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y; i na 1 Ilroj ect Report 

by 

. Peter R. Dc Forest and Robert Rothchild 

" 
~ Our overall project was a pilot study designed to d6velop 

and evaluate a novel approach to cellular. antigen typing in 

dried bloodstains." While this study was confined to the ABO 

.~lood group system, the concept had the potential pf being 

applied to other ~ed blood cell eRBe) antigen systems as 

well. The long range goal was the development of applications 

to other antigen systems with ihe possibility of making all 

RBe antigen determinations simultaneously. The potential 

Jor usc with' semen or hair samples could also be an outgrowth 

of this \vork. Our api)roach consisted of several more or less 

distinct phases. 
i, .... 

The,first phase involved design and synthesis of taggant ~ 

molecules. 1hese t<lggants had to be capahle of attachmen-e-

to purified antihodie~, with a different tag available for 

each different antil~dy. The uniquely labeled antibodies werQ 

to be applied to a sample ~f dried bloodstain, allowing hDmologou~ 
-"" 

(labclod)nntibodies 1;.,0 hind to blood antigens; unbound anti-

bodies would be washcd"away. The washed sample would he 

Fr~ated to quantitatively release v~}atilc fragments that would 

he chromatographically sepprablc,permitting the" qu;,lntit~tion 

"and identification of the specific antibodies which had been 
'.1 

The. ~econd ph~sc involved the cQllcction of bloodstains 

of <.liJferentABO groups and different nges, preparcdon a 
o ~,. , 

I ,......~~'lC::':")~~~'''''~.'~_ .. _~~ __ ~ ....... '~_ ... 
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variety of substrates. ,The third phase dealt, ,vith the 

prepara ticn and purifi cati on of immunoglobul in fractions. Anti

body fractions of exccptiorially high purity and specificity 

were sought. to enhance the effectiveness of the method by 

minimizing interferences. The fourth phase dealt with the 

~ctual conjugation of the taggants to immunoglobulins and 

purification of the tagged antibodies. A fifth and final 

~hase involves testing of labeled antibodies and "method eval

uation. Activity ~nd specificity were to have been determined 
" for the labeled antibodies and conditions optimi~~d for the 

liberation of the tag molecule. A very substantial p,~rt of 

this project waioto be concerned with the ~etailed~laboration 
" 
and construction'of mOdifications to a pyrolyzer and gas Chroma-

tographic egc) system and ancillary devices r~quired for the 

actual liberation of tag molecules from samples and ~or the 

sensitive detection and determination of these tag molec~cs. 
[-

This last aspect turned out to be one of the most crucial 

and demand ing pa'its of the ent i Te proj ect . 

Virtually all areas outlined above as part of 'our major 

. project goals have been £xamined and largely completed~ A 

"summary of our
o 

successes and difficu! tj.'es comprises, this F~nal 
o 

Report. 

Phase I. the d~sign dhd ~ynthesis of taggant molecules: 

" Examination of "the literature led us til" the direci"ion. of" 
1.\, 

pl'oducing taggants that \"ould be attached to ('-amino g,roups 
c' 

of antibod~ lysine rc~idues by formation ~f n thiourea linkage 

via ~eaction at isothlocyanatc ~rou.ps.c The method "of liberation 

J 
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of chromatographically separable, detectable and distinguish-
abI "t " ' e ~gs was selected to be the mild pyrolysis of a 01els-

Alder adduct., The detectable molecules. formed by pyrolysis 

and Tet~o-Diels-Adle~ cleavage, ~ere to be a series of 

N-substituted maleimides. 
Our target molecules were sele~ted " 

as being.mad~ up from the addition of f urfuryl isothiocyanate 
, to different rna Ieimides. !I 

These compounds were prepared as follo~~: 

00 't 

o 
maleic 
anhydride 

o 
II 

(CNH-~ 

tr°H 
o 

malearnic 
acid 

NG.~ __ ~. 

acetic 
anhydride 

-HaG 
~ 

Diels-Alder'adducts 

An extensive series of malel'rnl'd'e'·s "'as " 
- v synthesized by the 

above scheme or purch~~ed. ~ Part of our ~oncern was to develop 

a detection technique that ,,,ou 1 (I 'I)e "'{ ( exceptionally sensitiv'~. l,--, 

. " 
• '"il" 

~: .... 

