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blood grouﬁ system,

Final Project Repdft

by

" Peter R. De Forest and Robert Rothchild

- Qur overall projecct was afpilot_stday'designed to dévelop
and evaluate a novel approach to cellular antigen typing in
dried bloodstains.  Whilc this study was confined to the ABO
» the contept had thc potential of being
5ppiied to other red blood cell (RBC) antigen systems as
well. The 1oﬁg range goal was the devclopment of applications
to other antlgen systems with the possxb111ty of maklng all
RBC aﬂtlven determinations simultancously. The potential

Jor

usc with semen or hair samples could also be an outgrowth

of this work. Our approach consisted of several more or less

distinct phases.

The first pﬁase involved deSign and syhthesis of taggant .;

molecules. Thesc taggants had to be capable of attachmeﬁ?”

to purified antibodies, with a different tag available for

cach different antibody. The uniquely labeled antibodies werc
to be dpp11cd to a qamplc of dried bloodstaln, aIIOW1ng homologous

(labclcd) antlbodles to bind to hlood antigens; unbound anti-

bodicq would be washed away. The washed sumple would be
treated to quantltatxve]y 1cloaso volatlle Eraoments that uou]d

be chromatographtcally scpgrablc permitting the quantxtatlon

‘and identification of the specific antibodies which had been

i

hound T , B . .

The. sccond phdsc 1nv01vcd the collection of bloodst ains -

of different ABO grogps nnd~d1£ferent ages,'prepared on a_
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variety of substrates. »The third phase dcaltﬁwith the

prcparationzuuipurification of immunoglobulin fractions. Anti-

body fractions of exceptionally high purity and specificity
were sought to enhance the effectiveness of the method by
minimizing interfercnces. The fourth phase dealt with the

actual conjugation of the taggants to immunoglobulins and

purification of the tagged antibodies. A fifth and final

phase involves testlng of labeled antibodies and method eval-

uation. Activity and spccificity.were to havc been determined
for the labeled antibodies and conditions optimii}d for the
‘liberation of the tag molecule. A very substantial part of
thls project was .to be concerncd w1th the detalled K laboration
and construction of médifications to a pyrolyzer and gas. ‘Chroma-
togranhlc (gc) system and anc111ary dev1ces required for the
actua1(11berat10n of tag molecules from samples and for the ‘4
sensitive detection and determination of these tag molecudes.
‘Thisulast asﬁect turncd oUt to be'oné of the most crucial
and demanding parts of the entire pro;ect |

Vlrtually all areas outllned above as part of our maJor

s}

~pr03ect goals have becnwexamlned_and 1argely'completed« A

summary of our successes and difficulties comprises this Final
o G . . L {7

o

Report. ;~ , ) ‘ EREN ‘5
Phasv I, the de51gn and synthe51s of taggant moleculeS"'.
'Examlnatlon of ‘the 11tcxaturc 1ed uq 1n ‘the d1rect10n of -
producing taggants that would bc attached to C—amlno groups

of ant1body 1ysxnc rcslducs by formatlon of a thlourea llnkagef

C -

via rcactlon at 1<othlocyanatc groups. The method of 11berat10n'
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of chromatographically scparable, detectable and distinguish-

t
able t%gs” was‘selccted to ‘be the mild pyrolysis of a Diels-

Alder adduct.. The dctectable molecules, formed by pyrolysis

and retro-Diels-Adler cleavage,'Were,to be a series of

N- substltuted malelmldcq Our target molecules were selected

as being. made up from the addition of furfuryl isothiocyanate

- to different maleimides., ¥

These compounds were prepared as follows:

CS,, bcc
—-é “ — _
G HyNH, CH,-N=C=5
Furfuryl isothiocyunate
g ﬁ) &
> - acetic
CNH q anhydride 0
o0 + hN-G - ~H,0
| COH NG
malelc e | o ~
anhydr1de ‘maleami |
a ic ~ ..
acid maleimide

CH,NCS

DielszlderQadducts

A? extensive series of muleimides was qyﬁthesized by the 

above scheme or purchnch xPart oi our concern was to develop

“‘ a detectlon tCChnquL that would bc except1ona11y sen51t1v 3
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ions (or metastablc peaks consistent with the molecular ionj

