 ‘ ~ . iy 4. Establish limits for process variables..
o ,»::‘ ) R ‘ . . pH «
i \ \ e ¢ = ; . Buffer Composition - <
University of California : | - R ’ | | Separation Time e -
White Mountain Research Station ’ - . , ~ Separation Distance -
£ Berkeley Campus, Bldg. I-2251 ' O : ... Voltage/Amps >
Berkeley, CA 94720 : ' ; ' 5. Review data and select compromise values for the process variables
. . : for each group of constituents. ‘ -
L Attention: Dr. B. W. Grunbaum . T L . . . .
: , & : ' R | 6. Run a series of tests with each group to determine ability to achieve
. Dear Ben: © ‘ : ‘ _ ' ‘ - ~ ‘ ;accurate phenotyping. :
; : : . oo : v s £ vhole Blood . i
I have enclosed copies of the work plan we agreed on at our meeting o ‘ : e Stains , _ : ,
‘ August 16 As we have all recognized it will be necessary to use the _ L | : ¥ . ’ ; : ‘ .
‘ © 1imif®d time and manpower most effectively if we are to solve the ; S o ‘ : : | =
- formidable problems remaining on this program. ; ; o . e ,
C , . R ; L 0 TYPICAL SYSTEM DEVELOPMENT LOGIC NETWORK
: , " Identifying and assigning specific tasks to members of your team will ¥ A e |
s assure that proper priorities are established and progress easily ; : | :
Lo monitored. 1In any deyalapmegt projec?, ?he‘unexpecte§ mist be accom® Select Group, Constituents
: ‘modated. I suggest we do this by reviewing and updating the task , - Y o o
- assignments on a weekly basis... . o ‘ ‘ - o ‘ . , EXP1°?3 P Ay riations
€ L : e ' o i () , B " ' Select Common pH
I am pleased with the spirit of ;cooperation and dedication which is : e » : : SR e np ; h , !
being expressed by you and your University employees and our consultantg%: L o » ‘ R ‘ Arbitrary o e : : j
Mr. Wraxall. I am confident that your combined efforts will be success~ LT ‘Selections o ; ' ; _
ful in meeting our program objectives. B : Review Buffer CoéﬁoSitions o Fr &
Sincerely, , - , L € : ; , Select“Common'Buffert : o ?
b | ' ¢ 5 ' ‘ : e : « * Select Common Voltage A : S8 §
: A N i : : (_qv ) . N B . ) . . . . E . . . G R
b ; ‘ e ' : ’ /7f4 « _ R « , L L3 Goup Testing - Whole Blood
Y ' : Jean Bordeaux R % ' ' : : I e taad t
oA - : . ' il . : ‘ o : Empirical ;
3 , , o - ager, - : e : ‘ « o
i (::; : . k Program~nan & ' . ! ) £ E o ; y - g : Ad_‘]US tments
R o " JBigw . : e T L : , R (& L , : : B : A e
‘& Lo o ! : o : : e o ‘ G . - SR e , Confirmation Tests - Whole Blgod R
5 , ~ ee: R. Shaler T ) L o - o S » ‘ SRR .+ Aged Stain Testing £ /’ o L S % E
i ‘ ‘ The herospace Corporation : i BRI s S < ¥ S
e N ¥ ‘ . “ Optimization ~ -~ } Py 5 , E :
; : : B. Wraxall ' ‘ S Lo ERR L . Y A T S
= . BII Consultant at UCB JO o : Blind Trials -/Final Systéms o ;
I i . B ‘ i B . . » i - oo u» ’ : . : . o ! . : ) . L //7}/
. i Enclosure ! B 5
: P 0 ;
* b S e b
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= eckman‘ INSTRUMENTS, INC.
g : v : 7 Time

S i Tasks . Peonle Start omoletg;

il <
‘.g 7 ADVANCED TECHNQLOGY QPFRAT]ON"

1630 SO, STATE COLLEGYE aLvD,, O\NAN [lN CALIFORMNIA BIOOS » TELLPHONE; (7214) €34.4343 ¢ TWXK: 910:992-12080 ¢ TELELX; 08.708413
. ; H
Lonfirmation Tests  Brain, Gary 8/15 8/19

/
i

“ . September 6, 1977

Review Substrate Selection - o Ben ;
: L v
Establish Constituent Groups Ben - 8/19

i - Trip e , Ben | 8/22 . 8/29°

!

B. W. Grunbaum, Fh.D.

University of California

Building T-2251 /

Berkeley, California 94720
‘Dear“Dr. Grunbaum- : vf' ' g' : ‘f’1i~'

!
il

Group Analyses

1.. PGM, AK, EsD - CAM . Gary. . 8/17 - 8/29
2. EAP, ADA, GLO I - Starch ~ Brien | 8/17  8/29
3. Hp, G - CAM ~ Ben < 8/22  10/15 ]
- Agarose T ’/B"rian : 1.R, 10/15 »
v 7 ”“4., Other Groups‘IBD‘ : N * Bem " | ‘-19_,‘/1 ' |
g o - (PGM, EsD,; GLO I) o B

| (EAP, AK, ADA) ‘ S | A

(PGM,.EsD, AK, ADA, EAP) S 5. Rt

5

A great deal of effort has been expended during the System Deflniw ‘
tion Phase of the Bloodslaln Analysis Program to study and seleckt
optimum media for the analysis of aged, dry bloodstains. For
= most of the analyses, two approaches have been considered in
parallel -- the use of ?tarch gel and cellulose acetate.
Our program schedule dictates that the System Definition Phase be
concluded o permlt focps of our attention on the System Develop-
ment Phase. It is theyeFore necessary at<cthis time to select the
_approach offering the #reatest promise ‘of meetlng contract- objec-
Mmtives . : R :

P
L TN

~Your past and current ;ct1v1t1es demonstrated the adequacy of
cellulose acetate for the analysis of fresh blood. We have great
dodbt, however, that aﬂl contract objectives can be satisfied”
using cellulose acetate without significant addltlonal effort.

oy

On the other hand, we [feel that acecuate ev1dence has been pre~
sented to show that the starch gel- agarose gel method for combined
. ; » L | : i g analyses offers great prcmlse for the isoenzymes under copsider-

i A o A ' o ; : . R R ation -- GLO-I, PGM, EsD, EAP, Ah, and ADA. Blind trials demon-

8 ‘ , S - ‘ e : ; » S strated that starch gel was superior to cellulose acetate for

L : : ‘ ; o ‘ T ; D some of these and at least equlvalent for the others.kf : o

pgr e AR

LA
By

Jﬁ Y . e R : e o e Y R It may be tnat ‘continuation of the System Deflﬁ«tlon Phase woulﬁ
A ‘ g o ' R : B : ST result in a cellulose agetate based system that would be superior
7 g ' : : ~ : iy - R to one based on starch gel. However, the severe fundlng limita-
Ay ' ' IR B ; o ~ p  tions preclude this.course of action. Continuing investigations
: / RN : , 4§ - f7  into the use of cellulose acetate for the analysis of the above
_ : G TR " : ; > } 1soenzymes constltutes a diversion of needed respurces from the
s , “ i Lo C : {  more promising approach, and we strongly xecommend dlscontlnuﬁtlon
A ‘ o kNt : TS SR PRISE RS : o . of such studies now . ‘ : ,

5 ods,
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,ellulose acetate is

still a candidate
usingAimmunofixatio

- Bl L e e L et S ST RIS ST Sw . ;,:;,»‘.&.uw‘v u n:
-2 - September 6, 1977 |

1t

for the combined analysis of
n technigues for iocalization

) ..c and Haptoglobin, _ : s 3
'an ident?fication. Optimization effort shquld,contlnue for the
" analysis of. these two protexns.wk _ : ;
e - "‘“"’;‘(;‘ .
we feel that this approach should be implemented as soon as possibla.
If fou have any questioné, please do not hesitate to contact me.
2 X ;
| “ Sincerely, S &
o il h .
: nt 777 ,
¢ J. M. wWalsh '
. Mmanager, Life Sciences
dm Iy
€
-
<
f f: = o < C B v:} %&C‘
b y /
i i
~i€;? i //‘ .
R H

S
!, CNivERsiTY OF CALIFORNIA, BERKELEY
CILELLEY » DAVIS ¢ TIVINE ¢ 1.0S ANGELES ¢ RIVERSIDE * SAN DIECO SAN FRAAKCISCO K
)
‘W’/
3 WHITE MOUNTAIN RESEARCH STATION BUILDING T-2251 o
i . _ BERKELEY, CALIFORNIA 94720
? - e T R 24 October 1977
i | . ) ) -
1 ¥r, Jean Bordeaux '
i 3 Program Manager - )
1 Bloodstain Analysis System Project
tdvanced Technology Operations
feckman Instruments, Inc. - -
1630 South State College Blvd.
Angheim, California §2806 .
1O ' , : -
Re: Official Minutes, Program Review Meeting,
Electrophoretic Bloodstain Analysis
Beckman/University of California ‘ )
3 October 1977 ’ . :
e © Dear Jean: . |
Will xpubkindly direct Dr. Shaler, Director, Torensic Sciences, to make
the follqiingvborrections in the Official Minutes?
f%% 1. The headipg""Sequential~Analysis (Parallel Separation)' is misleading in
* that it suggests that somehow these terms are synonymous, The paragraph which
follows does nothing to relieve this basic misapprehension. :
| In the handout you prepared for this meeting (which is attached to the
Minutes) and in my oral presentation at the meeting, two distinct and separate
approaches were described as possible alterpatives to the system development

“hich has been selected by Beckman. Sequential analysis is a system for making
all anzlyses on a single cell. Parallel, Separation is a method for simultaneous
aralysis on three "setups" using either jagarose/starch gel or cellulose acetate
nerbranes. : ‘ E o o ' ‘

(==

b
P nghis‘section entitled "Sequential Analysis (Parallel Separation)" also
states that "this effort will be continued until ‘such time as the similtaneous
&nalysis system hzs been fully developed and the potential for system compromises
“has been eliminated". D LT el

ks you well know, all effort in this laboratory is now directed toward the
~aparose/starch gel system of simultaneous determination. As you mentioned in
your VFonthly Progress Report, dated October 7, 1977, a letter recomnending this
Sirection was sent to me From Beckman on Septepber 6th. This letter made it

. quite clear that budgetary limitations did not pegmit the pursuit of alternate
approaches,t 'Since receipt of that letter; I have assigned a full-time technician
to work with Beckran's Consultant in suppért of this recommendation, As you

<" ¥now froh your frequent visits fo this laboratory and from my written reports,

~  no effort is Being made in this lzboratory to develop alternate epproaches as

- part of the BAS Project, You yourself clearly indicated in your monthly report
that the alternate work which was described i{'the product of other prograzs
under way at the White Mountain Research Station. -

s i , : 59 , . S ;4
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" ” : S
2 24 October 1977 \
sJean Bordeaux
ction entitled "Eqﬁiﬁﬁeﬂt Selection" contains thﬁ statimenttthat |
The sectd he Potential Equipment has been collected"., I;Lc not. gm%EC:kr;;;:;J‘NSTRUMENT&lNC' |
“ing data on thed ta Qaéypreqéﬁ%ed at the meeting. If I am in error, o | : |
t that suc a 53 sente

‘ by ing i a. If I'em

ou kindly refresh my wmemory By .supplying me Wl?h ;he data

ot ii error, the Minutes shonld be' coprected accordingly. ‘ |
n ’ - . T‘

The Minutes conclude with the statement t?at "Draft copies of iz;:igze

i, ;biii‘ Demonstration Test Plan and the Crime Laboratory"De?qgs ﬁot o ber
?ea:’Plantz*+1 be submitted to Aerospace by 24 October 1377, o

es 1 Wi

Qisch : : i ¢ . e PI‘O am
SS ldn and agr‘eement cenc e.r‘xllng these Changes T Schedule at ‘th gI‘
v

Review Meeting. If such changes had been discussed, I would have raised
eview N . 1

October 27, 1977

> .

tion of both these plans.

I suggest that the remark I bave quoted be deleted

Dr. B. W. Grunbaum
White Mountain Research Station

hat there will be no suggestion that either this 1abor§§ony or Beckman University of California
izszrimEntS faiIEd to Comp.l.y With an _agreementt v ‘ (o . Buildiﬁg T-2251

Berkeley, California 94720

inally, I would like an acknowledgement in the Minutes; that I,rait:oigd
> ity y’e of the University of California, present?d reﬁearch.resu (s an
representatlvhes for the purpose of expressing a minority dissenting op;;:;ﬁé
fote b apprpic e*ﬁod for simultaneous apalyses, using three~s§tups, uzz o :
Rty ZwLavailable and superior to the approach chosen by Bec ant gnés
2Sv§1§g:23f ?or simultaneoushanalysis. The seq:;ntiaé me;ﬁognwizeggize:iih
© : i i mi ore practicaly and mo
ihsysZ:gswzészhisUmgrefii:gzzzciiﬁo:atorg than the system which Beckman has
en «Ss ;

chosen to develop. ‘

~Re: Official Minutes, Program Review
| Meeting, Electrophoretic Bloodstain

L 1l - Analysis, Beckman/University of California,
! 3 October 1977

&

Dear Ben:

e
A o

In response to your letter of October 24t

7y, your letter to Dr. Shaler with my comment
2, paragraphs. ,

,As you have péinteﬁ cut, there are points in the minutes which are not

h, I am forwarding a copy of

: | ok es 5 2s indicated in the following

. : ' ‘ ‘ Program Review Heeting ‘
g he substance of my report at the

B I am chegrined that t

i i icial Minutes. I would

i i ssly misunderstood in the offici , ) - | .
was elther:igSOZ;zn:?iﬁr:he ievised Minutes that I, as sole represen?atlgi 03“ cortest. Tebing n e i apeinte 1o the minuces wnich 1 e
like a?knoh_é g 5 . jescribed in detail methodOngy‘fgr.dTLEd - Doé : your item one is chrrect and tite minutes should be clarified accordingly.
the University of Californias, ge loped in this laboratory and which were mnot - ; k

‘ ‘ - 1o s . : | ‘ S . : . . .
cce analySlé W2LCthizlzggznt. ItPiS T e e ; g Item two is also ?%?re?t except that 25% of your time is available for
Secrpan Tnetruents 43 t choose' the best available methodology for Systems B A% work on some specific items such 2s the serum proteins.
moceaon InStTgmen;S dgd 2§e gffdbf to register a minority opinion, and I believe : ; ic it k
evelopment that I made i i

iie of?icial record should reflect this dissent,

(":;.

i o A i o e B ks s i | A A

You arecorrect in item three in that no’

: pricing data was presented. Ve
have not completed a com

pilatipn oft prices as yet..
did not offer the paraliel method for simultaneous analyses andftgzrst ‘
. It'll Sy;temfof analyses as possible alternatives if the ?yStS?a:e adoption.’ O
sﬁqyen lis unsuccessful, On the contrary, I offered thew for ;Tme lblam £
choice was i o 1A f e ] lve the three "set-up" pro) . , ) ‘
= el epproach would irmediately sol; - ; ‘1s more s frn wrm . ‘ . » v
The Parailgl 3}‘the sequefitial approach would result in a system thatAlssm ) As'to item five, we can make it clear that you presented
the otherlhan ; practical, and more in keeping with the needs of the U,S. - o ‘
economical, wmore ' =

approaches of hoth sequential and parallel analyses.
" " e : o comments of the last two sentences of item five are ma
forensic laboratory than'any three "set-up" system, i NI

In item four, no'commitment was made at the pro

gram review to supply
either plan to Aerospace by October 24th, :

the alternative
However, your

e : o - which have not been substantiated by test results and, as you are well
Sincerely yours, ‘ : g : ) aware, are not in accordance with the statement of work.
S : ' ! ”zag e : Again, in regards to item six, there is no reason for not clarifying the °
o ‘ ‘ : < ‘ - minutes to show your dissenting opinion. But, as noted above, your comment
B. W. Grunbaum R ‘ B , that the parallel approach (on CAM) would immediately solve the three
| | i b e
BYG:emn E : : ‘ ‘

set-up problems is not substantiated by test data. i

g,

oxgan?

- ¥

o , ﬁ | . ]




" T . . R - ghows RS
K Dr.’ﬁ. W. Grunbaum
< Qectober 27, 1977
Page Two;;.r. .
:’f.,:v.‘ia#‘ N “ E o
bt There is no questlon that it would be d951reable to continue development
of the CAM methodology. However, under this pregram it would require a
change in the statement of work and additional funds,
*34Sincere1y yours,
A - BECKMAN INSTRUMENTS, INC.
<ﬁéan Bordeaux
- Program Mariager
v y
fih i
;W ‘.c{ ~

]

e
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\ FRSITY OF CALIFORNIA, BERKELEY

PAVIS « JKVINE * 1.05 ANCELES » RIVERSIDE » SAN DIECO « SAN FRANCISCO ! SANTA BARBARA * SANTA CRLZ

UTE MOUNTAIN RESEARCH STATION . BUILDING T-2251 .
- - “ .. BERKELEY, CALIFORNIA 94720

L .2 November 1977

¥y, Jean Bordeaux

Progrcm Lcn=ger %

Bloodstain Analysis System Progect
~ Advenced Technology Operations
Begkman Instruments, Inc. '
1630 South State College Blvd. . .
Anzheim, California 92806 ~ o i oo .

Dear Jean:

I have received your letter of October 27, 1977, in reference to the

Official Minutes of the FProgram Review heetlng, October 3, 1877. Thank you
for sending a copy of my letter to Dr. Shaler as I requested
. I have taken note of ‘your comment to Dr. Shaler that 25 percent of my

tise is axallable for work on this project.
‘clarification to Item 2 of my letter.

=
a.mﬁ:

This is undoubtedly a useful

Your comments in reference to Ttems S5 and 6 reflect a certain misunder-
standing, which I feel obllged to remark upon in order to set the record
gtralght.

First, there seems to be a suggestion that I am ihsisting on continuing
the development of. CAM methodology and must be overruled in consideration of
budge;ary limitations, In fact I have made no proposal to continue development

£’ CAM methodology as part of the BAS project beyond the conclusion of the
Sysgem Definition Phase. I have supggested the corbination of certain already-

Geveloped CAM¥ methodology and certaln ‘gel methodology into a bloodstain - e

analysis system, :

=3

@

SeCONdly I note that there is still some confusion regarding the
.- Perallel Approech.  Yousstate that my "comment that the yavallel approach
' (on CAM) would irmediately solve the three set-up problers is not substantiated
by test data". I must point out to you that the words in parenthesis “on CAK"
D are yours, not mine. As you may rememb-., we demonsirated the parallel system
to you in this laboratory, on gel, prior to the last Program Review: Meeting.
I described this approach at that Program Review Ieet:ng, to illustrate how it
~would work to facilitate a three set-up system vsing the ararose/starch gel
n.ethods that Beckrman has chosen., 1 descriled this pzrallel approach for use
with gel in my Interim Report, dated Seplesler 30, 1477, Of course, this
ID ,pcrallel approach cln also be vsed with cel]ulose zcetategibut this was not ¢
amy H roposal. Your remark that my claim is "not substantiated by test data",
es1s that some tests have been rade, with negretive results. Thisg of
is not true, This approach would irndeed reet the reguirements of the
s
res

[ IS
-

A (‘
IS [ g
- m

*Eogy

i e

nt of ¥ork, and I an prepared to support my claim with'a leboratory

tion, utilizing the starch gel/zgarose gel meghocs favored by Techman.
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National Criminal Justice Reference Service
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i While portions of this document

L are illegible, it was micro-
filmed from the best copy

B available. It is being =

E distributed because of the

| valuable information it

contains.
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' Y. Jean EordeauX e 2 / 2 November 1977
= ! .’jy . 7
f?-a;;iﬂa 4 P ‘,'J
. \W r . T
¥ L T am indeed well aware that my suggestion for sequential analysis ob : 1
caM and ;garose/starch:gel is not in accordance with the statement of work.
Bowever, I feel it my responsibility to present alternate propisals to Beckman
=hd Aerospaces. N , | y _ 3
'Tinally, my proposals zre something wore than unsubgﬁcntiated opinions.
| o © 1 rust assume that my srticipation in this project ceame zbout as a result of -
P C1L proj}
my TENy YEsTs of work in this area and, conseguently, my remzrks may be
regarded, at the very least, as “"expert". In fact, any statements or claims , 4
that I have made have been checked out thoroughly in the laboratory, and | i
: I am prepared to substantiate them. : S , i
£ I hope I have cleared up any misunderstandings concerning the items in = ‘
my letter to you of October 24, 1877. Please send & copy of this letter to ;
ALerospace Corporation. . ‘ o ;
 APPENDIX N
e : Sincerely yourg, i /
' ' : SECTION C
. R e ) Fa
o . B. W. Grunbaum ¥ ’ ‘ o /
<y BWG:erm . ' _ ; o , b ' i y
y 7 :
)
: {f e
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MONTHLY FROGRESS REPORT - .«

 BLOODSTAIN ANALYSIS SYSTEM - © @ .

o . 4

Ty

Subcontract 67854

March 8, 1977

Prepared_fOr:

The Aerospace Corporation

- Suite 4040, 955 L'Enfant Plaza, S.W.
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" belng 1nvestlgated. Final arrangements were made to procure ‘all of the nec- :

. Candidaté Analvtes

dates thus far, They have demonstrated good resolution with fresh blood and, o

is also contlnulng ‘with ‘carbonic anhydrase II and peptldase A. Workrhds not
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Second Monthly Progress Réport — Electrophoretic Bloodstain Analysis Program
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This is: the second monthly progress report of the Electrophoretic Bloodstaln

Analy51s Program. ke . S : |
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This report reviews the work pérformed during the month of February, 1915.