Ii 
I , 
, 
! 
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The malcimide structure \Vas selected as being a good Diels-

Ald~r dienophile (to p~rmit adduct synthesis) as well as possessing 

good electron affinity. The latter fpature should assure 

,facile detection at lo~ levels by ~eans of a 63Ni electron 

capttire detector (ecd) on a ias chromatograph: Modifications 

df the gro~p G would ;ffer a simple menns of synthesizing 
" 

.different labels for attachment to different antibodies; the 

different maleimides should,be gas chromatographically separable 

with ~ silica capillary column. Some maleimides were commercially 

available and many others were synthesized. A number of these 

maleimides were previb~sly unreported compounds. Some analogs 

were als(') examined, including maleic ~nhyd'~ide and 'some 2,3-

dichloromaleimides. Although the latter promised enhanced 

dienophilicity and detection limits by ecd, these systems were . 
evident!y very labile. Reactions with these <;;:ompounds evident~ 

. -~ " ' 

resulted in polymerization and for~ation of intractable tars. 

" CharacterizatJon of synthesized maleamicacids, maleimides 

rind Dicls~Alder adducts with furfuryl isothiocy~nate initially' 
o . 

rested on i?frared (ir) spectroscopy," mass spectrometry (ms) 

and ultraviol~t (uv) spectroscopy. Much later, 60MHz proton 
" tl '"J 

nuclear magn~tic rcison~nce (l~ nmr) spectroscopt WaS carried 
" out on these compounds following the acquisition of an nmr 

$pectrometer through an NSF grant to the co-principal investi

gator, Dr. Robert Rothchild. Selecite~ samples were also s~nt 

to outside analytical labs for ~lemental analysis. Ir of ' 

ddducts showed anticipated absorption~of the isothiocyanate 

group and car~oriYl_resonances. Ms generally revealed molecular 

" 

" 

I , 
r 
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ions (or metastable ~~aks consistent with the moleculai ion) 
b 

aIld, importantly, st rong p~ak§ at ml z val ue,.s 0 f furfuryl 

isothio'cyanate and the corresponding mal~i~ide. This was 

considered suggesti~c of a facile ratro-Diels-Alder reaction 

occurring in the ms source and Suppo!ted our belief that 

pyrolysis of bound, tagged antibodies would similarly release 

.~~leimides f?r gc detection. Correct elemental analyses were 

obtaine~ for several representdtive adducts. With the 

subsequent, a.vailabili ty of nmr for analysis of ma~eamic acids. 

maleimides and adducts, virtually all compounds were ~learly 

shown to ha~e spectra consistent with;he Bssigned ~tructures. 

Purity was generally good or at least adequate fnr our 
,II> , 

preliminary investigations. Many of the maleimides selected 

for $tudy were N-phenyl maleimides with halogen atoms substituted 
• 

on the benzene 'ring. Theso compounds he Itl the promise of 

particularly high sensitivity detection by ecd. 

At least six maleimides were shown to elute cleanly with 

, rca'sonable retention times from a 'silica' capillary ~olumn 

coated with a non-polar phase (methyl silicone) in a 50 meter 

length; at least" six. others were more extensively retained 

but, in most cases, were satisfa~torily eluted using a shorter 

column. Only one pair of ~aleimides appe~red to be indi5-
" tinguishable ,based on their retention times. These were the 

N-~~iodophenylmaleimidc.nnd N-4-iOdophcnylmaleimid;. All other 
" 

elutIng maleimides could readily be distinguished by their 
" retention timcs~ Thus, the chromatographid stability and 

> "~"";_ ... ":;ft_,--,~,,,,,,,-,-". ~.,."'"'~ ~.~-~ .. ,. -" '-'~""-'~'~"""'""""""-'.''-~~"'~-'--- . 
. :ai::: 
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differentiability of a 5ubstantial"t1umber!)of these mateimides 

has been demonstrated. and could~ iQ principle. permit labeling 

of a corresponding "number of diffe"rent antibodies to allow 

simultaneous determination of their homologous ~ntigens. 

Phase II, the collection of bloodstains: 

A collection of aged bloodstains on various substrates was ., 

prepared. Tho bloodstains have been stored under different 

conditions to study the effect of different s'ample storage 
> " 

conditions on overall test results and to ultimately 

simulate"dried bloodstains as they mi~ht be available from 

real casework. 

.. 

I 
:/ 
!I 
j 
I 

\ , 
\ 
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PhClse III, the preparation tlnd purificlItion of immunoglobulin 

fractions: 

Severa 1 sources 0 f ABO ant,t~sera we re eva lutlted. The / )I 
antiserum preparations were .. ~e.s~tc~l and fractionated to 

yield purified IgG and IgM f~tiOns. The purification schemes 

\"~ich were developed for the r~quired antibodies were used 

initially for product jon of small amounts of putified IgG and 
, .... 

,IgM fractions ,!lith spec! fi.cities for A and B agglutinogens. 

" These fractionation schemes arc particularly well-suited to being 

scaled up to produce larger quantities of the antibodies. 