The maleimide structurc was selected as being a good Diels-

s

e
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Alder dienophile (to permit adduct synthesis) as well as’possossinx
~good electron affinity. The latter feature should assure

 facile detection at low' levels by means of a ésNi electron

capture detector (ecd) on a gas chromatpgraphl‘ Modifications

of the group G would of fer .a simple means of synthesizing

‘different 1abeis fo} attachment to different antibodies; the

different maleimides should be gas chromatographlcally separablce

w1th a silica can111ary column. Some ma1e1m1des were commer&tally

i

available and many others were synthes1zed A number of thcse
malelmldes were previously unreported compounds. Some analogs“

were also examined, including maleic anhydrlde and some 2,3-

>

dichloromaleimides. Although the latter promlsed enhanced

&

d1enoph111c1ty and detection 11m1ts by ecd these systems were

evxdent1y very labllc. Reactions with these compounds ev1dentl?
-

resulted in polymcrlzntlon and formatlon of 1ntractablo tars.

"Charnctorizutlon of synthoslzcd malcamlc acxds, ma101m1d05

and Diels~Alder adducts thh furfuryl 1sothlocyanate initially" ’

.rosted on. Lnfrared (1r) spcctroscopy,'mass spcctromctry (ms)

and ultraV1o¥9¢ (uv) spectroscopy ‘Much later, 60MHz proton
nuclear magnotlc resonance ( H nmr) spectroscopy was carried

out on these compounds fOIIOWLng tho ncqulsltlon of an nmr

?spcctromctor through an NSF grant to the co- pr1nc1pa1 1nvest1-

gator, Dr. Robert Rothch11d Selccted' amples were also sent

Gto outside anqut1CAl lqbs for elcmcntal analys1s. Ir of

adducts showed antlcxpatcd absorptlons of the 1soth10cyanate

gtoup and carbonyl rcsonances. Ms generally revealed molecular

o N

)

N

and, importantly, strong ooaks at m/z values of furfuryl
isothiocyanato and’thc corresponding maloimido. This was
considered suggestiue of a facile’retro-Diels—Alder reaction
occurring in theAms source and supoortcd our belief that

pyrolysis of bound, tagged antibodies would similarily release

~maleimides fgr gc detection, Correct elemental analyses were

obtained for several‘fcprcsentﬁtive adducts. with the
subsequent availability of nmr for analysis of maleamic ac1ds.
ma1e1m1des and adducts, V1rtua11y all compounds were clearly
shown to have spectra consistent w1th_the»3551gned Structures.
Purity was generally good or at least adequate for our
preliminary“investiga{ions. Many of the malcimides selected
for study worc N-phenyl maleimides with halogen atomsKSubstituted
on the bcnzeno %ing. These compounds held the promise of “‘
-, B

particularly high sensitivity detection by ecd.

At lcast six maleimides were shown to elute cleanly w1th

'roasonablc retention tlmcs from a blllca caplllary column

coated w1th a non- polar phase (methyl 5111cone) in a SO meter

lenpth, at least six others were more extensively retalned
but, in most cases, WCrcksatxsfaqtorlly eluted using a shorter

column. Only one pair of maleimides appeared to be indis-

"tlngulshable basod on thexr rotentlon tlmcs. These were tho

It

‘N 3- Lodophenylmalelmldc and N-4- 1odopheny1ma1e1m1de. All other

olutjng mulclmldcs Lould rcadlly be d1st1ngu15hed by thclr

',rotentlon tlmco. Fhus, tho chromatograph1c stablllty and
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differentiability of a suhstantiul"nuhbcr”of,these maleimides -

[

Hand could, in principle, permit labeling

[T

of a corresponding.number of different antibodies to allow

has been demonstrated.

:simultaneous determination of their homologous antigens.

HEN

" Phase II, the collection of bloodstains:

o

T A colléction of aged bloodstains on various substrates was

&

prepared. The bloodstains have been stored under different
conditions to study the effect of difforent"saﬁple ‘storage
condltlons on overall tcst rc5u1t§ and to ultlmatcly o
simulate- drlcd bloodqtalns as they might be available from

real gasework.
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‘IgM fractions with specix

Phase III, the preparation and purification of immunoglobulin

fractions:

Several sources of ARO ang}scra’wore e;aluated.
,/
antiserum preparatlons were .tested and fractionated to
yield purified IgG and IgM f§§ctions.

.which were developed for

The

The purification schemes

the required antibodies were used

initially for production of small amounts of purified IgG and
cities for A and B agglutlnogen.

These fractionation schemes arc partlcularly well- sulted to being
scaled up to produce ]arger quantltles of the antibodies.