A R F
The major tasksrfor this period were to establish a source of blood?oaﬁples e f
and the procedure for the 4-week aging Lest; finalize the arrangements for

Mr. Wraxall’s vmsa, and continue’ opt1m121ng analytlcal proeedures for enzymes \ i

A

y

essary hardware for the deflnition phase of the program. The highlights of

TR

sented in the following paragraphs.

ey

- L

Major emphasis of the program at this lee is the optlmlzatlon of the analyt-
ical procedures for selected constltuents. Last month a group of 10 con-_
.Stituents were reported. These ten, repeated here- for convenlence - PGMy AK,

ADA, EAP, EsD, Hb, GC, G-6-PD, 6-PGD, and Hp form the nucleus of the candi- o

if stable for 4 weeks, would provide disCriminationfbggggr thén 1 in 200. The
4-week aging tests have now been started on{thésa constituents and preliminary :
data will be avgilable by the end of the coming month:. In addition, we are . ?

continuing investigation of GSR and GPT. Results of tésting of these two con~

G

_stituents are'prohiSr ng. but the methods have not yet | [been developed to the B %

poznt where the procedures for them are completely satisfactory. " GPT is one :
of the more de51rab1e phenotypes but it has been reported prevzously thar it

is not stable. However, we are optimlstxc that the technique we are developing
for its analysxs will overcome some of the problems that bave been notéd 1n

earlier efforts to analyze for this constituent after it has been aged. Work

o
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- .yet progressed to the point where ei
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i ther of these can be judged satisfactory

or unsatisfactory.

[N N : N .

The most exciting one of the new constituents is of course Glyoxylase. With

a discrimination factor of ebeuthBS ‘it would enhance the overall discrim-
ination capability greatly if it can be successfully developed. Work has
A procedure has been tried on cellulose

It is .

commenced with this constituent.

acetate which appears to work but resolution is not yet satisfactory.

possible that the reagents used contaln impurities that are cacslng problems.

The work to. determlne 1f this is true is laborious and time consummng

Mr. Wraxall has reported success with this constltuent 11 fresh blood. After

he has joined thé ¢eam and has contrlbuted hls thoughts, tHe approach can

perhaps be reflned so that it will be satlsfactory w1th aged blood.

The search for additional constituents will continue for at least another two

The probability of success in establishing an entlrely neyw constltuent

months.
. Some groups

is quite low. The field has been surveyed now for several years.
have dedicateo their efforts to this particular area and in the past year very

little new data has been forthcoming. We will continue to monitor possible .

“sources for the recognltlon of new constltuents and will lmnedlately 1nvest'

igate any coming to our attention.

Blood Samples

One of the major areas of concern wds a source of blood samples to:support the
program. Origihally'we had thought to'obtain pint samples from a local “blood
bank. At first it appeared that this, was de51rable and could be accomplished.

However, the blood banks have been reluctant to provxde samples in these

Therefore, “we-have reviewed our 1equ1rcments and have determlned

volumes. L
‘am will in fact be. adequate

that the present “samplé supp:%)for the OGJP progr
for our needs. These samples come in dally Durmng the course of the day

les can be analyzed and screened for smgnlflcant variants. Samples

the samp
whlch appear to” be «of 1mportance to our program can be 1mmedlately ldentlfled
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1yr.~5tolorow joined our team the first of February.

~from our program for about 8 days.

and stains medivon glass slides fofTA-week aging. Using the OCJP samples will
permit us to hq\e aging tests goxng on in a continuous manner as opposed to
batch sampling eﬁery 2 to 3 months as had bsen planned earlier.
come in small plastic tubes and contain ACD as an additive.

, ’ | N
Storage S ‘ B

These samples

The 4-week aging tests will be controlled by placing the glass slides in a

cabinet which has trays that permlt the slides to 1lie flat.

coded for positive retrleval ,and ea“

1y controlled for the 4-week aging period.
The cabinet contalnlng the slldes wxll be simply placed in an environmentally=

controlled room where the ambient temperature will vary only #2 to 3°C.

~Suoportineeﬁedia
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We have delayed ordering equmpment for starch and agarose gel separatlon unt11

concurrence by Mr. Stolorow and Mr. Wraxall could be obtained. To date the

»worx has«begn dlrected towards using cellulodse acetate and acrylamide gel.

Shandon and: Gradlpore equipment for agarose and starch gel is now on order.
This equlpment will be operated by both Mr. Stolorow and Mr. Wraxall in com~
parzng the performance of their standard techniques with that equipment against
results obtained from the Microzone units using cellulose acetate or as modi-

fied to use acrylamide, agarose or starch gels.

“Personnel

~ During this past month,

‘?Mr:'stblorow was subpoenaed for three separate court cases, taking him away

In addition to thls absence, he also spent
a day at the San Diego meeting of the Amer:can Academy of Forensic Sc:ences.

Therefore, durlng the month of February a substantlal amount of his time was

-lost, and there was a rather 11mited contrlbutxon to the work in developing

our analytlcal technlques. Mr, Stolorow has become acquainted with the use

of the Microzone hardware. He ran about two hamdred samples with it,

¢ o s o

The slides .can bév
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The way has been cleared for Mr. Wraxall to join us at the end of February. .
% ﬁ:? He is expected to be at Berkeley by the first of March and, after allgwing a- X e
' i L ' ) iy g ,
< le of days to locate, will be effective in supporting our pro ran: . o P
. ¢ coupte 7 ’ PROTEING OUT PROGTH o MONTHLY PROGRESS REPORT . '
Proeram Support Meet i"i{gs ‘ ‘o [ . BLOODSTAIN ANALYSIS SYSTEM
3 . - '.,;’ . Rt X - W
. During the month of February, three direct meetlngs W1th Dr. Ben Grunbaum and Q .
€ his team were held. Close liaison has been established and will be maintained
so that any problems that might 1mpede our progress w111 be &apldly identified
and allow prompt correctlve action to be- undertaken.
; £ ! ’ . ’ S B I ,3\ )
Work Planned for the Coming Month i \; Subcontract 67854
At this time, the program is on schedule. Work will continue on all of the =
} tasks as planned during this coming month. We will be planning for thg second April 7, 1977
4 program review which is now saheduled to take Dlace on March 15th. At this -
‘:timé we do not have any slgnlflcant problems to resolve. ‘
}7 - EE . 2R
o ‘Cost Status,. ’ - i
N ‘ _ L R
: : Technical accomplishment on th program is consistent with the expenditure cf
funds. Ihe requested change in meeting location and replacement of Dr. Yoong ;
with the two consultants have increased the projected total cost. It is | o
g ¢ antlclp“ted that the increasg can be offset by other economles during, the life ! §
; of the program - Please see the Monthly Cost Report for additional detal i ;
3 C . Q '
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t = Electrophoretic Bloodstain Analysis Program

Third Monthly Prosress Repor

This report reviews the work performed during the month of March 1977.

od were to conduct a Program Review Meetlng and

begin testing of aged samples. The highlights of these Lasks and details of

other activities supporting the program are presented it the following

paragraphs.

7
7

a program review meetlng was held at the White Mountaln Research
This was the first meeting at
The

On March 15,
Station, Unlver51ty of California, Berkeley.
which all of the techn1c31 partlclpants on the program were prﬂsent.

responsibilities of the members. of the tachnzcal team were dlscussed and the

coordination of their activities explalned. Details of the’agenda are-covered

in the mlnute; prepared by The Aerospace Corporation. A copy of the minutes

was recelved from-The Aerospace Corporation and rev;ewed.’ Beckman does not

have~any corrections or additioms to make to the mlnutes ‘except to clapify that’

the testing of the new multizone cell is not a firm coquﬁment.

Four-keek A11nz,Test o T, /

Durlng this month, testxng was initiated on samples of blood aged or four
weeks. The samples as received contain up to 1SA /ACD. Drops of b%ood of
approxmmately 25 microliters in volume were depo 1ted on glass micr scope

slides and stored in a horlzontal positmon in an enclosed box.

The samples in thls series were recelved from eight 1nd1vlduals sel
);;W

random without any genetlc or other resti xtions. The dried blood

J‘D‘

Onlrwcellulose

from the slide with a razor bladeﬂand reconstltuted with water.
ell vere used for these

jcted at

as removed

acetate and acrylamlde gel membranes on the microzone ¢

beginning tests. Of the 10. 47 tems reparted last month Whlch have been

nalyzed in fre51 blood w&th the microzone ‘éell, four yielded

successfully a
r weeks aglng. One other was borderllni and -

unamblguous results after fop
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3 being rejected out of hand.

eptimization will be required. Of the remainder, evidence of enzyme activity
was a a
pparent but improved methocology is needed for unamblguous interpretation

The four successful systems are: Eap, Hp, PGM, and AK. A fifth, ADA, could b
LI e

read b
read but needs work as noted, These five yield a discrimination probability of

1l in 2
in 23. Howeveﬁ, ‘the addition of only three others, Glyoxylase, Ge, and EsD,
pould 1ncrease the probability to % in 200. ’

vork will pn0g¢ed to develop these systems and ultimately to combine th
run on three substrate plates, wE

Svstem Prioxities .’

At the pro
program review, three groups of systems were prellmlnarlly classified
into a relatlve prlorltles based on a combination of the discrimination

capability and the expected persistence of the partltular'system Accor&l
. ng

t
o the references appended all six systems of group 1 should be suff1c1ent ly

stable after four weeks aging to yield satisfactory analyses

O S
o

=

em h
phasized that a11 the systems listed are under consideration and nothing is

| As many systems as Necessary will be included to
reach the dlscrlmlnatlon goal of 1 in 200,

Isoelecttic‘Focusinz

Duri
ng the Program Revmew, it was noted that PGM would have a discrimination

otent 4
P ial of 0.25 if its variants are separated using isoelectric focusing vs\

0.
47 on cellulose acetate or starch electrophoretograms Other systems may

also ha
ve improved discrimination with this technique. Our present program
does not e
include lscelectrlc focusing as an area for 1nvest1gat10n. However
3

if it should appear that significant benefits to our program might be derived
from this technique, perhaps some consideration should be given to how they

‘mlght be obtained. This may be considered in a future trade*off analysms

2
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Comparative Testing o /

i
During the past month, a major pgrtion of time of the Beckman consultants was
devoted to the organization and setup of their trailer laboratory facilities..
As explaifﬁd at the Program Review, it is intended that the consultants have
equipment cowpurable to that use réutinely in their own laboratories so that

direct comparisons can be employed in the selection of analytical methodologies.

Equipment from Shandon & Gradlpare was obtalned for this purpose. The Gradipore
unit was defecV1Ve in several areas, and after a considerable struggle to debug -
A Pharmacia unit,

it, it has finally been returngd to the manufacturer., which

is similar in acrylamide gel capability, has been borrowed and is in use.

Many minor but time-consuming details of getting the overail operation into
smooth working order have mnow been accomplished. Runs have been made on starch
gel for PGM,EsD, EAP, and Glo-1l on whole fresh blood.

Haptoglobin is still not showing the sensitivity here that is

They are now working

satisfactorily.
routinely obtained by our consultants in their own laboratories. It appears to
be a staining problem as opposed to separation. Variations in chemicals used

for the staining solution are being investigated as a possibie source of the

¥

problem.

Equlpment has been ordered from Shandon to run Ge as a two-dimensional separa-
tion on agarose gel. It is now expected that all six systems of group 1 will

be optimized for comparative testing about the ist of May although methodologies
for glyoxylase, EsD, and Gc on celluleose acetate require 1mprovement.

Ranophore Status -

e

The defective cooling plate has been reworked and recexved at the laboratory.
It looks satisfactory and Wlll permlt runs to be made with gel plates requiring

cooling. Results thusfar with cellulose acetate for PGM, EAP, AK, and other

routlnely tested systems appear as good er better than those using the Microzone.

T @
& EL

S

&

Work Plhnned for April

MaJor emphasxs will be placed on optzmlzlng the methodologies for analyses of
A new batch of four-week old samples will be available each week.
The

- will be operated with.starch and. acrylamide gels in addition to

aged samples.

t a rapld iteratidyg durlng optimization of technigues.

This will permi

Nanophore u
testing withigelldTBSe acetate. Also, cellogel has been ordered and will be

tested as part of thersubstrate selection process.

Cost Status

Technical accomplishment is consistent with expenditures. Please see the

Monthly Cost Report for financial details.

N\
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Citations of Literature Regarding the Age of Bloodstains
) ] ” : jj E
E.A.P. "E.A.P. in Bloodstains'' Wraxall & Emes, J./Forensic Sci. Soc. -
(19769 16, 127-132, Page 130. "Discussion'.
PGM - ”The Detefmination oﬁC?GM Types in. Bloodstalns" Culliford.
J. Forensic Sci. Soc. (1967) 7.3. 131 3.:P. 131.
"Typing the Common PGM Vgrlants Uﬁlng IEF" Bank etal.
J. Forensic Sci. Soc. (1976) 16,‘115-20. P. 116.
Results & Discussion.
HP "HP Types in Dried Bil.mpds‘tains"i Culliford & Wraxall.
Native (1966). 211, 5051, P. 872-3.
GC "GC Types in Bloodstains" Wraxailg VIilth International -
Meeting of Forensic Science, Zurig ‘1976.
i S
EsD Typing of EsD in Humgn'Bloodstains
_Parkin and Adams, Medicine, Science, and Law 1975 Vol. 15,
;, = No. 2, P. 102-105.
' GLOI GLOI in Bloodstains, Emes & Parkin. To be published -
: personal communication. ‘ )
 W4-6 week old stains successfully typed'. - &'
f
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Fourth Monthlv Progress Report - Electrophoretic Bloodstain Analysis Program

This rcﬁort reviews the work DerforEEd during the month of April 1977, :The
major tasks for this perxou ‘were to continue optlmlz ﬁg the methodologies

for s2lected systems usmng variouys substrates and electrophore51s cells.
usi

During this period, work was begun in evaluating aged stains on cloth and

nethods of extracting the bloodstains from cloth.

Svstem Optimization
Ok,

Working with fresh blood, 11 different systems had been optimized with various
supporting media and using different cells. :TEe status of this work is shown
in TABLE I; fresh blood results, The difficﬁlty which was experienced last
month with haptoglobins using the gradipore unit was 6verccme‘and satisfactory

results are now being obtained. Satisfactory results have been obtained with

glyoxylase on starch gel with the Shandon cell. Additionzl work is being done

for specific systems on various supporting media. For example, PGM is now

being evaluated with starch gel on the nanophore unit. Glyoxylase is i

worked on “Hé'microzone with“cellulose acetate. We are also cont'ﬁulng work
to 1mprove the results for GPT and GSR on cellulose acetate.

the three main supporting medla ‘are cellulose acetate, starch
~Ultlmately
to reduce the supportlng ﬂedla to one or two typee./ The prob :
crimination based on the results of the availahle systemej}n fresh blood ig;;
1 in 245. With

its diserimination index of .38,

Work is also being done with aearose and cellagel

31TE

 The major effort remaining for systems in fresh blood is GPT.
it would be capable of boosting the prob-
gbility from 1 in 245 to almost 1 in 650. This would of course provide a

greatly enhanced flEhlbllluy for comblnlng systems for aged blood to achieve

a good discrimination probablllty with a smaller number of systems end would

A 4
~ L

be more practical to use in the crime: laboratory. “;c%

Four-Week Aging Tests : L 2y
LQUEZHERX AZiNR LESLS , ; -

In addition to stains on glass slldes, durlng thls monty four-week-old stains

from cloth wers also analyzed. The magorlty of the sample ’ere stlll from

beiﬁgﬁ

REad T 5 R R AT T R T A A R T R

W

L

¥
.......

T,

e i N R R B el vt

PN RS e

blood from the OCJP program which contains ACD, Howeﬁer, fresh whole blood °

from individual donors has also been deposited on both slides and cloth and
is being analyzed. The effect of the pfesence of ACD is being evaluated.

The results are not yet complete, but so far indications are that ACD may act
as an interferent in some cases w%&le actually aiding the analysis in others.
’In any e&ent it does not appear to be critical as far as the validity of our
‘results are concerned. A summary of the work done so far on four-week old
' bloodstains from cloth is shown in TASLE II. The table shows that we have
been;successful in analyzing ﬁor nine different systems. To do this we heve
used three different supportieg,media and three different cells as a minimum.
At this time six systems on oile supporting media and one cell can be accom-
plished. |

Although the major problem still lies ahead in combining the systems so that

With the nine systems, the probability of discrimination is 1 in 205.

only three supportlng media need be used to accomplish the 1 to 200 discrim-
ination, at least it shows that at this time this diserimination probability
is still<possible to achieve, .. -~

Eléctrophoretograms from both the fresh and aged staining tests are being pre-
pared for presentation at the next program review meeting. The next\@eetlng

is now scheduled for May 4th at the White Mountain Research Station, Unlver51ty

of California, Berkeley.

Hardware Status

Most. of the work reported thls month was done using themlcroaone and shandon
cells. Work has started with both the nanophore and Beckman nultlzone cells.
Although testing bas been done with gradlpore, pharmacma ‘and v1513ar cells,

no further work Wlth these units is planned at this time.

The nanopbore unlts which are belng used are considered prototypes. Several

.’R\

minor revisions should be made to: them to assure consistent performance.
While these changes are desxrable, 1t ns not mandatory that they be made at
this time.

Ityms expected that work w111 be done to evaluate the

B
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Work Planned for Mag

1t is expected that durlng this month work will be completed in opt1m1z1ng the

methodologies for the selected isoenzymes: The optlmlzatlon of the method=~

ologies will still involve fresh blood. The effort on aged blood samples

will continue with stains from both glass and cotton c¢loth. We will continue

to 1nvest1gate methods to obtain the max imum extractlon of stalns from cloth.

As a parallel effort to opt1m121ng the analytlcal methodoiogles for individual

systems, we w111 now_ begln to con51der the combination of analyses to reduce

the number of substrates and-cells required.

Cost Status

Technical accomplishment is consistent with expenditures. Please see the

Monthly Cost Report for financial details.
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Table L. Fresh Blood Results ' e o L : o {; 2

v ‘ “CAM , ; Stavch - ’ Acrylamide “‘0 ____Aparose N Other

D.I. System Microzone Nanophore Shandon Nanophore Gradipore Microzone Nanophore Sﬁandpn Microzone‘Nanopbore Cellopel
. 0.47 PGH ¢ ¢ ¢ 1P - ’; k
1 0.35 EAP C. c ¢ c |

0.69 ESD c c ¢

0.38 G0 1P e

0.39 Hp B

0.45 Gec _. c

0.82 AK C.

0.82 ADA  C ¢ ! : ;‘ /-

0.91 PGD c Ry | , | | : ,
T 0.38 CPT . : v R > T |
| ~0.95 Hb. c. e o o SRR % ' S e
. ~0.92 GBD C G o o TN _ | ; | f |
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Table

II. 4-Week-01d Bloodstains

Y

théif; System Microzone Nanoghore Shando
© 0,47 (
0.35

0.69
0.38

- 0.39

0.45

0.82
0.91
0.38

L 0,95 b ¢
' R . ~0,92

PGM* ¢
EAP

CAM o Starch

Ahrvlamidekx% §

Agaraose

Other

ESD c
GLO

Hp ‘

Ge R ¢ IP
AR |

ADA IR ¢

T QMK 00 0
b

PGD X S X

GPT. A
G6PD
GSR

L=

n Nanophore Gradipore Microzone ﬁgﬁpphore Shandon Microzone,Nanophore
: [ RN - -

W,

Cellopel
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Complete
~ In Progress
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; ‘ Q;/‘ : Q Fifth Monthly Progress Report - Electrophoretic Bloodstain Analysis Program
= | j/ | x h t reviews the work performed during the month of May 1977, Th
; - § ’ This report re : pexformed during mon o y . e
-k MONTHLY PROGRESS REPORT P
I e e ‘ program is continuing 1n accordance with the established schedule, A program
- i ‘ o = e
T BLOQDSTA%% ANALYSIS SYSTEM review meetlng was held on May 4eHmt Berkeley The laboratory work has con-
; tinued on the optlmxzatlon of methodologmes and evaluation of alternate sub~
-k strate materials. We’beganvblind trials and work on multiple analyses on a
j I E single substrate, ‘
= {g) l"'
=l j ) System Optimization
I et ~ ‘
£ ct 67854 , e :
5 ) Subcontract 67 The major effort in system optimization has been to refine resolution to obtain
/ > unamblguous readouts with aged stains on cloth. Operating parameters such as
4 / i voltage, pH, buffer composition and concentration, and time have been varied in
£ \§ / © June 8, 1877 ﬁ series experiments, It is obviously time-consuming to conduct a large number
W : . i
: \D/ ; of experiments necessary to explore the effects of all the variables.
! x ’% ” f FRIN ‘ : ‘
: ,” At 1 ] . * . .
= g ? \ Most of the development work remaining to be done on single systems is with
: V; i 3 . glyoxylese 1, Ge, GPT, and GSR on cellulose‘acetate. Glyoxylase 1 has not
) o ! e reached an acceptable level of resolution with CAM for fresh blood as yet. Gc
; ‘ . e is still somewhat erratic with stains on cloth. The methodology for Gec will-
i S 4 ; ‘be refined with repeated testing of the large number of samples. Work with'
e 5 GPT is also continuing but on a low level of effort. Ahalysis of GPT on aged
?ﬁ ! lstalns is beyond the state-of-the-art, Many lnvestlgators have attempted this
i i ’{N
i analysxs and have not been successful However, it.is the intent of this
2 ﬁ : ; program to advance the state -of- the -art. The potent1a1 increase in probability
- ! ’ Prepa:ee for: of discrimination from GPT is so great that e feel all ideas for its detection
»*? v - ‘i ,' The Aerospace Corporation .y must be congidered. k
i o - Suite 4040, 955 L'Enfant Plaza, SW. | .
A Washingtony D.C. 20024 : : o _
5 T v S only a low level of effort is belng applied to GSR. It kas a poor discrimina-
ﬁ%cﬂ: ﬁ tlon ‘index in the’ general populdtion but "could have con51derab1e utllity in
J ) B E: C KMA NG“ ~ | actual appllcatlon’. As it appears likely that it can be detected in aged
\ ¥ ‘Z‘A P 3 3 . L3 t L] . . ‘ )
~Advmmed1echnMOgyOpemhons stains, we bave contlnued o work Wlthklt
! L "Beckman lnsiruments, Inc., @
o 1630 South State College, B "
: , Anaheim, Calilornia 32806 = |
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We .expect to have our system deflned by the end of June. That is, methodol-

ogies for ail the ‘selected iscenzymes would be completed " The next phase of

effort in system development would then begin,

- : ",
Substrates L

Starch and cellulose ;cetate continue to be the most versatile substrates;u§gd.

Acrylamide still seems to be indispensible to analyze for haptoglobins. Other

substrates such as cellogel, agarose, silica gel, and a combination of agarose

and acrylamide have been tested. Cellulose acetate membranes with variations
in pore size have also been used. 1In some cases a specific advantage may be
present but thlS is generally outweighed by other factors. TFor example, cellogel
can hold more sample than cellulose acetate and might be more suited for low

concentrations of certain lgpenzymes such as GPT. But, as the membrah_ is thicker,

it is more difficult to read and photograph with transmitted 1ight:
It does notsappear likely that a unique substrate will emerge that will accom-
modate all isoenzymes. We do hope that nct more than two types of substrate will

be necessary. ﬁgaln, this problem should be resolved by the end of June.

1
Attempts tQ analyze for Ge on, starch gel have not been successful., We have been

able to deLect Ge with both cellulose acetate and«agarose gel We are now try-
ing to detect Gc on acrylamide,  As acrylamide is only used for haptogloblns at
this time, it is most desirable that at least one other component. be detectable

with it.

Cloth Stains

In‘COmparing 1he detgctability df aged stéins;on glass and cléfh, our results
so’far indicate that they are about equal for the isoenzymes analyzed. The ease
of obtaining samples for application to either starch gel or cellulose acetate is
not significantly different, The volume of sample allowed seems to be ample for

»all systems which have been optimized.
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“results, that is showing feasibility, have been obtained with PGM, EsD,

Common Buffer

All individual systehs have been optimized with a specific pH andﬁ%uffer com-

position. In order to make multiple analyses on a single electrophmretlc cell,
a common buffer must be used.

both starch-and CAM.

Some work has been done for multiple systems on
Favorable
and GLO1
They are: Hb, AK, ADA, and

It will be the primary effort of the next phase to finalize combinations

So-far testlngzgas been with fresh blood only.

on starch. With CAM, four systems have been run,

6PGD.

so all selected enzymes can be analyzed on not more than three substrates and

three cells,

“Blind Trials

A series of tests are planned where coded aged samples will be analyzed with
different substrates to determine which method provides the better analysfs.

Each phenotype will be read by a panel of four people and their individual

readings conpared with those from the original fresh bleood. So far one trial has

been made with EsD on. starch and CAM. Equally good results were obtained with

both substrates on the four-week old stains. 1In this particular~test; an erron-

eous reading was obtained on fresh blood with cellulose acetate, The reasons

for this have not been determined at this time,

A test with PGM was started but problems were encountered with both techniques.

! Troubleshooting the procedures indicated that one of the chemicals was suspect.

f “The vendor was cowtacted to obtain a new lot. It is expected that all blind

; trials will be completed in June. '

@ ‘ ¥

; Hardware Status

; It is expected that most of the work from now on will be conducted using the

- Beckman multizone cell which is a variation-of the Shandon cell, and the nanophore

” ) . - ' B ) ’/

| D cell, e \ i :
] One pfbthe nahophore cells has been ratqlled by NASA so only one cell remains
P for our use, . ‘

& @ o K
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3
o “ggfn order to conduct the volume of tests necessary, we will continue to utilize
ggﬁ “the standard microzone and Shandon cells for this work, Final selection of the
3 par;icular cell and modifications to it will evolve during the next phase of
system development, |
- i Lo o S
Work Planned for June |
€. This coming month is one of the most significant ones in that data will become
available to permit us to make several important decisions, The final selection
of the specific isocenzymes that will be used for our total system, the optimum
h substrates and potential combinations should all be defined during this month.
¢ These selections and decisions will set the direction for the development of our
system in the coming months.
€ Cost Status | &
Technical accomplishment is consistent with expenditures. Please see the
Monthly C§St”Report for financial details.
| . ' ’ ‘ . )
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Sl\th Honthlv Progress Report = Electrophoretlc Bloodstaln Analysis Procram

'i’ €;§ © This report reviews the work performed ouxlgg the month of June 1977. The

¥ . program is continuing in accordance with the planned schedule. A program”
rev:ew meetlng was neld on June 21st at Berkeley. Dr. Grunbaum was .on a trip

out of the country this month- atzﬁhe invitation of the National Academy of

Sciences and therefore unable to attend this meeting.

| , .

The main effort this month was in continuing systeh optimization and con-

e ducting blino trials to compare diffetent techniques for the system analyses.
A significant amount of time was spent troubleshooting the procedure for PGM
Establlshed procedures which had worked previously for both starch gels and
cellulose acetate membranes vere followed in preparatlon for conductlng a

. blind trial. This

! . R
problem area and details of other work are discussed in theg following sections.

: . ; ! %
B @ = . c

However, neither method is yleldlng‘readablejphenotypes.

Svstem Optimization

-

At the program review meeting, we {isted 17 discriminators which had been con-

f @; o Out of these we have

51dered for analyses for the four-week old stains.
selected elght for our ultimate system. At this time onlf two are still under-

;ugolng development work.

B . e

One of these two is glyoxylase 1. A major effort was devoteé’to it,withiﬁﬁth
starch gel and CAM. While the separatlon of GLO 1 is satlsfactory on starch
the starch iodide detection method is very technique sensitive. A direct
staining method has been sought but nothlng as good as the iodide has been
found yet. A two-step method using DCIP (dichloro indophenol) in an agarose

QT  overlay is promising but not yet reliable.

After

screening buffer and pH comblnatlons and succe551vely selecting those that .

About 150 Tuns were made to find a way £0 separate GLO 1 on CAM.

i - (7
i . i

‘be made shortly whether to continue this task or not.

appeared to be optlmum,;the results are still not acceptable, A dec1$1on will
N

gL Paf27oo~6,
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! a gr7ﬂlent gel is not likely to be approprlate.
: / i .

“As acrylamldw is necessary for Hp, it has been tested with .
‘band Ge also,

The other discriminator whith has received considerable attention has been Ge. !
It is being worked on agafose Vith»antiéen antibody crossed-electrophoresis, on
aerylamide to try to eombineﬁlt with haptoglobins, and on CAM, With fresh
blood, Gec has been resolved quite satisfactorily on CAM.

inconsi¥tent patterns are obtaingy with aged stains.

However, somewhat
The biggest problem
seems to be with sample deterioratiop amd it is difficult to get enough Ge

deposited on the membrane. A chloroform wash is necessury to get a clean

separation but this- also tends to cause some loss of sample. ‘Therefore, the

work has been directed towards better sample extraction and concentratisn.

A _ . :
Also, a‘new staining technique to provide a better contrast is being worked on.

Ge has also been run on agarose using crossed-electrophoresis. The results of

this method are good. However, this method is much more laborious than that

with CAM. Since both use the same blochemlstry and therefore inherently the

same sensitivity, it agaln appears to be a matter of how much sample can be

deposzted on the memb7 ne.

/
!

. o : A

*fOther systems in which development work had been done during the month and

whxch have now been dropped are GPT and GSR. With GPT many trials with both

starch and CAM have falled to produce an acceptable proceduve. Our experience

has been similar to that reported in the literature. GPT xs Presént in the
blood in small quantities and undereoes rapid deterioration in stains. The
degradation products obscure what llttle GPT is present so that satisfactory

resolution cannot be obtalned. Very lltrle time has been qpent on GSR. It

has been decided to dlSCOnLlHUe work on it as it contrlbutes such a small

amount to the discrimination factor in the general populatlon.

Substrates ‘ i

Most of the exploratory work on substrates has been with acrylamlde and agarose.

PGM, EAP, EsD, GLO 1,
Both gradlent (4 to 25%) and homo geneous (10%) gels have been

1nvesf1gateﬁ As PGM, EAP EsD, and -

LO 1 ‘are separated primarily by charge,
The tests indicate the

e
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¢ 'avtivity of these systems is inhibited by polymerization products in the
ER Y :{e} 4 4

acrvlamide.  Only a weak response was found with EsD.

With homogeneous acrylamide, theﬁfesults were not substantlally better. OFf ’

the systems listed, only Gc appears to have seme promlsef With a 10% %el, Ge

tends to separate rapidly and go off the end of the plate. With a 5 to 25%

gradient, Gc packs into narrow bands. ”?erhaps somewhere %n the 10 to 147

range, separation of both‘haptoglobins;and Ge can be obtained.

f,ﬁ | '~ Agarose has been used successfuliy for Ge as mentloned above. With other

| | discriminators, it does not seem to give as good results as either starch or
CAM. There seems to be some inhibition of the enzymatic act1v1tyz Whether
‘thls is due to using rehycratable membranes that may have some aging problems

i'ﬁ has not been determined. It does not appear likely that agarose weuld be a

3

; ; . L .
substrate of choice for any of the systems under consideration

- : . ¢ 1 )
) Blind Trials -

The results of blind trials on EsD and EAP were presented at the program re~

view meeting. These tests were based on cloth staine wieh the smallest

~ sample volumes estimated to be 1 microliter or less. The results showed :n

;E ~ : ncidence of readlno'error af the phenotypes about equal for elther stare

¢ . 1 or CAM with EsD but with EAP, sxgnlelcaﬁtly less error was obtained ‘with '
iiarch. These trials were the first conducted. They were found to be qulte

| ‘ a bit more time-consuming than expected " It had been planned fo contlnue

:CE . ‘blind trials with PGM and GLO 1. However, thie problem with PGM delayee its

trial and only ome mthod is still available for GLO 1.

i The major purpose of the blind trlals is to aid in the selection ofhtheaiiizs
A%Cﬁ ' substrate for each specific system. This should help in grouping the v how1ng
% iscenzymes for nultlple analyseS- The blind trials would also help in e o
: ~ the incidence of errors in reading phenotypes by a group of pegple.  ThaEE

; otype.
tr«el results are not the basis for a final decision as to hou an phenotyp
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. material was received and tested.

”

7 retestlng agaln a lack of activity showed up.

:Tm varlable.

G 7 will be determined. A tradeoff analy515 of the ‘compléted. trlals e mafe
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and this will set the direction for the development of procedures for simul- /
taneous analvses} 1; nay be that compromises will be made where it is neces- /

4
sary to analyze for one system on a substrate which did not show up best on /

the bdlind trials. Thls will all be done in consonance with the objective of /

i
o+

prov1d1ng unanolguous dlscrlmlna@uon with the simplest system. /

,-f/"

Hardware Status )

It was detern1ned that *nere are not really two independent hanophore systems.

Rather, there are’ ‘two cells with common supporting equipment. However, the
hardware has been recemved back in the laboratory and is now available to
support our tests. «Althongh,;eztain,desirable changes have been identified
which might make it easier for“an inexperienced person to get the best re-
sults with the Nanophore prototype, it is believed that the existing hardware
can be-'tested as is and yield valid results. ’

ProblemtAreas

T

While we have the usual problems hhlch are incident to any development effort,

we have an addltional one which has consumed so much time that it should ‘be
specifically pointed out as a problem area.

This is with the troubleshooting
of the PGM procequre.

For approximately six weeks, work has been.going on to

fdbtainAsatisfactory results with the PGM procedures on both starch and cellulose

acetate. Historically, problems with PGM have beesi traced to the inactivity or

to a decrease of activity in the G6PD.

In this case the source for the G6PD
was contacted.

- This is Sigma Chemicals and an assay on the lot we use was

requested. The assay indicated the activity to be normal. However, fresh

At first it appeared that that was indeed , | %

However, irmediately 'on.

Other sources of G6PD were also

contected and samples obtained and trials made. Agaln, results have/been

The storage contalners for the chemicals have been examlne& ‘the

dlstllled water that was used was checked‘;nothlno has been identified as bemng

a positive source of the problem. This has bean most disconcerting in that it

has taken a cons;derable‘amount of laboratory personnel's time and has caused

PR-2700+6 R RIS f4'
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2 significant interfefence in conducting our blind trials. Generally this type
of problenm yields its{‘él’ff to a methodical attack on an,;‘;ingredienc‘ basis to i:j
) determine the source of the problem and once it's found it can be corrected.
In this case, the variable results have continued to obscure the basic cause MONTHLY PROGRESS REPORT
of the difficulty. L BLOODSTRIN ANALYSTS SYSTEM
B Work Plzmned for July :
\\ ) The major effort will be in finishing the development work on GLO 1 and Ge and
completing the blind trials. The troubleshooting on PGM hopefully will be over
g g“ shortly. While the blind trials for the other systems can proceed, it is
AR )‘1‘ planned to run them 21l as close together as possible om the same stain. |
Therefore, 4t is desirable to get PGM working as soon as possible. Subcontract 67854
o " August 8, 1977
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‘Seventh Monithlvy Progress Report = Electrophoretio Bloodstain Analvsis Proeram
W _—

This report\rev1ews the work performed during the month of July 1977. The
program is cootlnulng in accordance with the planned schedule.
this month Wa&\dlrected toward complet1ng the bllno trlals. We also .solved the
activity problem on PGM and EsD so that the blind trlals on these constituents -
could be completed. We a1so continued optimizing the methodologles for the
other constituents. The detalls of the work. performed are dlscussed in the

following sections.

Svstem Optimization

The development of the methodologies for the selected constituents has reached
This
means the capability of identifying the constituents in four~week old blood -

<leve1eawhere‘we feel we have reliable and repeatable procedures for them.

stains necessary to provide a discrimination probability of 1 in 200 has been’
achieved. We are of course still looking ‘at the constltuents on an ind1v1dual
basis and we 'do not wish to imply that there is still not room for lmprovement

P in several of them.

the problem of the activity of PGM

requlred a considerable amount of time and we are haypy to report that we are

'Although not strictly development work,

now obtaining consistently good results w1th PGM. The investigation of this

problem reveals that the activity level of GSPD as received from the vendor
can vary conSiderably. Further, on reconstltutlng the enzyme, its rate of

deterioration can also vary. It was  found that it is’ g%oessary to use freshly

reconstituted solution to assure that satisfeotory‘analﬁgés will be made.
When the act1v1ty of the G6PD is eorrect, then prepared substrate plateé‘can
be. sLoreﬁ for several weeks. Thls simplifies the procedure for cellulose,
‘acet@re. It was found that with EsD’on celluiose acetate, improved results
' were obtained:when using a PGM buffer at a hlgher concentration than rhat

which had been used in the 1nxt1al blind trials. The buffer concentrat4on
y> was changed from a 1 to 20 dllutlon to a 1 to 7 dilution of the tank buffer.
\}Thls tended to reduce the Spreadlng ot the bands and prov1ded better

resolutlon.(
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The e\traculon technique for preparlng solutlons for Ge samples was revised and

i

satisfactory separations have now been achieved on cwllulose acetate. It was

~found that it was desirable to obtaln the maximum codcentratlon possible of the

sample solution. This permlts an adequate amount of Gc to be deposited on the

membrane with fewer sample applltat;ons. .Cellulose acetate still appears to be

the most practical substrate for Ge. The success of the aﬁalySLS is still de-

: pendent on whether the Ge¢ has deteriorated beyond th( point of recognition or

not. Work is still proceeding on analyzing for Ge ubing the antigen-antibody

crossed electrophoresis technique. This is being done both on agarose and

cellulose acetate substrates. So far the results arg éncouraging but consid-

erable amount of development work remains before this technique would be satis-’

factory.

The\agarose substrate requires con51derab1y more tcechnician skill

than cellulose acetate. This work is primarily of. s;gnlflcance for our simul-

taneous analysée where we would hope that both Ge and haptoglobins might be

combined on a slngle substrate. We have found that 1Tproved results for

haptoglobin on acrylamlde can be achleved using chloroform to clean up the
‘i
sample. , _ SR

o kg

Substrates. Ty ; o T o

P

We are st111 working prlmarlly w1th starch cellulose dcetate, and acrylamide.

ork is contlnulng with agarose. At this tlme we need| the three first sub-

strates. However,

if we develop the crossed electroph:resis4technioue for Ge
and haptoglobins bn either agarose or cellulose acetatle then we would be .able
to eliminate acrylamide. From a toxicity standpoint this would be desirable.
It would 2lso be desirable in that the procedure with acrylamide requires a

lengthy electrophore51s time. Our efforts to expand the capabilities of acry-

lemide for constituents other than haptoglobins have nbt shown any great pro-
mise. We have tried other means of polymerization and|have gotten improved
activity.! We uﬂed dimethyl amino propyl‘mitrikéfins;eﬁd‘of TEMED with ammo-

“rium persul:atea‘ For oug mulfi-bystem‘analyses, it is jobviously desirable

to either increase the acrylamlde capablllty or ellmznate it completely. 1In

acrylawlde polymerizéd with rlboflavxn, whlch has no enuvmatlc tox1c1ty, is

another avamlable alternatlve. This may be e\plored in| the future.
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Blind Trials

‘Each time a blond stain is analyzed, we are in essence conducting a blind trial.