Another major advantaqe of these pur1f1cat1on methods is their
rgfinement to the point o[ being cprr}ed out simply. Scale-up
of the purification seduence was confirmed by preparation of
larger amounts of the immunoglobulin fractions.

’ - W “ >
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Phase 1V, thé_coﬁjugation of a taggant to{immunoglobulin:

Fér ﬁrcliminary cvaluation of the purified antibody fractions,

conjug ation with fluorcsc;xn isothiocyanate was carr1ed out,

with the conjugated dntlh0d10$ then applled to the problcm of

typing dried b;oodstalns and other systems, Fhe fluoxesc01n

1sbthiocyanrto LonJugatxon was pcrfcrmcd on exccedlngly pure

“Igh meunoglobulln fxaatlons which were to be used as anti-

ki

bodmos 1n;subsoqucnt tcwts. The tluor*sccin-lﬂbclcd immuno-
globulin was<selegtcd to provide a modol of a tagged antibody
derived [from our frnct:onatlon scqucncc.
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out to check general activity and specificity.

~using epi-fluoresccncc“microsCopy}

"”8 - ) bl
Phase V; testing of labeled antibodies and'method cvaluation:

Followiﬁg conjugation of our antibodics, tests werc carried
: "Non-specific
binding"‘of the tagged~antibody WOuid be an undesired result.
arlytestsw1th hair root sheath cells were excellent, but
d1ff1cu1ty was experlcnced typing certain klnde of bloodstalns
as well as keratinized hairs. The latter had becn crushed to’
previde better ecéessvfbr the 5ntiserum to antigenic sites with-
in the cortex. | o

Extensive tests were Carried;ouf to evaluéte suitability
of these labeled fractions for;hée“with dried bioodstains. |
The fluorescent aﬁtibody'COpjugate was employed in attempts to
type dried bldodstains'by q;difcct immunofluorcscehce technique
This dried bloodstain work
was unsuccessful despite the fact that the reageng”gave cxcellcu}
results with fresh blood, fhesc fcsults parallel thesc of ™
othch“Whp huyc’attemptcd to apply immunofluorescence techniqucs

to typing.dticd bloodstains. - Thus it would appear that the

previous workers' dlff]CUlthS did not stem qo]clyfrom meurltlc%
in their antiserum preparations.

Some of the difficultics cncountered in our evaluqtion
were attributable to autofluorcqconcc of the blood as a result

of changes whlch take place on drying, However, problens of -

this type should cause no dlfflculty w1th the proposed method

-which does not depend on fluorcscence for=detection of the

antibody labels. Thus this dutofluorescence peeblcm is peculiar

to the fluorcscent antibody proccdure, but other problems may °

o

e e

emerge as being of direct concern to this study.
problem, e.g., indications of non-specific binding of the
lebeled antibody, will have to be solved for effective

utilization of our technique.
Due to ‘the unique simultaneous multi-antigen detection
capabilities 1nherent in our proposed method, a novel mecans

of deallng with non-specific binding suggests 1tself One

-label could be used to tag an IgG which would not be expected

to bind W1th the samplc based on antibody-antigen specificities.
After ana1y51s the quantitative nature of our data would allow

a correction factor for non-specific binding to be applied.

~¥,

One such v
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was expectcd to be desirable for deéo;ption from the trap.

Our gc hardware-rclated work may be considered '"Phase VI':

Very extensive work was required concerning design and
fabrication of special new hardware for the planned pyrolysis -

i3
gd‘(pgc) wdrk. Considerable modifications and modernizations

i
of our basic gc system were undertaken to upgrade our instrument
@ o

for "stateéof‘tho-art" performance. During thc course of the
spﬁdy, reﬁ%atcd fépairs became ncccséary.

Thrég special ovens were designed and méunted for indcpcn:
dentafﬁermig_control of a sample splitter (to permit use of
capillary cofumns), a valve oven (for our ten-port valve) and

a trap oven (for desorption of trapped pyrolyzate). ELach of

these ovens was separately controlled and regulated by a temperaturce

>

control module we designed, built and calibrated using thermo-

couple sensors. Although splitter and valve ovens'weré:to be

]

. . . : . - o
maintained isothermally, some tempcrature programming facility
_ e

All of thesec ‘assemblics entailed construction of mounts..for .

attachment to or near the gc.