However, in our efforts to assure that each system has reached a satisfactory
level of developmenr and where it is possible that a choice Of substrates might =
be available, a formal blind trlaiﬁhas been made The first of :these trials
were conducted in June and the results presented atyour June program review

meeting. Using the criteria that 90% of the stains must be identified cor-

‘rectly, none of the results of the first blind trials were satisfactory. It

was therefore decided to repeat the trials that were conducted in June and

also to conduct one on PGM which at that earlier timg was causing considerable

“diffieulty. In making the sample aﬁalyses, four-week old stains were used.

On each plate along with’tbe aged samples, 3-whole blood standard were also
run. It was agreed that if the veriants of the standard sample were not read-
able then the run was considered to be void in that normal results were not
being obtained end that something had gone wrong with the analysis. Detailed
information on the blind trials is provided in TABLE 1. The’penel of readers
varied “from four to six people. One of the ground rules was that an attempt
would be made to call each variant. If the reader had 2 doubt about a spez
cific variant,‘he wouIH call it and a question mark was added. In an actual
crime lab, of course, there would hive been no reading taken of a doubtful

QEriant. The results reported here cover PGM, EsD, and EAP, where a possible

‘choice of "substrates was available. It can be seen from the table that on

all of these substrates the variants of all three constituents were ident-
ified with a high degree of accuracy. The blood stains used for the samples

for the blind trials were all four weeks old or older. They generally in-

cluded four toffive samples of whole blood plus samples from the OCJP program ?;

contaiﬁﬁng ACD. Total number of. stains was 15 to 16. On starch ﬁfhefe was a

total of 176 readings made Out of these none were called lnoorrectly and
only one was\questxoned On cellulose‘acetate, there was a total of 264
readlngs. Out | of these there was a total of 4 called lncorrectly and a total
of 8 questloned The 4 nncorréct calls made on cellulose acetate were all by
the same readet Seven of the 8 questloned calls were also made by the same

reader+ =%

{d,l 3.8
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Table 1. Blind Trials

Systems Tested: EAP: ESD:

Number of Trials Each System:

PGM:

i ~ Starch Gel CAM
EAP ) 2 2
ESD ' 2 3
PGM N 1 1
Svstem EAP )

1. Age of Stains 4 Wks., 4 Wks.
2. Number of Stains 15 31

3. Number of Readers 4 4

4, ;otal Number of Readings 64 109

5, Number Correct 64 106

6. Number Incorrect# 0 3'

7. Number Questioned 0 3

8. Variants Present 2 2
*0One Reader

.« § System ESD
= {1, Age of Stains 4 Wks

2.. Number of Stains 16 lg e
3. Number of Readers i3 3

4. Total Number of Readings 48 75

5. Number Correct 48 75

6. Number Incorrect 0 -0

7. % Number Questioned 0 2

8. Variants Present 2 2
 System PGu
1. Age of Stains 4 Wks. 4 Wks.
2. Number of Stains 16 15

3. Number of Readers 4 6

4. Total Number of Readings 64 80

5. Number Correct 64 79

6. Number Incorrect 0 1

7. XNumber Questioned 1 5

8. Variants Present 3 2

i
B!
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Hardware Status

Iﬁ was infended to use the Nanophore cell to run blind trials with cellulose
acetate membranes. However, the sample applicator used with the Nanophore

needs to be revised in’ order to aagly the sample in g controlled manner where
more than Ene application must be made. At present the tips are not held
sufficiently rigidly so that exactﬁplecement can be duplicated. Some trial
runs were also made using starch gel on Nanophore. The starch gel requires
a cooling plate. Presently the cooling plate for the Nanophore cell is an

all-plastic unit. Further the ge 1 plate was also made of .plastic. It was
found that there was an 1nadequage cooling capability with this arrangementﬂ
The plastic eooling plate was“revised sd‘that one surface was converted to
aluminum so that improved cooling could be imparted to the ;iate holding the
gel. This new cooling assembly has not b%én;tested at this time.

In using the microzone cells, it has been noted that there is an apparent
current ieakage across the partition which divides the cell. This leakage
tends to shunt the substrate and cauges a change in the current flow during
electrophqre51s. This current leakage causes a degradation in the resolution
of the cellulose acetate membrane. This problem can be partlally overcome by
applying silicone grease to the top of the barrier. The microzone cells will
have to be reworked to correct this problem so that the best performance can
be obtained. The cells are being returned to the manufdcturer for corrective

action.

The new Beckman multizone cell is expecﬁed to be available in the month of
August., It is hoped that several units will be available for use on this
program. So far the Nanophore and multizone cells appear to be the omnes

designed to most conveniently accommodate a variety of substrates.

Results of System Definition Phase

1t was the intent of this phase of our effort to select blood constituents

which would give a probability of discrimination of at least 1 in 200, establish

- a methodology for identifying these constituents, and selecting the approprlate,

PR-2700-7 | 5"

@

lo

substrates to be used. As a result of our efforts we have decided on eight

constituents which the bIind trials have demonstrated that we can’ 1dewt1fy
-accurately and which do provide the 1 in 200 discrimination capability. The

results (Table 2) chows these constituents and the substrates which might be

used for their analyses. In some¥dnstances our test results show that there

is only one substrate which can be successfully used. In others it appears
that we have a choice. Obviously the more options we have the more likely we

are to be successful in performing simultaneous analyses with only three
set-ups.

Work Planned for Aucust

During this month work will commence on simultaneous analyses. Some work has

been done with whole blood to check out some of the more obvious possible

combinations. Work will continue to verify our capability on comblnatlons

using whole blood. For those combinations which appear to be workable with

whole blood, we will then-progress to using aged stains. We do not expect to

do any further development work on individual constituents.

Table 2. - Results of System Definition Constituents and Substrate Selection

Equivalent Starch Gel u 4 CAM Acrviamide
PGM - GLO-I Ge Hp
EsD EAP
AX - ADA
PR=2700-7 ° ' -~
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This *eport reviews the work perfoumed during, the month of August 1977. The

program is continuing in accordance with the planned schedule, During this

mof )the sysfem definition phase of the progranm was-concluded

At a program

review meeting on August’ 9th, the wegk done during thlS phase was rev1ewed and

our conclusions presented,

T

The remainder of the month was devoted to work on

various groups of constituents for system development.

As the progran revmew was Aocumented with a hand- ogt and covered by minutes from

the aerospace Corporatlon a detailed discussion of it does not seem necessary

at this txme.

Svstem Develoument

A plan for the work to be done during system development was organized. The

plan consists of three parts; listing of the major tasks involved, a logic net-

" work shoxlno the sequence of events to be followed in developlng individual

roup aﬁalvses and a detailed work sheet showing tasks assigned and schedules,

These tasks and the 'logic network were presented to Aerospace by a copy of a

“letter of August }8th addressed to Dr. Grunbaum.

Theg flrst groups that were e<tab11<hed for development are:

on cellulose acetate, and EAP, ADA and glyoxylase on stareh,

Gec were grouped to‘

PGM, AKA, and EsD
Haptoglobins and
ther for both cellulose acetate and agarose substrates,

ther groups considered but which were not specifically scheduled to be worked

this month are FGY, ESD and GLO-1, and EAP, AK and ADA,

The initial _efforts to make the group aﬁalyses of PGM, AK and EsD on CAM have
pointed up a difficulty”in getting a ce uoj buffer solution for PGM and EsD
PG appears to require a 1 to 20 dllutlon of the buffer to get adequate separaw-

tion usxng CAM whereas this dilution decreases the resolution of the bands for

~EsD.  In order to achieve good definition for EsD, it appears necessary to

raidtain a hlgher buffer concentratxon on the order of 1 to 10 or 1 to 7. Tt

seems like this group may be dlfIlCUlt to develop for callulose acetate anal}sxsb

o
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LB ' ' ‘ Confirgiation Testing
So far the group analvses on starch have been made with PGM, EsD and glyoxy- ﬂ |
o] ¢+ Several blind trial tests have been made at varlous times. They were limited
lase. 1In this combination, after about two hours of electrophoresis, the EsD fos :
b . e By s : " .
\ E&j’ - d and read. Then the PCM is stamnEd and incubated, and finally the to a ﬁeu constituents of major concern. 1In order to confirm the capability
& $ e o . ) N A i A .
& o e d f lyoxylase. Separation distances ari adequate ' of mgklng an unequivocal analysis on all the ingredients from a partlcular
S le . . - ; i
e iodine solution appl or gly y D, which staiﬁ‘ it was decided to.run a series of tests and analyze for all of the eight
between PGM and GLO so -there is no 1nterference in the reaction. EsD, whi o - '
constltuents a e same time,
reacts rapidly, is gotten out of the way and does not seem to interfere with |
3
. the subsequent reactionms, ’ ! We ev1ewed the llbrary of aged stains to determlne the variants which were
X d hydrated agarose gels, it reprecented in stains approximately 30 days old. 'We were able to find seven
iew] e earlier work done on rehy ,
In reviewing some of th oo btained which were promising except for stdlns which gave a reasonably broad coverage of the various constituents; but
' tions were being obtaine !
sppeated that' separa ) ‘ ‘ i : of these were only 14 da old, o weeks,
parent inhibition of the staining reactions. It was decided to investigate some y 14 days ne was six k
an ap
€ dditi of a small amount :
shl elled agarose with the a ion { . '
thls further using Ire Y B . ih t h iodide reaction in stdining | . USlnv these seven stains, all eight constituents were determined. The stains
d the ba51s or e starc i |
oF starch to ok : d 27 starch was made and the initial 3 Vere d1v1ded so that tests on starch and cellulose acetate vere being conducted
starc ”
lyoxylase. A combination of 1% agarose an o |
= quits good. A simultaneous separation of PGM, EsD and glyoxylase showed « i Dn an identical basis. For Ge, a comparative test was made using agarose and
€ rest war qnire goes o . b : ts have - : : ucellulose acetate.o Also, for Hp Tuns were made with both step gradient and
d feasibility for this combination. At this time onlyia few experimen
goo o S y . o ‘ , /continuous gradient acrylamide gels,
been conducted and mly a limited number of variations in pH and buffer concen | _ j S
; . ) . . . J} : 5
- i i tiple analyses with / .
£ . en attempted. However, at this time the mul ] I !
> o tration have be ? 3 ’ o o n earlier ! ; TABLE I, attached, summarizes the results of the tests. It should be noted that
~ this combination of agarose/starch appear to yield better results than L
€ : . ) Lone ‘EsD, PG, and GLO I were run 51mu1taneously on starch gel, On an individual
i nade with starch alonme. )
frials made : : . K e . run the results were definitely better. However, these results were ‘very reada-
- B 4 ble and show a stron Tomise for this combination.
: ' Another combination under consideration is EAP, AK, and ADA. Tests were. also ‘8 P
E . i N - t ’ ‘
o made on this group with agarose/starch. of these, the ADA seems to be mos - .
¢ activity was evidenced in six out of the seven stains when run on agarose.
difficult to separate from the initial tests., Not enough work has been done fo |
. "d {11 vield eptable results On cellulose acetate, the first run attemoted was not readable This was attri-
Jhat ination of buffer and pH will yield accep res .
tell vhac combin o ' ‘ P ) ha buted to an inadequate amount of sample being deposited on the membrine, A
o , . both CAM 4 gaTOSéUQ}¢“‘ ;‘“GSF?SUB“ _ - rete§; was made but the Tesults were read by only one person as the other readers
S e . : : . en made on bot and agarose. *‘t"5°% S - . . :
€ ~Analyses for Ge have also be S sbndabl] ssulpe o were-odt of the laboratory. 1In this test, four of the stains were called
A\ 5 +4 T i vields an easily readable resulti - o S
\;} strate, with crossed electrophoresis, vields )\f A et i | . cor:eccly, 3
3 However, it requiras consm&-rable skill to o:taln good results. Major ef 6Tt ‘
i 3 and Ge on CAM., TIf this can be » |
b will be dlrecteé towazd the CONblnathn Of Hp - ' Work Planned for Next Month
iE accomplished, it would be a significant breakthrough. J - ~ ’
. - ' ‘ o Several p0551b1e groupxngs for slmultaneous analyses have been made, Durlng
! % The investigation on cellulose acetate of the group PGM, =K, ﬁﬁﬁfsni has not this ronth tests will be dlrected toward establlsh:ng the most practical combin-
n y‘; & ’ . ) oy ’ ‘ . ) N“'-\‘-“,.-"‘ ; ) . .
! % . shown a“great deal of promise so far. The primary problem is the.Pﬁgqggo,EsD ‘atlons. We: w111 ellmlnate those comblnatlons of constltuents/substxates which
f o Ve sqs = ; N, .. the tusts show to be least promlslng and concentrate our efforts on the rest.
“incompatibility. & | : w0 THERE S
| | : : by
; i ; i .
P L o i ’
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‘ » TABLE 1. RESULTS OF CONFIRMATION TESTS '

"
. oy , ' ' ‘ i
’ ~ : R : ‘ Number Number Number
i ~ : . :

' : 3 Constituent qtqfuthir ?r d ngziztzf ﬁoaﬁZTijgeigin < Questioned Correct Incorrect :

R & : : ntains Analyzed —va . ’ o U twg' Cam Starch  Cam Starch  Cam Starch §

R . o 4-28 CAM o s
FsD R 3 527 Seareh 0 28 24 o3 |
; ey 4 5 i |
PGl 7 3 4-28 1 o 8 28 0 0 |
¥ EAP 7 5 4-28 2 . 0 28 28 0 0 i
i : ' o o ) . i
AR 7 ) 1 4-28 0 o 28 28 0 0 '
PN _ADA 7 2 4-28, | 1 o 27 28 1 0

428 3

]."l" . O § 5

24

24

4427 Agarose | (Agarose)
R T w T 1 3 4-20(2:3 S 3 om0 |
“ e ‘ */ "(Step {Cont. - : - , e

o — . ) _ ) ‘ ‘ , grad.) Grad,) Grad,) o | - o

S SR N T A TR Y

EsD, PGM,yciﬁkI rﬂn.simultéﬁeously on starch gél.

S v

f
5

© NOTES: (1)

RS -SERARORRR: S ariee

TN A e e o i (2) Run twice on CAM.. Only one reader present for retest, R o . §
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1-16’1’111 ;;1«:0 begin to determine our hardware reoulre-r.ents as they betome more ,
apoarent from the group testing. Preparatlons will be made for a program re- ;
x% bt ol o . - :
iwf viel tentatively scheduled for the end of the month : .
B | : | : - ¢ » %
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' Tichth Monthly Progress Report - Electrophoretlc Bloodstaln Analysxs P”ogrﬁm o : !
o l
: ¢ e 1solaced for stalning. Depending on the number of
<« This report reviews the work performed durlng the month of September 1977, The e & standards used, fhls tends
f £ to limit the number of stalns that can be handled on one plate with this
program is now in the System Development Phase and is continuing in accordance s ot h but it lud 1
. J ? , zpproach bu prec udes mlsapp ying overlays., As t
¥ with the plannadyschedule. Along with the laboratory work, consideratiod is i : used in esther : 7 he Same‘bESLC mezh°d°1°gy
5 ; s , : : ; | is T case, We can wait to see if the
now being given to the feasibility test plan and selection of hardware. These | i : . :f serial separatlcn can be
e ) ) : done repeatedly without 1nterferenc§3 Our major technical prmblem is in com-
subjects are discugsed in the following sections. oo : .. _ L s ' !
, e y . : bining Hp and Gec on one substrate, ER kY
i . . ’ . y ,\.\\\
Svstem Development ; o = , \
E o : : We have tried to detect both protelns by antigen-antibody crosseﬂ electrophoresis
In August several groups of constituents were selected for developmenf‘ One i (AACE) . However, while the separation of Ge is excellent, the Hp' _Phenotypes
of ‘these groups, PGM, AK, and EsD, was tried on cellulose acetate, The buffe* L (due to very little charge dlfferences hetween them) do not separape very well
£ requirements for PGM and EsD appeared to be too dlvergent to resolve 1n tha . :

There is also a certain amount of manual

\dexterlty required when using this
lzmlted time available so this work was stopped. . :l

system.

In view of this, it seemed prudent te concentrate our, efforts for the other two

Another approach now being tested 1s Lo separate the protelns on acrylamide,.

C 4 p0551b1e maJor groups of PGM, EsDy LLO I, "and EAP, AK, ADA on the starch/ ; detecting the Hp with o-tolidine and the Gc by immno-fixation. There are many
agarose substrates. On September 6th, a letter recommending thls dlrectlon of 5 'comblnatlons of buffers and acrylamide concentratxon and so it may be some time y
effort was semt to Dr. Gru?baum. r0l>the two serum proteins, Hp and Ge, work - "‘f before tae rlght combination is found, = \,; //
- was~tovcont1nue with several substrates. Dr. Grunbaum hps assxgned a technician « ‘ , . S P '/F
w‘;; € to work full time with Beckman's consultant in support of our recommendatlcn. ; " ‘ : @; L It is possible to phenotype JOLb Ge ‘and Hp on acrylehlde usﬂn;/serum camples 5
'”“;; . During this month the group PGNM, EsD "and GLO has been improved ¢0n51derab1y.»‘ ' SR “but on stalns there is an excess of Hb. which twnds to masy the banding. Thls/fﬁ ) e
;‘ It is enpected that ‘this system will be finalized by mld Octobervp A 17, agarose o . approach is pzeferable to AACE 1f it can be warked out. ‘In either case, the
;tf gel with 2% starch to stain GLO is being used for this group., Ihe other main o problems to be solved are:

group of three constltuents, EAP, AK, ADA, is show1ng e%cellent rasults for

. B ./,"
i - : 5
(L,

EAP and AK 'ADA is showing a loss of act1V1ty and may require ﬂower voltage

l 1. USLng AACE there is an interaction between the two aﬂtisera.v
y to reduce the heat generated. It may requ1re overnlght (16 hoilrs) electro- . , Antisera from different manufacturers can be trled
}é phore51s.\ We ar= confident that it will be a\workable comblnallon. This group B o R ] K
B : s n “ @ § o
is being cuz‘on“tarch with the expectatlon that it will be’ ttansferred to the : :2. Finding the right comb;natlon of bwffer and acrylapide con
R - o-ag rose/sharch cembination. “ ; S ’ : EE - Sy -  centration whic
SN o ;: h\ ’ : | | ~E‘, Le o -« hl h will enable bphh %p ehd Ge to ba' separated..
5 TR A N PR I SRR : L : : St - ﬁ | //”
There are lwdvarehs of concern with these combinations, One is the nossmbxllty 3. : g

o

A
The excess Hb Wthh oceurs 1n oloddstalns causes serious

that with ﬁerial eparatlons the stalnlng overlays may be bnnroperly placed problems in Hp typxng = | 47

i 7 -2 :
,/’ ) ,r'/f/ 5 : . !
o o . .

it

{% and .mask scme of qhe bands. The other uhlch is a contrxbutlng factor to the

[

. ot : :
B | - first, ‘is Varlatlohs in the agarose elépufoendosm051s from batch to batch and
i :
|

:‘i

v

R

| ' , I |
Ihe group has promzse but it requlres a 5reat déal of work bermre a decision
le C various supbll rs.“ These problems can be controlled by using a parallel .s&par~

& égg atlon ) The \same sqaln must be appl d Szde by side and the constituents;are

l

can be made. However, if this’ comblnatlou doe

. not work then lndiv1dual systems )
can hefused, but it would requlre an, extra se/up‘ ; :

i
1
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’ﬁUsing a Nanophbr type and size gel plate, 6% acrylamide geis (non gradient) are

while electrophoresing for 45 to 60 minutes.

As a result of work being done on other programs at the Berkeley White Mountain
Research Laboratory, it has been reported to us that some® 51gn1f1cant improve-
ments have been made in the methodology for typlng Hp and GLO-I. For Hp, the
separation is done in the following manner. :

y S
/ - . 23

8y
prepared for use the same day or on subsequent days. The gel thickness is 1 mm.
At first blood samples were placed with a fine capillary pipet into slots that
had been cut in the gel. Later,‘it was found possible to inject 8 zamples
simultaneously into gel by means_of a Beckman Instruments, Inc., 8-sample plastic
appiicator. This sample application method is adequate but has not been opti-.
mized, - The present plate’will accommodate 12 samples.

In a number of experiments, a range from no cooling at all to coo%}ng'at about
59Q was‘t;ie&. The best separations are obtained by cooling with ﬁap'water

It was also found, as expected,&
that staining time is conéiderably shortened. This is because of the ready
penetratigh of the o-dianisidine stain into the 1 mm gel, as compared to the
rate of penetration into the 3 mm gel which is used with tbe Beckman Microzonej
system. fhe 1ongei staining time is required when using the Beckman system be;
cause the specimen itself runs in the geometrical center of the gel and is \
insulated with about 1 mm clear gel on each side. Also, because the o-dianisi&ine
is not readily soluble in aqueous media, the amount of stain penetrating throuéh
‘the gel becomes smaller'aé,it reaches the center of the gel. The total analysi%
time for Hp has now been 5aduced to approximately 90 to 120 minutes, as compare&
to the 16 hours neéded fof the usual step gradient method. Immunpfixation on '

the thin acrylamide gels for Hp was“also shown to be successful.

¢ e

It is also 1nd1cated uhat a 6% acryiamlde gel in a nanophor type and size gel i
plate is satlsfactory for the separation and typing of the three common variants |
of GLO-T. A few minor tech- . i
nical problems need ‘to be worked out in placung the sample into the gel This '
KS w1thm§gﬁ.this‘

Both fresh blood and bloodstains have been Hsed.

can be done with 1mproved gel cutting sample appllcatlon tips.

plate wxll also carry 12 samples.

B o

PR=2700-9
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This work offers a back»up zpproach for the entire group of analyses | This

would utilize acrylamide for GLO-T and Hp and cellulose acetate for the six

other constituents. Such an approach 19 cutllned in the table below., With a

single cell the analytical time limits tould be met but five substrate plates

would be required. No recommen

‘ datlig for gursulng this work on our program is
being made at this time, x

’needed

Crder of Analvsis Substrate Hands On Elapsed Time

Sample Preparation CAM 15 min.. 15 mini

PGM L sn 75"

ESD u 15 " 60 "

M{_ADA_EAP " 114

(simultaneous) 2 %0

GLO-I Acrylamide 30 150 v
gel

HP‘GC 1" n

(51mu1taneous) 3 +20.%

. Total time 135 min. 480 min,

(2 h. 15 min.) (8 h.)

Feasibility Test Plan

A preliminary plan is expected to be avallable by mid-October and submxttmd to

Aerospace Corporation by November 1st. Some areas of concern are the refPree

methods and laboratories to be used to type the trial blood samples, the total
?

number of stains for analysis, and how a mistrial for a particular stain w111

be handled. - It should be noted that 64 laboratory worker hours are availahle

for the tests. It is estimated that a maximum of 35 to 40 stains could be

typed in this time.

Fcuipn ent Selection | ' o v‘ !
Nothlng has been finalized as yet in equipment selection

. A choice between
the smaller sized cells such as the microzone and the larger ones such as

Shandon may be dictated by the size of gel plate needed., 1If a large cell i{s |

ay offer the most flexibility in operation and %
lowest cost, o ' \

‘the Becknan Multicell m
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¥Work Planned for the Coming Month

A program review is scheduled for October, 3rd. Our plans for completing -

System Development, the feasibility test plan, and hardware selection will be
discussed at that time,

E e "\ M
. : X3
¥,
We are now rapidly approaching the time for final decisions in all of these

-

areas. As of now we are still directing our efforts to fully comply with the

statement of work, One possible compromise is that four substrate plates may
be required instead of three.

This has been identified as our major technical
problem. T '
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Tenth Monthly Progress Report - Electrophoretic Bloodstain Analysis Program

This report reviews ihe work performed during the month of QOctober 1977. On
October 3rd, a program review meeting was held. It was pointed out at the
meeting that there is a difference of opinion about the methodologies to

- g\ i .
develop which would best serve thé#crime laboratories.. The alternative ap-

proaches were discussed. ;

The alternatives are basically the use of gel plates versus cellulose acetate
membranes for substrates., It has been stated in reports that the available
starchvgel‘methodology‘has not been generally accepted by the érime labora-
tories in the United States. The use of cellulose acetate membraé%s offered
a possibility of reducing the skill level requirements for analyzing blood
stains and also the time of analyses.
program shows the time requirements for technician effort is about the same
with either substrate. Further, and most important, are the results which
show tha%,g:oup analyses are most likely to be made successfully with the gel
substrate. Therafore, based on the test results to date, it was decided to .
cencentrate development effort on the gél plate methodology. This approach
has shown the greatest potential to meet the requirements of the statement of

work. : » "

As a result of the decision to concentrate effort in this direction; it was

decided that manpower could be more effectivel&gutilized withllaboratoryk
facilities located at Beckman Instruments Advanced Technology Operation.

Therefore, action to terminate work at UCB was initiated. On November 1llth,

~ the work under UCB cognizance will termipate. Arrangements are now Being
made to transfer the necessary personnel and hardware to the Eébkman.facility
in Anaheim. B

Technical progress made during October is discussed in the following secticns.

System Develooment

Work is continuing with the three groups of constituents as identified at the

program review meeting,

&

© PR-2700-10 , =i

However, the data from tests on this\f-;
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Group 1

In this group, PGM, EsD and GLO are being separated on a-l% agarose, 2%
o 3 Y o

wrstarch gel plate, Variations of the relative concentrations of agarose and

starch have been exp

lored. This combination gives the best rasults
ping of PGM and EsD is about equal to individual analyses
with GLO have been good at times . )

- ]

. The GLO reaction
mixture has been checked and doss not seem to be a cause of 4

' } ifficulty, Thé
buffer solution has not been completely checked out yet and t 2

his
of the problem. S may be part

It was found that the bridge sponges need to be washed
thoroughly or replaced when changing from one buffer to another

Y
4 F /
The major problem with GLO has been with olde

T stains (30 days). Comparati
tests with in ys) parative

:diviﬁual analyses~are now being made. It may be that the group
analysis for GLO is actually doing as well as on an individual basis

Grduo~11
- This group,

EAP, ADA and AK, has been sepafated on 107%

: starch gels.
to convert to 1% agarose/2%

starch have not been successful,

Efforts

-

In the past month the méjor problem had been with ADA

improved. This has been much

+ AK had been a

This too has been cor-

Stains aged 4 to 5 weeks have been phenotyped
problem in that it was not moving off the origin

Trected but there is stil]l a problem with AK. The bands are being obscured
by a smear thatfcovers a fairly the

has diffused.,

large area. It looks like the reaction stain

It may be that the reducing agent is too strong.

The buff
concentration has been changed .

, | from 1 to 100 to 1 to 40, At the higher con-
the pH jumped from 5.5 to 6.2 which w ' j
that the problem with AKX is related to‘the higher

~back down to 5.5 for g}Fétrophoresing;

centratioh,

as not expected. It may be

PH. The pH was adjﬁéted

Sc far, the EAP continues to come
out very well. E k

4y




Group III’ . t y

he stath/agaFose gel was also firied with this group, Hp and Gg, but did not

work Acrylampde still seems to be the best substrate. Results of tests

this month have been encouraglng in that some times both Hp and Gec have been

readable on 30 day old stains. ﬁ%ls 1nd1cates that it should be possible to

separate these;as a group. Generally one will come out but not the other.

| ) ,
Whether good results are gotten with Hp or Ge seems to be related to the ex-

tractlon technique used for a partlcular zun, 1t may be that the extraction

procedure hasegenatured the proteins. Generally chloroform is used to reduce

interference onm Hb. While this does control the hemoglobins, it aiso de-

terlorates the ‘Hp and Gec results, Perhaps a different solvent can be found

to overcome th[s problem.

4

Crime Laboratory Test Plen

A draft wopy of this plan was forwarded to Aerospace Corperation on Oceober'

24th for review and comments.  This plan was not actually scheduled for sub-

mission until December lst.

Feasibility Test Plan ; e &,

4 draft of this plan is now being prepared. It will be for*ardee to Aerospace

Corporation the first of November for review and comments. The plan is to be

available in its final form on December lst.

Hardware Selection

-

" The need for gel plates large enough to accommodate separation distances of

6 to 7 inches precludes the general use of the microzone or nanophoré” type

cells. The Beckmen Multizone can be used with either‘gel”ogimembrane sub-

strates. We plan to use this hardware for the feasibility demonstration tests,
This type cell w111 be’ commerc1a11y available from Beckman and a sxmilar cell

is avallable from Shandon.’

‘T'
I
i

PK-2700-10
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curement can be initiated for nece§sary items.
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Work Plapned for Next Month

The need to establish a new laboratory set-up will reqdire a major portion of

time next month. An inventory of equipment and supplies will be made so pro-

Physical iaboratory facilities
must be arranged wlth aoequate bench space and utilities,

within the existing ATO building.

This can be done

As time permits, development work will continue to finalize the methodologies.
It is not expected that this work will be completed in time to conduct the

feasibility tests by December 10th as scheduled. A delay of one month is

projectedynow and this will be reviewed as soon as the transition of personnel
and the laboratory has been completed.
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APPENDIX

SECTION D
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THE AEROSPACE CORPORATION *<:’j SR

Suite 4040, 955 L'Enfant Plazo, S. W, ?\;"axhiugmn. D.C. 20024, Telephone: (202) 484-5500 '

X7 gy,

3330-GNR-77-020 | o
2 February 1977 - | , o

5

Beckrman Instrumentg,’ Inc.
Advanced Technology Operations

Mr. Laird Morgan

TR —

1630 S. State Colle¢e Blvd,
Anaheim, Calif orpia 92806
Dear Laird: 7
Please find enclosed the minutes of the 18 J‘an{nary 1977 Program Review,
- If you have any guestions or if I 'Can be of assistance, please contact me.
_ " Very truly yours,
. c”i. Eim - h T N N ) ) ) o P
w0 ; e . M //; /
" Gerald N. Roberts
S e Program Manager
: " Law Enforcement and
, Telecommunicatio‘ns Division
,i i in B Y ‘
" GNR:jaw - i
. Enclosure: As Stated
cect TSN 1}
T Bordeapx: %y N
B. Grunbaum , ‘ ,
J. Walsh : e e
'\\‘\Qt.\‘::;\;\\ : e ; : . " o ’ 9’\/ L
- A:\‘}::::i \_\W#E\.:\'“:‘\" T » :\b -
K ’ B ‘
An Equal Oj:por!i:ﬁ:;ly Employer ’
g wGIMERALOMFICLE LOCATLD AT #2350 LAST L 31 CUNDO #OULEVAPD €L ¥ cunop ?Auicnmq o
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BLOQDSTAIN ANALYSLS SYSTEM
At A N/BERKELEY
MINU ' -
» 18 January 1977
: cific Standard Time,
. . called to order at 9:20 a.m., Pa‘ - ornia.
The meeting was ©e e ztions in Anaheim, Califor -
| 's Advanced Technology Operati o '
at Beckman's Adva: S
& rporation
< . The Aerospace Cors :
‘,»__;‘.;.egqees. s - y
T - G, Denault
8. Derda
P, Jones
G+ Reberts
Beckman In struments .
J. Bordeaux :
J. Walsh
.. Morgan
- - = N
University of California (Berkeley)
B. Grunbaum |
PROGRAM PLAN db -}vir ‘Bor‘déaux. Beckman Prqgram
E . o . . opene L Dy - nd the
The meeting V“?'s Ll the program a ;
‘ ho presented the attached PERT chart of ' p Mr. Bor-
I, wnop s ’ i - these i‘t&msl . )
M;anagige N cheduie After full discussion of th d for the
. am s * . ge 4
master progr hat Beckman would like to have the ‘s;ched_ule chan51 X a{,tgiy
jezux stated that Beckm ‘ ‘ ; the crime labora:
o t or modification of equipment ne,ed?d for fter Aero-
: 3 ) . OT : ) ) - ait ) s
G PEOCHTEMER on th equipment was scheduled to commence ot test
T g . Work on the * . i i nsiration .
RS ‘ kman of an acceptable feasibility demo ~ asibility
otified Bec: = ~ b ing the feasibi
T 1d like approval earlie¥, if possible, during L to begin
ek wou 1K€ a : , t approval to
B?E]\man test. Aerospace informed Beckman that app  tter
o P 2st,. . e X 00 -8 : .
-demonstrdhon PO {v.ill be furnished to them in writing as s S
. ment w 3 ‘ :
\'s'C'I‘k'On the e.qu]p : p csibiet )
he feasibility demonstration test 2s pos gested
oo : ‘ s . ) - : 3 ugge
SR £ Th Aerospace Corporation laborato?les 75,
Ms. Denzult o € ~ i } , schedule.
Cof ’\Z‘bhopixc”re might shorten the proposed
shat the use of Nanopho: | ~ |

A
& o4 Mk r 5
PRI T tlrid

::fjﬁlxir. Bordeaux giqg not agree ang felt that, Tather than allowi
f’samples, the expe:im&gtal &

'possible Substrateg,

TX With, ang testing of,
all substrateg available, even if there was nqg Nanopbore. Beckman agreed
SUPPORT PERSON

NEL

_, Mr. Bordeam; stated that py., Grunbaum, Univer
at Berkeley, Principal Inve

se at his

Dr,

tech.nic:’ans,

Brant wag 8oing to rup out soon,

Denauylt asked if the
Qccur and w

Grtnbaum doubtegd
:.‘tens‘ionm;; Dr. k

D:.
as hopeful for an e

Y the grang were terminateg

technic; ans full-timé-

e

The statys of Mr.

L

Stgio"fow of the ch}"ugan State_ Police Scientific 5

Laborat'ory, and Mz, M'rai::é'all of the Met‘ropolztan Police Forensm Science ’ 1

Laborat,oryi London, \x’as..-é§§>sC~uSSed. M.r; Stolorow is in the Berkeley
'areoaf"at‘the‘presgnt time aad s Iooki‘ng for hOUSi-’O"g. It is éxpecteﬁ ‘thz;t he i
will be available to the P . '

rogram fu‘ll-tinﬁrer by 1 February 1977, .Mr..b W’raxa‘ll‘

s L

e B SO 3 e PR SL




: } . " h 1977. The State of Califoyr‘r’nia Labor’ A caucus w?,s”'/;uccﬁd between fthe Aerospace personnel to discuss the
will not be avai lﬁble u*ltd ) w;*r;at et the. flats was capable of per- T isswe, The meetiﬁg lasted about 20 minutes, after which the program
. e “
r:& Doperiment }dfd to ce; infor: . e for. s molifidetiEn will re“ew con‘tx"m/ed Ms, Derda, Aerospace Subcontracts Administrator,
: {orming the work that Mr. Wraxall is " as'.ke:d Beckma.n what changes in cost and schedule would be necessary in
' ng«;,-‘ be s_elnt to the U. S De-Pa;szZ: °f::::;n::i}'jaf::fiz'o iz»;;z::nt order io o?e abie to fully develop‘f’he methodology for removing the blood-
Instruments Contract Administrater, . stains fr/om clo‘ch (no commitment by Aerospace was rnade) This was a
agreements had not )'Et been approved by The Aerospac P BCC}‘T‘? n and Berkeley action itern and is due by 2 February 1977,
8 A was informed that thisg would be taken care of., (Note: “ppr?\al was ( /" '
~eceived frorn LEAL on 1 February 1977.) | r O, NTHLY PROGRESS REPORT
Dr. Grunbaumy stated that Mr. Stolorow and Mr. W raxall will be 4 E;;: ’// " The next item chscussed Was monthly progress reports. It was
& working under hls drrectlon. It was asked how disagreements in method- ; rfeque rted by Mr. RoHerts that the~ ‘onthly progress reports be delivered
ology between Dr. Grunbaum and the other members would be handled i /oy the tenth of each mon’ch Program reviews will normally be scheduled
Dr. Grunbaum stated that he intends to use the others for their ingenuity P //// ‘after the delivery of the most Tecent program report. It was further
g ® and will not drct.ate to them. If a concensus were not reached the final , iﬁ /" reque?ted that ’the subcon'cracfcor rfedo the "estimate of‘ consultant’ hours!
| report wou.'ld reflect it.. Mr. Walsh Beckman ZManager of Life Sczenc:es, ] and exgjg'hd”it to izgclode a month-hy

-month breakdown per task item for
con 1rmed Lhat both Mr, Stolorow and Mr. Wra;\all knew of the arrangement each of the three reseavrfchers.
= . P -

Mr. Morgan agreed to furnish this within
o and "01-eed to 1t.

ten days
FE EASIBILITY DET\/OT\S"YRAT]ON TEST : NANOPHORE
Mz, Robe.rts wex:\t ‘through a list of zgenda items; the first dis- The status of Nanophore ws: LS next discussed. Mr. Bordeaux
2h A cusolon concer:ned the feas1b111ty demonstration test- I’t ‘was stated that the

informed Aerospace that the first p1 ototype had tested well and many medi-

fications were now planned All of the modifications w111 probably be made

th the same t1me and SP\'LIB.]. ne

subcontractor wou]d hqvc to be ready and able to test for all variants chosen

by the subcontractor. tiwas assumed by Dr. Grunbaum and the Beckman \) models will be fabricated. Dr. Grun-
baum chsp.tayed a number of photo,graphs of the eqmpment The N

is the same length &'s the ]‘vncrozone

d
representa’cwes thar the test Se_mples would be on glass. Aerospace state el
H t the iest sam'o]es would be dried 'oloodstamed cloth Aerospace further but 7o Fey

tated that, as far as crlir;e lzboratories Lre concerned cloth is the only min
S a i

55 mm wide as in the chrozone.}f The appllcator tips are mterchangeable

accep’cable support, Mosk bloodstain ev1dence brought into crime labora- so that each one can deliver a dlfferen‘t quantity of blood

. 1:( des‘tred

tories fis on rloth =nd thgs fezsibility of the concept could not be proven on Dr. Grunbaum will att empt to ha(/ve the photographs released by the National

: class 14 was ,150 Stpted n.hat cnme laboratorzee must believe that the : Aeronauhcs and Space Adrnrmshrétron (NASA).
Cicdove <. i

If is Dr. Gru.nbaum’s

L L':*AA programs u:x;cersiazﬁd r_nd appreciate their PTOblems' and the use of feeling that the Microzone coulct be modified to meet all of

1

the ’:tatement
‘ ' h uld be erformed
C glass was the 1og1c<k1 base, ‘me sys’tem orr which their work she P

of Work requrremen’cs (Dr. Grlg/:xbaurn has such modtf;ed instrumcntsat;;in his

i ' |




R by sl e o e e e

iaboratory), but he feels that the Nanophore will be able to do a significantly
t,., betier job with greater ease, He also stated that GPT has been found to be

‘ 9 urfusable;in dried sta}iins and that glyoxylate may be a gooé-replacement.,
C}._l):oxylafg also has an excellent discrimination ability and basic work on
this syvgt{ém’s forensic applicatidn%are underway in London by Mr. Wraxall,
In ao‘ditiégn, Mr. Wraxall and Mr. Stolorow will work with equipment similar
to thaat‘/{h their own laborztories .(which will be purchased under this subcon-

tract). The results of 21l tésfing, including Dr, Grunbaum's, will be

intercompared to determine which investigator obtains the best results.

MISCELLANEOUS

# Mr. Walsh was interested in determining if anticoagulants such ;‘as‘

3 ACD could be used. It was felt that the use of these substances might lead

to artificial and incorrect results.

] -

Dr. Grunbaum asked if Aerospace had any suggestions on the methods

to be used to collect blood,samples. Aero\space felt that Berkeley was more
involved with this than they were, and he was informed that he should use |

the methods he has already developed for the California grant.