Interface plumbing was plannéd and constructed. Some “
modifications to the gc for capil;ary column ﬁse included incoyp-
oration of make-up gas inlct‘fittings and 1/16" hardware fittinﬁs

» for the dctcctor;,hgtc. A?samﬁlc splitter wgi mounted and tested
for flow rate calibrations. Tbis sp}itter was to be used for ‘
injected samples during carly testing stages to estabiishz

for ¢xample, gas chromatographibility and characteristic retention

times of our synthesized maleimides. This would pérmit estab-

lishment of reproducible standard conditicns as to: isothermal

s

1
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o

column oven temperiaturc or column oven program, injectgr and

splitter temperaturcs and standard retention times of the °

actual moleculc§ that would u}timutcly be liberated from tagged
antibodies bound to a sample. Relative flame ionization detector
(fid) sensitivities of the different maleimides and quantitative

rgproducibility were examined. Results indicated the desirability

of using a shorter silica capillary column, 12 meters vs. 50

‘meters, for enhanced sensitivity and shorter retention times.

These retention times would ultimately determine the identity

of the specific maleimide releascd from a sample and would

~imply what antigen had originally been present in the Saﬁple.

!

After preliminary work with glass capillary columns, we selected
newly developed silica.capillary columns because of their
ruggedncsé and their convenience in usec. 5

As part of .the general rcefurbishment of our gc, testing

B

and calibration was performed.with 1/8" packed celumns as well

as glass and silica capillary columns. The latter werc found

most efficacious and were evaluated both in 50 and 12 meter
lengths. The dual fid detectors and ecd were tested and
'calibratgd after cleaning and overhauling. Wipe test evaluations
of the clcancd ecd were performed to confirm operational safety;

such tests were performed regularly at about three month intervals.
0 : .

o

Ecd checks were run in both DC and pulsed modes. Optimized -

pulsed ccd operation was planned for final work. The use-6f

bromobenzene as an ccd response standard was considered. -
Much of this g¢ work was plagued by repeated equipment

breakdowns associated with substantial age of the basic instrument

;
4 "
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by the high temperaturc at which thev operatc.

and ancillary cquipment. Often, parts were no longer available:

Erom the manufacturer. In particular, the basic pyrolyzer

and associated pyrolyzcr modifications consist of man; delicate
plumblng and electrlcal llnes subject to breakage, agqravated
A number of

1mprovements, including fTabrication of special Teflon parts,

have somewhat improved the robustnese‘nnd dursbility of the unit.

,Improved sampling technlqueb were claborated, folloW1ng studles

of both open and closed end quartz c1plllary tubeq

of dctivated charcoal fused with sodium silicate has been found

stable and uscful for sampling very low (sub—micreliter)‘volumes

&
of test solutions contdlnlng m1crogram quantltles of solutes.

Ilnal flow rate adjustments for nltrogen or helium carrier gases,

hydrogen and oxygen or»air (for’the fid) and 10% CH4 in urgon

~

(for the ecd) were eetnbliehed o’

The use of a 12 meter rather

than a 50 meter column has" qevcral Justlflcntlons. Shorter«re-

‘tentlon time means faster clution nnd less chqnce of thermal

degradation on-column as well as faster analyses. Also, faster

cluting peaks will be lcss sub;ect to peak broadenlng and will
thercfore emerge as sharper, h1gher peaks. ”ngher peaks mean
an enhancement ofr51gna1-§o—n01serat10andfthus;better (lower)

a

detection limits Yor .thc maleimides. The shorter celumn was

no worsc than the longer column for the SCDﬂTﬂclOﬂ of thc malei-.
mides studled and would be best suited for the overall problem,

We had emp1r1cally observed very real 11m1ts lmposed on‘b’
our detection of ma101m1des durlng temperaturc programmed gc

operation because of septum bleed. * Use of commercrally avail-

A
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able special "low bleed" septa was only marginally helpful.
Thiskproblem was solved by the design, construction and installation
of a novel combined needle guide and ‘septum purge device. The
device has allowed us to‘lower the effective detection limits’

vbyvasimuch as a factor of 100. An artlclc describing this

" has been accepted for publication in the Journal of Chromatonraphlc

‘had 1n1t1a11y been encountered

attalnment of des1red detect1on 11m1ts.

: Sclences.