. ' Ms. Derda iq;'aq_ui%_ed as to where the funds were coming from to

~ support the two pi&rt‘—‘tim;‘*te\chﬁi civaqs. The new contract arrangement
with Mrzr. \’\’r'axall,_‘;a;,"ud Mr. ‘St"olcrow as Beckman cornsultants made approxi-
meately $23,: 000 amwaﬂ abl?e“,! .eniough to hire the techni cians. Beckman was
asked to detérmine;if these ind%vidu,als were necessary., If not, the excess

funding might be put into other areas.

Mr. Roberts defined 'technical direction" and stated that normal
inpu’t at meetings was not, andvshould not be, construed as technical
direction. Technical direction can only be given in writing from Aerospace

contracts. If the gubconiractor felt thai technical direction was given, he

e

A

N3
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chould immedialely contact Aerospace for writied clarification. T
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ACTION ITEMS

bt 1. Aerospace is to appr ‘ 2
, e Pprove consultant agreements by 1 February
2. Dr. Grunbaum is to obta]
2in release of phot
" by 2 Tebreany ot i photographs from NASA
";‘}i
3. Response from the subeco ‘ ‘
. ntractor on elution off ics i
required by 2 February 1977. i fab?lcs -
4. L. Morgan is to develo : 1
Ao. P new man-hou d ca
by 27 Semmary 1905, rs and czlendar charts
AGREEMENTS
1. The Aerospace Corporation agrees to accelerating the schedule
so that the crime laboratory démonstration test plan work will begin imme-
d:ately\r after the fea,sibﬂity demonstration test, rather than ten days prior
to the crime laboratory testing, | |
2. Equipment Procurement/modification for five units is t‘o occur
; ?pon d1rec’;10n of Aerospace 2s sgon after the feasibili’cy test as possible

Ly 7.
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Suit; .4040, 955 L'Enfant Plaza::iii_f. H., Washingran; D.C. 20024. Telephone: (202) 4845500
3330-GNR-77-023
23 March 1977
-5 o
Mr. Jean Bordeaux B ///*\\:i_:\\.\.\
Beckman Instruments Inc. oo

Advanced Technology Operation
1630 S. State College Place

“Apnaheim, Californja 92806

Dear Jean:

Enclosed are the minutes of the second Electrophoresis Program

Review held in Berkeley, California, on 15 March $977.

If I can-be of further assistence,
contact mre, '

(f\\_ ‘
Vewry truly yours,

Wﬁ/ﬂ“

' \

Gerald N. Roberts)

‘ Program Mar’iage:@{i

. Blood and Blgcds&"rié‘

f‘ . ) .."‘
"GN'R:jaw
Enclosure as stated ‘
cc: L. Morgan-
‘ W. Walsh
M. Stolorow - ; e
B. }{_Vraxall : &
B. Urvnbaum LU e
) 6’ '

or if you have any questions piease

DA

An Equal Opportusity Employer SR
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MINUTES
OF THE PROGRAM REVIEW ON
ELECTROPHORESIS DEVELOPMENT

) s 15 Ma,d;ch 1977
" ‘:. '&d
)\\

The following agenda reflects the major items and topics considered at

the Electropho;;ésis Program Review at Berkeley, California.

"@ Review of laboratory organization

e Examination of documentation available to eliminate
' unnecessary tasks

® Genetic inarker testing
“ Substrate te sting
; '{‘a "’g_-rNanoyp‘hor,e .Status
‘oﬁ:?PlEnned éc‘tivjfies
‘c Px’:o;b‘flem areas
e Schedule
@ Facility tour

The following persons were Present at the meeting:
'G. Roberts Lhe Aerospace Corporation
'S, Derda The Aerospace Corporation
G. Denault - The Aeroépace Corporation
R. Kennel o ‘ The Aerosj;Bace Corporation
J. Bordeaux . Beckman Iifnstruménts
J. Walsh Beckman Instruments ,
M. Stolorow Beckman Instruments (Consultant)
- B, Wraxall™ N S Becfk:pan Instruments «{Consultant)
© B, Grunbaum .
G, Harmor

B. Del Re University of Califo}nia at Berkeley

© . University of California at Berkeley
" University of California at Berkeley
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those routinely arriving in Dr.

TECHNICAL

The meetmg was opened with an updated program control presentatmn
by Mr. Bordeaux, Beckman Instruments Program Manager. The attached
milestone PERT network was o:str%uted. He explained th‘at blood ’
aamphng and aging experiments were underway. The blooé:':"samples being
used are not being selected for the variants which they possess, but rather
Grumbaum's laboratory under the Gahforma

Office of Criminal Justice Planning subcontract. Mr. Bordeaux further

reported that all of the eguipment specifically ordered for the use of starchv

. ", .
gels and acrylamides have arrived and are operational.

Dr, Grunbaum, Pr1nc1p1e Researcher, felt that one of the major

accomplishments of the program was brmglng internationally quahﬁed
persons to participate in the Programy The general plan for whole blood
analys1s was then explained. Both of Beckrna’n's consul’caa’cs resident at
Rerkeley, Mr., Mark Stelorow and Mr. Bnan Wraxall, will work on
improving the analysis on the preseatly run starch gel and acrylamide
methods while Dr. Grunbaum's two assistants, Mr. Del Re and Mr. Hafirmor,
will utiiize the cellulose acetate techniques. The methods of the researchers
will be 1ntor compared‘ an& the best ones choses. Weekly meetings are
held with all researchers present to compare results and outline the
following week's work. Itis planned that the decision on which methods

aa-e to be used will be reached by mutual agreement among the researchers.

if mutual agreement is not achieved, the disagreement will be dlscussed |

and resclved at a meeting with The Aerospace Corporation with all .

;\,
vy
i

program paﬂ:‘cipants present. ; v ~ /
2, i o
\

Dr. Grunbium also stated that ew?ntually all of the researchers

w1l learn to use and operate all electropborehc equnpment starch,

acrvlamide, cellulose acetate, 1nc1uomg Nanophore.
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) c:umulatlve d:scmmmatzon from 133 to 215,

The topic of discussion turned to the genetic systems wh_ioh will

be tested, The Aerospace Corporation Statement of Work calls for the

investigation of a minirmum of fourteen (14) genetic systems, One of
these, GPT, has not prevnously been run in this country, Preliminary
results; on fresh blood look promxk&ng, but, since blood has a very low
concentrahon of this substance, the method may not work on Zged and

dried blood.

as seen in the early tests, Mr. Stolorow has been working on carbonic

anhydrase and peptidase-A, but no decision has been made on these as of

yet. Both of these systems have poor discrimination abilities which may

limit their usefulness.

Dr. Grunbaum distributed a summary chart (attachment 2)
compiled by Mr., i’?’raxall which listed all the likely genetic systems broken
into three (3) groups, in order of priority to the program. The first
group, composed of EAP, HP, PGM, GLO- IGc and EsD, could provide a
cumulative discrimination of 1 out of 250 if isoelectric focusmg were

used for the PGM, or 1 out of 133 without the use of this technique, It

was stated that the group I systems were reliable, persistaat and afforded

good discrimination,

i

The addition of group II systems, AK, ADA, 6PGD.and GPT

' would 1norease the total number of genet:c system to ten (1 0) and the |

It was xélt by the researchers
that the addition of all of these systems would probably not be worth the

return of the increased discrimination. They also boncluded that the

group III systems, (PCE UMPXK, Hb, GR, G6PD, PEP-A, and C.A II)

will probably not be considered because of their poor dlsc_fimmatlon,

except for specific ethnic groups.

Dr. Gru.nbaum and B&ckman 3 consultants have decided to con-

cen‘hrate their development efforts on cellulose acetate, starch gel and

LN s e

Another substance, glutathione reductase has a good potential,

A R RET T
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acrylamide gel. They realize that all substrates listed in the Statement

ef '\,\'orkkmust be completely tested unless documentation to prove lack

California Triminal Justice program.

of feasibility can be furnished to Aerospac'e.

The iterative process for;(ﬁetermining the most promising genetic
systems and electrophoretic substrates should be completed by 1 August
1977. This segment of the study is intended to optimize the separation

and technique against all of the requirements and facets of the Statement
of Work., When the task has been completed, the planning and preparat:xon

for the Feasibility Demonstration Test will begin.

A decisionwas reachedon the use of the anti-coagulent ACD which
is added to all the blood which Dr, Grunbaum receives under the
The use of ACD will be permtted
in the early development stages of thls program, but before any genetlc "
group i% accepted as a definite component of the flmshed system that group
will be completely tested with blood containing no perservative or anti-
coagulent.

It is sirnilarly recognized that the blood sampleskused in the

Feasibility Demonstration Test also will contain no additive.’

The research approach outlined above will be continued through
'the next reporting period, m addition a]_l of the analysts will work on

"blind samples" which had previously been characterized.

INSTRUMENT TESTING

[ K

»»»»»

calls for the test1ng of the modlfled chrozone, Nanophore, Cvradlpcre,

Shandon, and the Beckman Mu1t1 -zone (a new techmque based on mod:xfzn

cations to Shandon equipment). This W111 hopefully resolve not only the

jdentification or the best genetic systems but the pest eqmpment

approaches also.

B B I R TR
> . [

o - . For the pre:sen"c time the Nanophore units will be used for
cellulose acetate only since the temperature control plate has buckled

and cannot be used. It is anticipated that a new or repaired plate will

be obtained shortly, 2

HAZARDOUS MATERIALS

The discussion turned to the point of possibly toxic substances and
their use in any development system. No substance presently banned by

OSHA or other federal agencies is being used. Aerospace w111 be advised

by the subcontractor about the use of any potentially hazardous material,

Aerospace approval for the use of any hazardous substance is requizred,

T as documented in the Statement of Work.

TRAPNING ¥ =
Ty

There was also considerable discussion concerning the extent of

- the training necessary for criminalists to effectively use any system

developed. The training ié““ﬁependeﬁt on the individual criminalist, but

two weeks does seem reasonable as a starting point.
documentation material planned, but also, possibly, direct training from
the research team. | |

'\

N

ACTION ITEMS AND AGREEMENTS -

“None,
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TUHE AEROSPACE CORPORATIRN (o
iy Sugte A0, USS L, Eufant Pluza, S84, Washingron, 1).C, 2000, l:h plmm {202 85500
S - -
. 3330-.0INR-77-028 : ‘
A May 12, l‘)'/'?k : ‘ :
Mr. Jean Bordenux
Deckman Instruments, Tne. ' ’ : |
Advanced Technolopy Division i X
. . . R\ B
1630 South State Collepge Place Bt
Anaheim, California 92806 o
. ?, s ’i;é
Dear Jean: © S g
Enclosed are the minules of the third Electrophoresis Development \‘
Program Review held at the White Mountain Research Station in Berkeley,
i
~California, on | 4 May 1977.- b
it
If.1 can oe of* further assxstance, or if you have any queﬂsuons, please
contact me. , ;
. Very truly yours,
e K / ' ‘/
' o - .
e : , Gerald N. Roberts
Program Manager
Blood and Bloodstain Analysw.s
GNRins )
Enclosurces {as stated) 7
Seer : : Lo
L. Meaergan. ... ' i
, W, Walsh -
% M, Sloln‘rr;‘.v 4
- B, Wraxally  ° : o ~ ‘
- \J/ Grunb:xum S P Sy
By [“ .
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MINU'TIES OF PROGRAM RIEVIREW » TECHNICAL /
el i “’%HF";
":f ON ELECTROPI;IORESIS DEVELOPMENT = - Mr. Bordeaux openecd the meetmg by distributing and chsc:ussmg
. ‘ 4 MAY\"1977 the attached updated PFRT mllc.ston(. network., After some discussion,
N B N Dr. Grunbaum commenccd the techmcal presentation, Resulls to date
The following is the agenda of the Electrophoresis Development Program indicated the EAP, EsD, 1°GM, Ge, and lip can all be detected up to a
Review held at the White Mountain Rescarch Station, Berkeley, Cahforma. : g : : |
minimum of four weeks in dried stains. In addition to glass, these stains
b
' 1. STATUS OF ISOENZYME OPTIMIZATION o . were removed from pieces of cloth as small as 2 gequare m1111meters.
A, . Fresh Rlood ‘g'y;:!;:.ﬁ . s k Stains have Been extracted by a aumber of techmques, including:
B. Aged Blood G A , .
C. Samples Deposited on Cloth _ ) ° Simply soaking the cloth in a small amount of water,
£ . D, Cumulative Discrimination Calculation
then placing the solution on the electrophore51s sub-
11. EQUIPMENT OPTIMIZATION state, -
: . ‘
AL Nanophore , ) e ; ‘ ‘ )
] B Modified Microzone ¢ ‘ . S Extracting the blood by primary rinsing, centrifuging
E C. Other Systems -] ’ o | o "~ and vortex mixing in a spec1a11y designed capillary chamber,
I PR‘YOBLEM AREAS ' o o | % then cleaning the extracted sample with chloroform. There
TR A, Hazardous and Potentially I-Iazardous Substances | B is no indication that the. isample size requirement of the
'k "“y B. Others ' Statement of Work will be any trouble to meet,
v. : FUTURE PLANS 4 ! Some work on combining several systems on one, "ellulose acetate
' membrane has been undertaken., The four systems, Hb, AK, ADA, and
€ The following persons were presesnt at the meeting: Go6PD, have all been run simultaneously on one piece of the substrate
| ;he Aerospace Corporation " "Beckman Instruments material, Work has been condueted on reczucmg the quantities of reagent
G. Denault j ~ J. Bordeaux | ; necded to v1sun114e the group specific component Ge. This work has
[ G. Roberts ' M. Stolorow (Consultant) :
(: R. Shaier - J. Walsh o ; progrcseed to the pomt where only nanogram quantities of the component
: - B. Wraxall (Consultant) are required. Other systems which also look hopeful are Bis-Albumin,
University of California AT B ' - «GsR, EAP, Hp, and GPT' |
at Berkely - : . . U
¢ B. Del Re The next presentation was my ade by Mr.“Wraxall who descrlbed the
& B. Grunbaum joint work performed by Mr. Stolorow and hlm. The two attacheqd charts
Har : ‘
" (G- Harmor o : descrlbmg which genetic systems have been tested on which substrates
ﬂ_ e were distributed. Work on eight genetic systems (AK, ADA " PGM, GlLO,
* ‘.; - EAP, EsD, I-Ip, and Ge) has been conducted o,n drled blood stams on cloth,

S e T S A B AR, 5
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All were detectable in uxcg"sfs'»-of the 4-weck persistence requirement. No ‘s’ PROBLEM AREAS

interpretation problcms wc@'i-e ca\ised by the addition of the anticoagulant -

3

A list of seven substances which might be considercd hazardous

ACD to the blood pI‘IOI' to stammg, except in the Hp system where there Was o
has Ween developed. These materigls are:

a problcm in corruc.tly mtr. rprctm‘ig?ﬁ phcnotypus duc to the addition ol the

ACD in the blood. Most of‘the work is being performed on starch, but other O-tolidine

substrates such as acrylamide, agarose, and cellulosc acetate are also being Cyanogum 41 gelling agent

tcsted. Most of this work is being conducted without the need of extractions; Leuco molachite green

_in practice, one or two threads of cloth are soaked in the buffer solution TEMED

and then inserted into the gel material. Some problem has been encountered 2-Mercaptoethanol

in the Gc system which seems in a large extent to be dependent upon the N MTT
sample history., This may cause practical problems for crime laboratorxes B PMS
where samples are exposed to moist air and/or warm temperatures. Degra- P i
. / -
dation of the Ge variants in these samples does occur. ‘ ; - . All of thnse substances will be checked with the Occupational Sdfety
; and I—Iealth Aqmmlstra.tlon to ascertain if any are regulated. This is an
Somne work on :runmng simultaneous samples on the same substrate R
; “n action item for AerQSpace and is due by the next program review.
have been conducted by these researchers; prehmmary results indicate = ' '
~that EAI??, GLO, EsD, and ADA could all be run on the same starch gel plate. *j ; o
| L ‘ : ACTION ITEMS
Discrimination of 1 in 200 appears to be reasonable and obtainable. When '
al]l eight systems listed above are utilized, 2 cumulative discrlminétion of 1 , "Aerospaceisto ascertain the hazardous potential of the seven sub-
in 156 is ob‘tamed. The addition of Hb increases this number to 1 in 205, ) stances “md above. This is due by the next program review,
; = \ ) ’ ’
EQUIPM 1:*\7?1* o . AGREEMENTS . ! R
R ‘ . : . ": . i ) Bl .
o : ) 19 .
Wor‘k has been underway “n all of the off-the-shelf equipment, as * Nane. .
well as the]/modv.fled Ivhc:rozones and Nanophore. Work on the Multizone
is just begmmng, and its potent1a1 usefulness is not _known., In order to \
assure thnt the u.mpt.rntur(. control plate on the Nanophore is providing ' | D : 3
rr :‘(” "
“uniform. Lunpu‘atuxu, dihx_nm:tur will be implunted inthe starch gel as
a menitor. B | .
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BLOODSTAIN ANALYSIS SYSTEM
MINUT"‘S OF MEETING WITH BECKMAN/BERKELEY
20 JUNE 1977

The meeting was called to ofder at.1:15 P. M. (‘Pac,i.ﬁc Standard Time) at

the White Mountain Res earch Center, University of California.
kt‘

“ The other itéms-of equipment:

Attendees: The Aerospace Corporatlon University of Calliorma
' ‘ Berkelez
G. Denault BT Del Ray )
R. Kennel G. Harmor i
8. Derda
G. Roberts
R. Shaler

Beckman Instruments
J. Bordeau
L. Morgan
- M. Stolorow
J. Walsh
B, Wraxall .

Eouioment Optimization

Mr. Bordeau olscussed the progress regarding equipment optimization.

The naroohore was not used dL.rxng this period hecause of its removal from
he laboratory by NASA. The reasons for the removal cf the °oulpment was

not known, and its return to the laboratory is. expected Wlthln ore month

V the Mult1zone and Sha.ndon units are bemg

o.sed extenswely, the Gradipore apparatas kas es 't:g'\eme lmztatlons in these

studies.

Svstem (Isoenzyme) Optimization

Fresh Bleod L o SEVE e

]

Mr, Stolofow pi‘-"es ented the results ,/to‘date concernfmg the opﬁixi‘i_izatmn of

Y
it

the 1soenzyrne systems. S : ¢

l. A sc‘lematlc was preseoted (Attachment 1) which :Jllustrai’es

L | the. ranonale oemg used in order to eh.mmate mefﬁment

3 i

efiorts regardi g the use of the different subst,

R1 e “

ates o‘r eqmp-

"\

§ =-J:1<

‘,ment. 'I’he flow diagrams s‘mw* *hat vamous substrates e

| v,:t_,(a‘crylc-_’mme, starch™or cellulose acetate membrare ( AM))

. i s S * R : . 5
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el
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Of -the '/giroup, 111 sgst v:nss, ‘GSR 'Hb and’ GSPD nave been

will be investicated with each system. The system wmch nges

the best r¥sults with & partlcular substrate will ‘then be stuched
with blind trial results, and detectabxhty limits being used as

selection criteria. These studxes should then permit a decision

to be made regarding thewacceptablllty of one or more substrates
for each system. Once the optunlzatmn for each system on a par-
ticular sx..bstrate {s) is determmed ‘che‘ aporopmate item of equip- |

ment will be selected : : \

\

An upoate chart was presented (Atta;l’u‘qen‘t 2) which shows the
\ #
progress regarding the optimization of ea‘ch system on the

different substrates. The chart 1llustra(es that all Group 1

systems are stlll being evaluated. The followmg prehmmary
i
conclusions have been arrived at since the previous program

review:

Ao PGM, EAP EsD have been ehmmated from acrylamlde. ‘
This elimination is due to both theoretical consnﬂev‘atmns
and experimental results. The results showed that acrylas. )
mide severely inhibits the enzyme activities of these Sys- |

terris,

B. 'GLO has been tentatively eliminated on CAM because of

poor resolution of the bands,

c. ‘I‘he a.bove system {are also bemg 1rvest1°ated on agrarose

wel
- D, Gc has been eliminated on starch
E. The poss:.b111ty of doing Hp and Gc simulta neous‘ly on an

- ao.ryiamzde is being investigated.