A number of different technlques and mothodologleq have

0

ﬂbeen explored with the configuration of the ten- -port valve and

associated pyrolyzer -trap-transfer lines. Some dlﬁflcultles

Impurities or decomp051t10n
products of materlals used in the construction of the ten- port
»

valve or trap ev1dent1y condenscd on the gc column while it was

cool and then eluted durlnq temperature programmed runs. Thesc

)

peaks contrlbuted excessive background and prévented the -
As port of effortetto
1mprove the quantltatlve dcsorptlon of pyrolyzate condensed in
the trap and transfer of this material to the actual capillary
column in a narrow "plug" for maximum peak sharpness, methods
of both back- flushlng and forward flushlng of the trap were
explored u51ng varylng trnpp1nn and desorption times and

temperatures. We werc cventually led to a spec1a11y designed, ;

'constructed and fnstalled on-column gryogenic trapping device

/

for cryofocu51ng nmploqmdlrectly onto-our analytical column.

~A report of thlS deV1co has been publlshed in the Journal of

v}

"ngh Resolutlon*Chromatography and Chromatography Communlcatlons.'b//ﬂ

‘1Th13 cryofocusxng‘

"tee" adaptcr was extensively tested and

g s
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.modes.

, backflushed onto the column.

.- 14 -

fouod to‘work well. 1Its usc.resulte in compact sdmple“plugs<
belng condensed at the hecad of the qxllca capillary column SO
that narrow, well-resolved peaks are obtained dur1ng the sub-
sequent temperature programming. This cryofocu51ng "tee"

has been found useful in both of two different trapplng/desorptjon
In one of these, the trap is placed in series with the
column in both trapping and desorptioo operations. In the
other,the,pyrolysiS/trap flow bypasses the”colomn during the
pyrolysis and trapping; during desorption, fhe flowpaths are
switched by actuating the ten-port valve so that the trap is
The sample is then concentrated
at the head of the column u91ng the cryofocusing "tee” adapter,
the temperature of whxch is held below ambient by using a |
controlled flow of llQUld carbon dioxide. This flow is modulated
in response to temperdture changes in the column oven. .
Despite "down tlme" problems®of our ten year old gc ' ] S”
continuing to plague us, with the manufacturer no longer maklng
or supportlng ‘the instrument, and w1th service or. replacement

parts difficult to get or unﬂvallable, our work has carrxedﬁon.

Vorv high turnover of tcchnlcal staff resulted 1n con51derab1e
tlmo lost fot txalnlnq. Fho burdon of malntenance, trouble-

<hoot1ng and 1op411 has fnllcn on tho ptlnc1pal 1nvest1gators

and the rescarch staff, conqum1ng much valuab)e tlme Many

~ positive results have noncthcless come out of thlb project. D

-
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" . R.De Forest and R. Rothchild,

»ﬁ‘ 1Just1ce, Clty Unlvorqxty of N,Y.
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5 Publications, Presentations and Theses Based on Project Work

R. Rothchild and P.R. D¢ Forest, Journal of lligh Resolution
Chromatography and Chromatograpﬁy Communications, a(G)SZ‘
(1982). A Simple Device for On-Column Cryofocusxng in
Capillary Column Gas Chromatography"

Journal of Chromatographic
Science, in press. "Constructlon of Gas Chromatographic
§yr1nge Needle Guide and Septum Purge Adapter”.

P. R. De Forest, R. Rothchild, J. O'Connor, R. Fabrizio and
v F. Rios, "Slmultaneous Dctormlnatlon of Scveral Antigens
.+ in Bloodstalns,," presented at the American Academy of

Forensic Sciences, 33¥d Annual Mecting, Los Angeles, CA,
Feb. 18, IQSI

R. Rothchild, J.-0'Connor, F. Rios, R. Fabrizio and P.R.
De Forest, "Tagged Antibody Determination of Antigens
Using Pyroly51s -Gas Chromatography," presented at the

Mid-Atlantic RC“IOHJI Mcctlnﬁ of the .C.S., Wash,, D.C.
Jan. 9, 1981. : ”

P, R. De Forest and R. Rothchild, "Approach to a Quantitative
Gas Chromatographic-*Method for”Simultaneous Determination
of Several. Antigens in Dried Bloodstains,” presented at
Metrochem '80, South Falisburg, N.Y., Oct. 3, 1980.

P. R. De Forest and R. Rothchild, "Gas: Chromatography in

Immunology,' presented at N.Y. Chromqtography Society
Mlnxsymp051um, NYC, June 11, 1980 .

P. R. De Forest R. Rothchlld and R. Picciochi, "A Labeled

- ‘Antibody Approach for Simultaneously Determining Several

Antlgens in Dried Bloodstains," presented at the Eastern
Analytical Symposlum, NYC, Nov. 2, 1979,

Richard Picciochi, "The Grouping of Dried Bloodstalned
Fabrics.and Dried Blood Particulates by the Fluorescent
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