For thé Gr‘ouvn II syste?ns, AK, ADA and GPT are still in progress.

PGD has been elxmmated for stahs»lcal reasons, and wh-le GPT is

)

fbotentlally

valuable sy stem and fan b4= oetec‘.ed in fresh blood,

zw:.th GPT on drled Eiooo ars unrehab‘le.

il

the results obtained thus fr

L eh.mma ted,
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GPT gives unreliable results as me*ltloned a'bove.

The results chscussed above for fresh b}.ocd are gene,rally apphcable to
dried sta ins. Ihe ex ceptxons are that the studies 1nvolvmﬁ acrylamlde
will not be m:.*mted with dried blood untll wet blood optlrmzat).on results

are compteted. As with .Lresh blo&i G1.0O has been ehmlnated from CAM,

it
P
/

Blind Trials

‘“
{1
>
g )
-
,:f‘

Mr. Wraxall discussed the results obtained from blind trial stildies of
ESD, EAP, and PGM. The researchs have C'o‘ﬁ.él»ud;eﬁ ‘thatjthe mﬁxlti-system
analysis as discussed in the Statement of Work is the most important and most
difficult aspect of the research., They concluded that certain subs‘tratcis |
would have to be eliminated so that the multl syfstem analysis work can
be completed efficiently. The followmg is a summary of the prehmmary
blind trial conclusxons. e
ESD " * It is difficult to distinguish between the resul s obtained
on CAM and starch, However an apparent genetiéally ‘ :

impossible variant was observed on CAM as 2 part'of tixe

OCJP program. It was re-investigated on starch and

found to be a 2-1 p%aenot?pe; Repeated analysé‘;é on starch ©

and CAM showed thie same results. ~Although the origina‘l
) , hc.ndlwng of these samples (form Hawan) is not known, the
results of this fortunate discovery are sufnc:.ent to eliminate’
CAM irom bemg considered for the ESD system.
bl_l.lt'y' of EAP ¢ completely separate the a and b.bands
. during electr 0phoresls with CAM has been noted, ’T‘h1s pre-
sents a potential problem for mls‘ypmg or ootalm.ng incon-

| clusive resu]ts. This problem was reflected in the blmd o o
d iémal results. Untll a tec“mque is arrxved at which can T '

e‘fec* ve’y seoa‘ate thes ‘bands om CAM the use of ﬂns

substrate should beel *n* ?atea as one ox the medmms 1o be

N

N N S

e G AR A AT Y A & B 2t e 5 e b et
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R T R R S R RS

2 m;gﬁummwwmwwm‘ RO

‘ PGM  The PGM system suffers from the same basic problem .as

EAP. The b and ¢ bands are incompletely separated on
‘CAM. Potential mistyping and inconsistent results may be
obtained. The blind trial studies on PGM to date tend to

" support ‘this”‘conclusibn% Thus, uniil 2 technique is arrived

at using CAM wkhich can unequivocally separate the bands, PGM

must be eliminated irom consideration on CAM.

‘viultl SYS tem Aralvsm

cPreh.mmary st\_.dles concerning the simultaneous a.nalys1s of several Sys-

tems on a sing ubstraae have been continuing ahead of schedule-

- o Various combinations of PGM, EAP, ESD, ‘and
GLO are being investigated on starch and agarose
X! Hp and Gec'are being investigated on acrylamide
© AK and ADA combinations are feasible on CAM

and starch.

.There were severa] concerns on the part of the researchers and customer

e expressed:
o There was discussion regarding the interpretation

of the Statement of Work.It was agreed that the

%
[

. spirit of the Statement of Work was to get equipment
and procedures set "dp that wguid be used by crime

labs rather tl;an*’just meeting the letter of the con-

o It was discq‘}‘fiered that twb complete nanophor:;”unité
are not available. The"'Drig:i’nalhinipxession" of bdth,
Becki‘nan énd Ae‘rosvpade was that twb cnits were
| "fabric:ate:d by NASA. The removal of one complete
' uixziit@,},aft the researth ércﬁj ect without a‘function:;l
fnanopfidre. It is e}.pecteq that the ecu‘oment will

be return&d within one month

it
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Action Iteffxs

“Aerospace will determine the reason for the unavailability of the nanopnore . ,

units from the laboratory by NASA. i v

Aoreements

v 0 The onlj;-\..,accepﬁable end Wpro'duct“of this research is the

il
, G
i o
p . Sy
B iy
e
- e
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" There are problems in the visualization of PGM. It

is believed that the cause of these problems is due
to faulty reagenﬁ}s.

There was speculation and questions concerning the

best item of equipment to be used for completion of

the Staternent of Work. These questions arese be-

cause of the unavailability of nanophore.

Additiona! results have shows that the clarity of results

are a direct f:‘élationship to the size of the sample spotted

for CAM) or inserted (for starch).

0

"

development of a systemn (s) which will benefit the

crime labd:i:atories. “ |

Blind trialsv'\will be repéated using nanophore

Equipment se‘ii\ection cannot be made until all \i/v/
: R

research inclufing system optimization and multi-
! T ,

e L, o
system analyms\xs completed.
: Y . ',)\\
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AGENDA

ELECTROPIIORESIS DEVELOPMENT

PROGRAM REVIEW
JUNE 20-21, 1977

N

Prdgram Status
A, Schedule
B. Tasks Completed

II.. . Iscenzyme Optlmiza,};ion

et

Iv. Hazardous Materials Report

V.

O

B, Optimization and Procedures

A. Blind Testing

C. Substrate Screening

D Simultaneous Ahalysis :

.

,Equipm ent Status

Future Plans

ax
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R
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1ind Trial and Detectability S T
WTRETY n::f*Re.sizlts -~ Whole Blood

4 - -, —— * > ’
‘\ (//.‘A/n"'f/"“L B w )
LY ’ . . |
: Zz:?%ri'—y Total St=ims x 4 Correct Incorrect Inconclusive No Activity
oE . 2 [ « vES

Iy SRS e e it 8 s

T I TR R e - e

= , ’ t ] o 12 ? .
%ar250 Ng. : 28 : 8 27 L

| | \ | c
, ; 8w -
' 15 Wg. 28 13 2 . | |

. A . 3 . - u ) 1 s v
” 60 Ng. To28 18 23 (~ ] | | . M

h

~

EAP Blind Trial ‘and Detectability

AY ,
Summary of Results -~ Whole Blood ’

) ) . -- . y - i : o : i
250 Ng. 28 24 . f Total Dl

Activity Total S+sfss.X U Correct Incorrect Inconclusive No Activity ~
v ‘ : ) ; " 4

B, 1 ’.4 -
125 Ng. 28 27 . |

i oo . | . lo = --’<
<! B0 Ng. 28 1 3

500 Ng. - 28 28
‘ ' ‘ _— w B L
30 Ng. - 28 o R
# Results read from Polaroid phot‘qgraph.

i ot o i o a o ar. ans hon o~

-

. 250 Ng. . = 5B 42 2 ‘12 — A

EsD Blind Trial and Detectability 125 Ng. “ 5 13 5 [ }+ | . | ‘ . |

. | Summary of Results - Dried Stains
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Dear Jean:

T-“nclosed are the official rnmutes of the Bloodstain Electrophoresis
Program_ Review that was held at the White Mountain Research Center,
Un~versxty ox Cahforma, Berkeley, 20 June 1977..

Please disregard r,he draft copy Whlch was sent earlier as it included

several omissions. These mmutes

reflect the information that was
presented at the meeting. ;

If I can be of any further assistancé\ plea‘se do not hesi‘tat\“\j‘: to call.,

‘*\
Smc:erely,
ot 0L,
) N . . //
N AR \bert C. Shaler, Ph D,
N . Di \en;{sr ; \\
S Forlensic Sciences \
. N
\‘U
RC8:pl . S Y
’ 1 \\
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 BLOODSTAIN ANALYSIS SYSTEM
MINUTES OF MEETING WITH BECKMAN/BERKELEY
20 JUNE 1977

A s

ing was called to order at 1: 15 P.M: (Pacific Standard Time) at the

University of California

The Aerospace Corporation

G. Denault Berkeley
S. Derda B. Del Ray
R. Kennel G. Harmor
Q. Kwan

G. Roberts

R. Shaler

Beckrnan Instruments

J. Bordeau
L. Morgan
M. Stolorow
J. Walsh
B. Wraxall

+

Eguioment Ootu—p ization

Mr. Bordeau disca ssed the progress regarding equipment ootunxza.\>xon‘ The
anophore waé not used during this period because of xts removal from the
laboratory by NASA. The reasons for the removal of the equxpment was not

known, znd its return to the laboratory is expected within one month The

other items of equipment: the Multizone and Shandon units are being used

| extensively; the Grad ipore aoparatus has extreme limitations in these studies.

Svsterm {Iscenzvme) Ootimization

*esh Blood

| Mr. Stolo*ow presented the results to date concerning the optimization the

isoenzyme sy stems.

1. A schematic was pres ented (Attachment 1) wh.tr'h Lllus:rates =y

the *atmnale being L.=ed in order to elimiznate me’fzcxent

efiorts *egardmg the use of the dxfferent suostrates or
equipment. The flow d’xagrams show, that various substrates

(acfvlamide, starch or cellnplose acetate membrane (CAM)
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the results obyamed thus fz

T A S e s e

will be investigated with each system. The system which gives

the best results with a2 particular substrate will then be studied

with blind trial results, and detectability limits being used as

These studies should then permit a decision

rding the acceptability of one or more substrates

for each system. COnce the optis .“..a.mn for each systern om a par-

ticular substrate (s) is determined, the appropriate item of eguip-

ment will ‘be selected.

An updatechart was presented (Attachment 2) which shows the
; 5o
progress regarding the optimization of each system on the

different substrates. The chart illustrates that all Group I

systems are still being evaluated, The following preliminary
conclusions have been afrived at since the previous program
Teview:

A, PGM,

TAP, Es5D have been eliminated {zom acrylamide.

- This eli.mination is due to both theoretical considerations

and experimental results. The results showed that acryla-

A e e

mice severely izhibits the enzyme activit ies of these sys-
tems. ‘ | |

B. CLC has been tentatively eliminated on CA.\/;v_,because of
noor :esolution of the bands.

C. Tkhe above systems are also being investigated on agrarose

ged, B i

D. Cc ':.as been elirminated on starch

-

E. Tkhe possmmhty of doing Hp and Ge simultaneously on an

‘acrylamide is being investigated.

i

Tor the Croup II systems, AX, ADA,

PGD

and GPT are still in piogress.
kas b.eenl;élim a:ec for statistical reasons, and while CGPT is
:otentlally a valuable systermn and can be detected in fresh.bleod,

+ with GPT on dried blood are unreliable.
Of the Group I systems, GSR, Hb, and G6FD have been elimizated,

b e

e
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; _.;‘he "esults discussed above ior fresh blood are generally appl

i .. on CAM and starch However an

W = on CAM.. ~Poa£entié.l mistyping and ‘1£c;vgnsist"en‘t. Tesults,

e

e o R 3 ey s £y A S B i i s mn i D e 8 it i e AT R Y e g Vo S R et A a3 s S e oeees e + ateian aoereee e ot o et

¥ our: '\’\ ek Old Stains ; _ ‘ S .

a =

e._

‘able tor drle

“stains. The exceptions are that the studwes mvolvwg acrylamlde wlll ool be

|
initiated with dried blood until wet bl ood ootu-nlzat:.on results are completed

As with fresh blood GLO has been eljninated from CAM. GPT gives ufi~

reliable results as mentioned above. : : ’

Blind Trlg.ls

’vir. Wraxall cnscussed the results obtained from blind trial studies of ESD,

EAP, and PGM. The researchers have concluded that rhe multi-system

d

analysxs as discussed in the Statement of ’Work"“‘f the' most x.rnportant and most

c

" difficult aspect. of the research. -They oec:.ded that certain substrates would

have to be eliminated so that the multi-system analysis work can be completed

eificiently. The followmg is a summary of the prehmmary bllnd trial con-

clusions:

ESD ;_ Tt LS difficult to distinguish between che results obtameofj?{

appar ent g enetlcally

i

i
impossible variant was observed rzon CaAM as_g. ps

the OCJP Drogram. It was re- vwestlcated“"‘o

. o fl

5 and 1rou.nc:i t5 be a 2- .1 phenotype. Reoeafefﬁ analyses oni- . =
starch and CAM showed the same rosults.’ Tne a; 1gmal
handling of these samoles (from Hawau) is not known.™ ..

EAP The inability of EAP to complétefy se;ﬁarate the"a‘ arxd b
J.h s presencs a potentlal problem for Wctypmg or
obtaining mconolusu.ve results. This problem wak re-

- f’lectcd ’m the preliminary‘blind trial resuitS;

PCGM 7 The PGM system suffers from the same 'basie'-»probl‘em

=

eparated

o . : 7
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may be obtained, The incompleted blind trial studxes on PGM to

- Cate tend to suppors this conclusion.

L

Tr el*mmary studles concerning the simultarieous analysis of several systems
on a =1nvle substrate have been contln\}mg ahead of schedule:
o Various combinations of PGM, EAP, ESD, and
GLQ.are b'eing investigated on starch and agarocse
'gel‘s. |
o Hp and Gc are being investigated on acrylamide AK

and ADA combinations are feasible on CAM and starch,

Hazardous Materials

The list of hazardous maters.als sent to Mr. Bordeau by Mr. Roberts was

revzewed The dz:cussmn was centered around warnmg ‘the eventual users

of 'this research .2bout the potentlal hazards of the materials. The Berkeley

laboratory {s aware of these materials and wxll be careful with their use.
?"!7 B . . R

stcellaneous

There were. “Several concerns on the part of the researchers and custemer
which were expressed: ’ ;
o There was discussion regarding the interpretation of the
Staterment of Work. It was ag:eed thz‘i‘t’ the spirit of thie
Stztement of Work was to get equmment and procedurﬂs

set up that would be used by crime labs rather tnan just

meet-ng the letter of(,;»the contract. ' . ‘ ~ I

i

o It was dlscovered tHat fwo complete nanophore units are

’ ‘ -~ not avaxlable. Th»c,;/. origindl impression of both Beck‘man
o 7 andAerosPace wa,fg that two u:iits were fabricate& by NASA.
B ‘The removal of one completeo nit left the research project
el »w.ithou: a functiooal nan‘ophore. It is expected that the

FonnTR

ipment will be returneonthm one month S

Y
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o] There are problems'in the visualization of PGM. - It / . ‘s ; AGENDA
() . LN ] ’ ; ‘ ‘ . v‘:*ﬁ.m"‘ ) > - ’ i 1\C:Km"
Cen s believed that the cause of these problems is due § LLJ_.C'IRO DllORESIS DEVLLODM,.\‘T
o <Sivi g
o = PRO = e
d to faulty reagents. B GRAM REVIEW
o There was speculation and questions concerning the 3 a::g &
i best itemn of equipment to be used for completion o] 1
the Staterent _cf*Work.‘ These questions arose bel SRR S
| | 8 I Program St
. % . e at :
cause of Lhe und.vallablll‘y of nanophore. ~ Y us
e ‘ - | Schedule
o Additional r su.lts have shown that tbe clarity of results . , ~ :
U ¥ 3. Tasks | ' |
are a direct re-atzonahm to the size of the Sample spotted . 2 9 AN Completed ’ e E
o . I| ¢ “ 1
P ) . Y .
B (for CAM) or inserted (for sn;a.rch). L, ISOenzyme ODtlmizaticn
Aczion 'terx:ls A+ Blind Testing
‘ ’ ’ ! ‘ B Q tlm T L !
Aerospace will determme the Teason for the Lmavallabdzty of the nanophore P[ ' P zatidn and Procedures ?
e e C. _Substrate § 4
& L..Illts frem ._.;.e laboratory‘ by NASA. . Tate SCTreening co
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o : ; V. Suture Blang -
o  Blind trials will be repeated using nanophore , g g '
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‘ Suite 404(), 955 L 'Enfont Plaza, 8, W., Washingron, D.C.20024, Telephone: {2();?} 4R4.5500
sa , 904:3500
3
sV

: 3330-RCS-77-111_
¢ - August 2, 1977

S L

Mr, Jean Bordeau
| Bethp;zn Instruments, Inc,
Advanced Technology Division S

1630 South State College Place
Anaheim, California 92806

Dear Jean:

o

Enclosed please find th'eﬁagenda for the Tuesday; August 9, 1977 Program
Review Megting, o L ' o
o We expect to arrive in San Francisco around 11:30
convenient to have the meeting start at 1;00 P, M.

A.M. and it would be

Pk ' ‘

I Rovert C. Shaler i

-; . C—‘",‘f'/ . ) :\\

] Director .- ;

] e ~ Forensie Sciences -

. : . ‘

£ RCS:pl

i “Enclosure

4 ce: L. Morgan

. M, Stolorow

ks 1. walsh

£ B. Wraxall o
B A Grunbaum =

B. Del Ray

L G. Harmor

]

® . e . An Equal Opportuiily Employer » “
‘ COMCBAL QUyee TRATLO AT, FISO E4KT TR FETUNCH aouLEvaND CLSLCUNDD CaviFornra : - =l
& = ' : i

’ B R o RO CE e S ‘k . . y o .
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o | Cl MAN- m MK KLEY BLOOD BELECTROPHORESIS PROGRAM m V1w | _ o »
; {$3C\‘ : THE AEROSPACE CORPORATION ( f e
X AGEMDA - , .
s .k “ ’ ) . ' ' st g2 ’ ¢ ‘
‘w:‘ | 5 AUGUST 9, 1977 1:00 PP. M. : N s N S.me 4040 955L£nfcmf’la"a.5w wa:hmgran,DC 20024, Telephone: (“0"} 484-5500
- ) 3330-RCS-77-025 |
, : B . . August 17, 1977
This-program revicw represgats perhaps the most important thus far " - ' o
ané] concrete decisions must be made rcgar&"’mg the scleciion of substirates = .
; for the genetic systems being considered. These selections must be'. S
correct since the successful and timel)f ;ompletipn of this research’and the. /// Mr. Jean Bordeau a . (e
future utility of thg systems which are developed have to benefit the crime : Beckman Instruments, Inc:. ]
o ; fetonh Al b \ t dat ; ~ Advanced Technology Division
1aborator1es. In order to make these decisions all the relevant data muys 1630 South State-College Place
} be put into perspective and revxewed 51multaneously 'Ihus all conclusions - -Anaheim, California 928067 ff
made regarding the future dzrectxon of this program mus t‘be substa,.ntxated ' Dear Jean: - |
; by an mmdepth presentanon and discussion of the data, . ;
) . : o Enclosed are the official mmutus of the Bloodstam mlectrophcreqza
= System Optimization (Selection of Ca_ndidates and Substrates) =~ : Program Review that was held the White Mountain Research Center,
, — ; ’ S R | g — .+ University of California, Berkeley, 9 August 19/7.
The substrates, CAM, starch, acrylamide and agarose will be discussed -
v ; RO . ~ : : . J'hese mmutes reflect the informati s : ~ :
for each genetic system in all three priority groups. All relevant test data or non- . ing ' mation that \yas pr'ess’nfed at the meet- .-
E -sest logic must be presented which demonstrates the suilability of each pai--~ ‘ R S ‘ \
| : , S If I can be of any further assist s, D i
ticular substrate for each gen'"ebic system. The dala should dcmonstrate can- Y aspistance, plea‘se do - not hesxtate to call,
cluswely the reasonmg bemnd the selections to ke made. ‘ ,, . o 8 ncerely, e
B | The results of both blmd trial studxes wxll be presented and dxscussed in : 4o ' W o : QM@ ‘ &LL\ .
/ .- order toassess their meamng, validity and utxlxty in selecting spec1£1c subw. A B ) R ST , i
R strates, : ” R ‘ SR ‘ SR . - ‘ R?bert C. Shaler, ‘Ph' b "
i ‘ V: L L ) : ; ‘ : _ ' Director - .
. € = All original datz should be avilable in case questions should arise, _ : o ST Forensic Sciences : S
] /: . . ; . v " . " t L o ) . g E
R e : ' : v . R Lo 7 ‘ .
Multi-svstem Analysis Concept (System Developmaent) R R RCS:pl
" 9 - - ' ‘ - . . ) 7 : Y &) N - . k . o
It is expected that the seluction of substrates will have been made wilth multis 1IN IR ’ "Enclosures ; e o
. N oo BN ‘ ) . ‘ . ! . - . ) : : . " i = 2 o - ) [ IS B . //7’ -
system analysis phase of the rescarch Ixrmly in mind. Thus any "data which . S 0 ~ R g e J/
has been obtained rcgardmg mulh system conrc_PL dcyclcpmc.nt will bc dxscussc'd T G S R i |
from the vxewpomt of the chcs: en systems anawsub ates. The di cussxon will, = ' -
: s ?_xm:——a-’f“' t ‘
e concentrata on the choice of systems for sxm::ltaneous analysis, the ratmnale of H Lo b
Lhe technical feasﬂnhty of the'concept and the prachcaut\, L o
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PROGRAM REVIEW MEETING = | | -
FLECTROPHORETIC BLOODSTAIN ANALYSIS

é."’ Denault
S, Derda
Q. Kwan

J. B ofrde'aku.

L. Morgan

J. Walsh
B. Wraxall

- '~ BECKMAN/UNIVERSITY OF CALIFORNIA | .
~ 9 AUGUST 1977 =
P4 :
%
ATTENDEES
.} 4" Aerospace Beckman ’Univeré.ity of_California

B. Grunbaum

w3

< “ - . . N . . :

R. Shaler

PROGRAM OVERVIEW AND STATUS

The first portion of the meeting was devoted to a formal presentation by

.Js Bordeaux on-the current status of the proéﬁ'am; (see‘ attachments). While

™

much of the material had been presentnd over the course. of previous meetmgs,
- the prespntatlon served as a concise hlstory of the effort and accomplishments
to date and detailed future plans for the uoccmmg system development phase,

Szlient points of the presentatmn are summarzzed below:
SYST,EMQDEFB\'ITION

The syst ez‘* definition ph hase of the proggam is on schedule a’nd’ wxll be concluded
by 1 Sentember as origin ‘aliy planned. 'I’;he‘blood constituents selected for develop-
-ment yield th e reqmred 1:200 discrimination méex. By continui.ng efforts con-

cuc ted mrectly on t"ns program and prevxous eiforts of the researchers, the SL.b~

>

RS IR strates accepbed to date arestarch gel, cellulose acetate rqembrane and acrglamlde ‘
e gel

Methodologies to run the various constituents on these substrates have been.

[.\

deﬁned The testmg pretocol and results of blind trial tests run on EAP, ESD,

and PGM were presented

2}

b R G e S b e

SN SO SR N

A summary of the

Systern Definition work performed thus far is as follows:

PN

e, Equivalen‘t. - Starch Gel CAM Aé—‘xfigrlamide
ESD GLOL Ge Hp
PGM EAP -
AK ADA &

Current conclusions indicate that a 1:200 discrimination probability is achievable
as is the requirement for use of no more than three (3) setups. Interpretatibn of
results by expérienced readers is unequivocal, however aids may be required to

aasxst crime laboratory technicians.

S-‘BNSITIVIT_Y .ANA LYSIS

A w:ry br:.ef presenta&mn vma made regardlng sensxtxvxty analysis (i, e., that

samplﬂ levelwat which uneqaivocal mterpretatmns can no longer be achisved),
~however, it was decided to delay any further discussion of this subject until a

future date.

SYSTEM DEVELOPME*\IT

Work on the system (developmentk p’ortibnk of the program-will begin as scheduled
on 1 Septembér, This effort will a«bncentrate on cqmbinii;g compatible blood

constituents h:v zinimize operator effort, time, and cost,

Ai"ef the formal pres’enta*ion wWas oncauded each of the selecte-‘ blood corsm-
tuents was discussed mdxmdually* with. Ae.ro::pace persmmel reviewing actual elec-

trophoretxc plates and pbctog*aphs with the researchers.

appear to be ancouragmg \/Iult;ple system optlmxwatmn ‘will be pur syed in depth

dur.ng “he system development pbase of the program,

R e A R TR e

Some prefliminary work hasbeeﬁ done on multiple system o‘p‘timization and results ‘

S
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© BLIND TRIAL TESTS

,PURPOSE

10 DETERMINE RELATIVE ACCURACY or PHENOTYPING UNBER STANDARDTZED
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‘RESULTS OF BLIND TRIALS - FINAL READINGS ;
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.. SENSITIVITY ANALYSIS [CONTD)
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METHODOLOGIC CONSIDERATIONS |

e ANALYSIS S MUST BE. PFRFGRL 1ED ON ALL SYSTEMS USING 4 WEEK L
| - STAINS a SEVERAL \E G., 1) DECREMING LEVELS — L s

0

| | e SUFFICIENT ANALYSES MUST BE PERFORVED T0 ALLOW
Pl BT INTERPRETATION OF RESULTS -
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- COMPLETE

® OTHER F.ACTORS MAY BE FORCING F UNCTION |
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1 PLAN FOR SYSTEM DEVELOPMENT (CONTD]

SELECT MOST PROBABLE CONPATIBLE SYSTEMS
P o
- BUFFER COMPOSITION
> SEPARATION TIME
~ SEPARATION DISTANCE |
VOLTAGE e

EMPIPICAL INVESTIGATEON PITHIN THIS RANGE TO DETERMINL ABILITY

10 ACHIEV[ UNAFBIGUOUS INTERPRETATION

PRE{ MINARY STUDIES - NHOLE BLDOD

 CONFIRMATION STUDIES — BLOOD STAINS
. INTEGRATION OF CHEMISTRY AND HARDNARE‘ ,,'

~ HARDWARE SELECTION . :
HARD%ARE DEVEL”PMENT
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THE AEROSPACE CORPORATION
. Suite 4040, 955 L'Enfant Plazs, S.W., Washington, D./é[f‘f)usz, Telephone; (20249845500
© 3330-RCS-77-030 R |
’ : '~ ° 17 October 1977 e T TRy
- {:‘5 4 /;:

Nr., Jean Bordeau -

Beckman Instruments, Inc,
Advanced Technology Division
16320 South State College Place
Anaheim, California 92806

Dear Jean:

Enclosed are the official minutes of the Blocdstain F‘lect*ophoresza
- Program Review that was held at the White Mountain Researcﬁ Cerx-
ter, Uni vers;ty of Cahforma, Berkeley, October 3, Y77, wpt

These minutes reflt\ct the information that was presented atr’the ,
meeting, I Ican be of any further asslstance, please do not hesxtate
PRy W .
to call, BN : B .
o
= o
3 .
R .
e , L Robert C. whtler. fPh D‘
Dzrecfc}a : v :
—~TForensic Scxenc es R
"RCE:pl iR T
; 3 Y 5 7 {,‘
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PROCRAM REVIEW AND STATUS

The S**stem Development Dortw of the overall program began as scheduled

1 September 1977 Based on the work performed during the System

‘.\‘VEI‘DE’?,“lthD phase and the Statement of Wo Tk requirements calling for no

more than three (3) electrophoretwﬁset ups, the major thrust of the System

Develo.pment effort will be the mtenswe further development of the s‘arch/a garose;

‘substs rate. This substrate was selected as it shows apphcablht'y to the

: largest number of selectad constituents and also shows gomd potentxal for

mu’ilsystem analysm. :

-
S'kS.c...,. { D::,V "‘LOPMENT
1. Cordir ation Tects Sy :
: : \ %
A series of test: ha\e begn c\nnducted Which cox bo'y) uhe z esults obtamec
in me Bling Tralls conducted \Qurmg Sy stem Dex*mnon. These tests
L. were performed using system\\s and met_}mzcolagifﬁes dfeveloped during
Svstem De mlhom o
%i‘ e © %
i} fl\; »
g i
ik i \\ . &
) ] :
if

A : PROGRAM REVIEW MEETING
ELECTROPHORETIC BLOODSTAIN ANALYSIS
"BECKMAN/UNIVERSITY OF CA LI.FORNIA ) K
o - 3 OCTOBER 1977 i
; . - N o .‘
Aercspace Beckm#n University of California :
G. Denault o TeoT, Bordesu +~ B. Grunbaum
S. Derda . L. Morgan
Q. Kwin,. J. Walsh w
R. Shaler™” B. Wraxall R
]
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2. .Simultaneous Analysis (Serial Separation) & /
= /

SN

FEAS ém*ry DEMONSTRA TION TEST PLAN

Selected constituents have been grouped for further development and

preliminary results are as follows:

o Group I . PGM, EsD, C:LOl high dec':ree of confidence

for use 25 a practlcal s"stem

o Group II - EAP, AK, ADA: EAP and AK are acceptable

now with 2 good probability of including ADA
o Group III - Hp, Ge; considered possible, however con- P

‘siderable additional work still required.

3, Sequential Analysis .(Parallel'SeparatiOn) , ; “

While results obtamed to date ‘nclude good probabxllty that prog*am
'reqmrements can be met usmg the Simullaneous analysis system c}e-’f
scribed zbov e, efiort is also 1 being curecteo toward the de‘»élooment of

This e.ffor‘ w111 be

S

2 svstem ut ilizing sequential analysxs.r ontmued

P

until such time as the simultaneous anz lysn*‘ system h'ss been fmly

cdeveloped and the patent&al for SYS:%H}‘COIHPI‘D{TIISGS h_;z_,s, been ehmmat»eé.

Details of the confirm .“a"w«n tefts, svnulta*:eous and <ecuent1al analy‘~

ses are cont amed “in the attached ! andout which was presented at the

meeting., " ~ ' DRI \ .

4,  Fouiprment Selection

W
e

ults obtained to date, possﬂaie cHoxcz:s of eoummeqt havdz’

been v*ent:.-led and availability and prlcmg data on the pote.ntlal eqmament
has been collected Final equxpment selectwn, howevf:r, is syctem

ceoencmxt. L S

0
+

. J---bmlt to A crcspace a draft F easxbzhty Dvmonst*ahmn Test Plan

heir propos»d plp'z for the content and conduct of th e test A\qu;;;_

fon of tms draft pian, nc;wever, the following agrec,.,ests we:‘ia q

e

o To establish Beckman/Berkeley confidence in the referee methods
: and laborat%ry chosen b/ Aerospace for the Feasibility Demonstra-
rf - tion Test, fresh blood samples will be analyzed by both Beckman

and the referee lab prior to actual test, Results of this {resh

blooa analysis will be compared to determwe if discrepancies exist

and fhe reasons for any ui“scrcpanmes.

© Aerospace will obtain the cloth for the samples to be analyzed at

the ‘Feasmlhty Demonstratlon Test {from the Berkeley Laboratory.

s /
v o Samples to be analyzed for the Feaelblllty Demonstratlon Test will

- contain no anti- ~coagulant,

CRIME LABORATORY DEMONSTRATION TEST PLAN:

Beckman will submit to Aerospace a draft Crlme .Laboratory Demcnstratzon

Test Plan contammg their proposed plan for the conduct of the Crime Lzbora-

tory tea&mg portion of the program including tram*ng met"xods to be employed

4

for the fou:r labs chosen to partmxpnte in the test,
v i
Draft coples of both the F eas:.blhty Demonstration Test Plan and the Crime

‘ Labora*ory Demonstratwn Test Plan wxll be submitted to Aerospace by 24

October 1977,

el . - :

ACTION ITEMS AND AGREEMENTS

(‘T;:_a\

~As stated zbove, - E ' IR o -
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MAJOR TAS rfs - SYSTEM DEVELOPMENT
RUN CONFIRN“’TON TESTS .
-~ REVIEM SUBSTRATE SELECTION . : g
REVIEW SYSTEM VARIABLES ‘v, S CI '.' e
ESTABLISH GROUPS OF CONSTITUENTS Db '

STARCH

CAM A

ACRYLAMIDE o,
- AGAROSE LT o

4, ESTABLISH LIMITS FOR PRDCESS VARIABLES e
PH | ’klﬁ“ o | ’
BUFFER COMPOSITION EROTR S
SEPARATION TIME- SR

 SEPARATION DISTANCE

; , ' . o

5, RFVIFW DATA AND SELECT COMPROMISE VALUES FOR THE PROCFSS vARIABLES
- FOR EACH GROUP OF CONSTITUENTS = .

6. RUN A SERIES OF TESTS WITH EACH GROUP TO BETERMINE ABILITY TO‘
ACHIEVE ACCURATE PHENOTVPIN b .
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National Criminal Justice Reference Service

ncjrs

While portions of this document
are illegible, it was micro-
filmed from the best copy
available. It is being
‘distributed because of the
valuable information it
contains. |

9
- National Institute of Justice ;
United States Department of Justice

Washing‘tqp, D.C. 20531
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. NUMBER . NUMBER °  NUMBER
- QUESTIONED - CORRECT ~  INCORRECT | |
CCAM__ STARCH  CAM_STARCH CAM STARCH |

P / NUMBER OF . NUMBER OF
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| CONSTITUENT _ANALYZED VARIANTS :READINGS
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CONFIRMATION TESTS

i

PGM

- EsD

CELLULOSE ACETATE.

KK

ACRYLAMIDE

HP t GLO“I .

15
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STANDARDS
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 PATIONALE  FOR SELECTION OF STARGH/AGAROSE SUBSTRATE

T -

et 'j ; e e B e \\K“ T
BLIND TRIALS SR
. DEFONSTRATED NEED FOR HORE “THAN ONE TYPE OF SUBSTRATE. AN,
| STARCH, ACRYLAMIDE STILL UNDER WESTIGHTION, - T

v
va

REVIEW OF SYSTEM DEFINITION SUMMARY SO R

- STARCH GEL SHOWN AS APPL‘CABLE TO LARGEST NUNBER ﬁr
N CONSTITUEN

) . i S

MULTISYST[M ANALYSES REQUIREMENTS

THREE SUBSTRATE LIMITATION IN STATENENT OF WORK. APPEARS
POST LIKELY TG BE MET HITH STARCH/AGAROSE. Ea T
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T S R - CONSTITUENT GROUPING ~  “ 3 °
A PH.5,0 5.9 & 6.8 Co A 8.3, " . 8.6
: | / \ - - w / \ . .

| R
R

- CONSTITUENT AK  EAP  ADA GO EsD.  'PGM
| AGAROSE/STARCH | “ACRYLAMIZE |-

\\\\ ///// | \\\\\
PS.S—63 | | e | | w3

 SUBSTRATE | STARCH
| i

. SR B oo
3 b | MGAROSE/STARGH | T RS
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_S!MULTANEGUS ANALYS!S DEVELOPMENT

GROUPS TESTED

1. PGM, EsD, GLU I
2. EAP, AK ADA
3. HP, Gc

4, PGM, EsD, AK

SUBSTRATES USED:

1. GROUP T = STARCH/AGAROSE

2. GROUP I — STARCH -

3, GROUP [T ~ ACRYLAMI bE, AGAROSE
oy, GROUP v - CELLULDSE ACETATE

| NUMBER OF EXPERIMENTAL RUNS MADE'

1. GROWP I -65
2. GROUP 11 - 47
'3, GROUP 111 - 32
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| GROUP I

- SYSTEM DEVELOPMENT PROGRESS

PGM, - sD GLOI

&

B B

L@

SUBSTRATE ~-12 AGAROSE HITH 22 STARCH
UHEEK-0LD STAINS HAVE BEEN CORRECTLY TYPED

RUMNTNG TINE REDUCED FROM 4 HOURS (O STARCH) T0 2 T0 3 qomas'~
zwé”bVED SEPARATION OF GLO AD EsD ¢
SEPARATION' DISTANCE 1S 6 T0 7 INCHES. o

CONTINUE~DEV£LOPMEFT 10
. DEIERM NE LIPITS FOR A40 PT OF STARCH:

!

v~;;53///4»~ OPTIMIZE GLO REACTION MIXTURE

- OPTIMIZE EsD REACTION BUFFER

HAVE HIGH CONFIDENCE FOR PRACTICAL SYSTEM ST
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s 1o GROUP 11: EAP, AK, ADA

;%% ﬂ" B . ~ QSWNME~SMMHWWEWMM&Y%M%WWMWORMM%E
® SIGNIFICANT IFPROVEMENT [N EAP.PHENOTYPES
" SO IWPROVEWENT IN A PhENOTYPES—

¢
- ADA SEEMS TO REQUIRE SLOW ELECTROPHDRESIS TO OBTAIN GODD _
REACTION :

© K ANDEAP TEND To OV[RLAP MY HISs 31 VARIANT ~

et 40 R 1 e INDIviDuAL ENZYMES HAVE DIFFEHENT SENSITIVES T REDUCING
o . heNts

(o {;;,w ;§$5?, . e SEPARATION DISTANCE IS 6 TO 7 INCHES

S

: ° EAP AND ALARE ACCEPTABLE NOW: HaVE 600D PROBABILITY 0F4¥
N IRCLUDING ADA C

s ,p'*“"‘"‘!

i
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_ SYSTEM DEVELOPMENT PROGRESS (CONT) =~ '

- : E
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GROUP 1 Hp,,ec

i

“THESE CO’STITUENTS ARE THE NOST DIrFICULT TO COMBINE EVEN THOUGH )

BOTH ARE PFOTEINS

&ANTIGEN"ANTiBODY CROSSED ELECTROPHORESIS SgPARATES Gc WELL, BUT
ONLY VARGiNALLY FOR HP -

@ACRYLAMIDE SUBSTRATE WITH Hp DETECTION WITH 0 TﬁlIDINE AND Gc BY .

INPU“OFI?ATION SEEMS VORE PRACT [CAL THAN: AACE

@¥”TH STAIP,,QR ACRYLQPIBE; EXCESS Hb TENDS TO MASK THE VARIA
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i “THIS GROUP IS STILL CONS DERED POSS IBLE, BUT WILL REQUIRE MUCH MORE
-+ WORK. A DECISION AS TO s PRACTICALITY WILL BE MADE NO LATER THAN

- NOVEMBER 1. . e
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ORDER OF ANALYSIS.

 SAHPLE PREPARATION

| TOTAL TIME (MINUTES)

T e et e R £
& ¢

SUBSTRATE -

o
e
.;;g.;,QAM ,

’ \ Gl B
ACRYLARIDE

ACRYLANIDE
CGEL

© SEQUENTIAL TESTING - SINGLE CELL

HANDS ON
(MIN)

15+
15

95

o

35

Aiem——iod

15
(2 HRS 15 MIN)

— 0

APSED TINE
M

60'3’

/5
. 60

b

150
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| POSSIBLE CHOTCES OF EQUIPMENT‘f"

1.

~ SHANDON
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EQUIPMENT SELECTION

CligmEmri. o
i A

COST CIMITATION - $6000 CAPITAL INESTHENT ~

‘,TRADEOFFS‘INVOLVED I EQUIPMENT SELECTION |

I

SER IAL SEPARATION V8 PARALLEL
SIMULTANEOUS ANALYSES VS REPEATED SINGLE CELL

X

e S
e

!

- WODIFIED WICROZONE o

LBy
e

NANOPHOR

MULTICELL e

MULT PHOR ~ LKB iNSIRUMENTS
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22

~ FEASIBILITY TEST PLAN |

SOW REOUIREMENTS -~ CRITERIA - ACCURACY

ACCURACY ACCURATELY IDENTIFY THE CONS
OF 90% OF THE UNKNOWN STAINS

DEGREE OF INDIVIDUALIZATIGN - 1 IN 200

RAPID Y -5 MANHOURS EFrORT IN 24- HOUR PER 10D PER STA’N -

~ DEGREE OF INDI%&DUALIZATIOI
« RAPIDITY

COSTS |
- CLARITY OF READING

CON

,t_‘

COSTS - NOT T0 EXCEED $25 P%R AﬁALYSIS -

CLARITY OF READING - SUBJECTIVE REQUIREMENT TD BE DEFINED

NUNBER OF STAINS ) -

NUMBER_OF TESTS ) -

3

,ﬁ&mmmﬁmi

ANHOUR LIMITATIGM~»6Q HOURS |

Txrusmrs N A M NIMUM ¢
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EQUIPHENT AVAILABILITY

 HODIFIED chaozsmz ~ NEEDS COOLING PLATE
‘NANOPHOR - Now LICENSCD ron MAQUEACTURE
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