Another major advantage of these purification methods is their 
,\ 

refinement to th~ point of being cprrJed out simply. Scale-up 

of the purification se~Jcnco was confi_mod by proRarntion of 

larger amounts of the jmmunoglobulin fractions.-

\ 

pht1se IV, th6 conjugntion of a taggant to immunoglobulin: 

r6r ~reliminary evaluation of th6 purified antibody fractions, 

conj uga t j on '" i th f1 UOTescc in isothiocynnate Mas carried., out, 
[) 

wi th the conj uga ted ant i heod ies .,then Clppl i cd to the :problem 'Of 

typing dried bloodstains and other systems. "Tbefluorescein 

Isbthiocyanatc- conjugnt i~n wns pel'formed on exceedingly pure 

IgG immunoglobulin fractions which Nett: to be usod as anti-
I 1\ 

bodies in;sUbsequcnt tests. The fluore;ccin-lnbelcd immuno

globul in WH~ "selected ~o prov Ide n model of a tagged antibody 

Lie rl veLl ,J,rom our fl'act j·ona t ion sequ:cnce. 

~-~~~-------~- - -~~----~--- ----~-~ 
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Phase V; te,sting of laheled nnJibodies and method evaluntion: 

~ollowitrg conjugation of <;>ur, al1tibodie~, tests ':fere carried 

out to check general activity arid specificity.- HNon-specific 

binding" of the tagged antibody would be an undesired reSUlt. 

Early tests with hair root sheath cells were cxcellen~, but 

difficUlty was experienced ~yping certain kinds df bloodstains 

as well as keratiniz~d hairs. The latter had heen crushed to' 
of 0 

provitle better access f'br the antiserum to antigenic sites with

in the cortex. 

Extensive tests were carried out to evaluate suitability 

of these labeled fractions for ~sewith dried bloodstains. 

The fluorescent antibody conjugate ~as employed in attempts t~ 
,- \\ 

type dried bldodstains ~y aUtlircct immunofluorescence technique 
-, , ~ 

using epi-fluorescence"microscopy. This dried bloodstain work 

\vas unsuccessful 'despite the fact that the reagen~ gave excelle~ 

results with fresh blood. These results parallel those of ... · 

otherslvho huvcattemptcd to apply immunofluorescence tec"hniqucs 

to typing.dtied bloodstains. Thus it would appear that the 

previous ,workers· difficulties did not stem so]elyfrom impurities 

in their antiserum preparations. 

Some of the difficulties encountered in our evaluation 

were attributable to autofl~oresccncc of the blood as a result 

of changes which take place on drying. However, problems of 

this type should cause no difficulty w\th the proposed method 
l) " 

, wh i.eh docs not depend on fluorescence fcli<W&b,tectioriof ~he 

antibody labels. Thus t:h is d~to£luorescence p'~~blcm is peculiar 

to the fluorescent antibody procedure, but other problems may" 

<.':..!' 
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emerge as being of direct concern to this study, One su~h 

problem, £":"'&'°n' indications of non~specific hinding of the 
'" 

labeled antibody, will have to be solved for effective 

ut.ilization of our techn::ique. 

Due to the unique simultaneous multi-antigen detection 

ca.pabilities inherent in olir proposed method, a novel means 

of dealing with non-specific binding suggests itself. One ,." 

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

to bind with the sample based on antibody-antigen specificities. 

After ~nalysis the quantitative na~ure of our data would allow 

a correction factor for non-specific bindi"nQ to be I' d 
~~J11P 1e ° 
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d I 1 ) I . 1 1" Pl1 r" s e 1: I " '. Our gc har\vare-re atc( \\01', may )e conSH erOl n v 

Very extensive wor~ was required concerning desigri and 
, " 

fabrication of special new hardware for the planned ~yrolysis -

g~ (pgc) wdrk. Considerable modific~tions and modernizations 
Iii 

of our basic gc system were undertaken to upgrade our iristrument 
,I 

for "stute!l-of-the-art" performance. During the course of the 
I; 

study, reJeated f'epairs hecame necessary. 

Thre,e special ovens \vere des igned and mounted faT indepen
\ 

,; \ 
dent" therma\l, control of a sample spI i tter (to permit usc of 

\' 

capillary coiumns), a valve oven (for our ten-p~r~ valve) and 

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

these ovens was separately contraIl ed and regul ated py ;1 temper:1 tIl r (. 
.. 

control module 1ve de,signelt, bull t and calibrated using thermo

couple sensors. ~lthough splitter and valve ovens were to be 
I ~ 

maintained iSothermally, some temperature programming facility 
" ~.,.. 

was expecte~ to be desirpble for de~o!ption from the trap. 

All of these assemblies entail~d construction of mounts "for 

attachment to or near the gc. 

Interface plumbing, was planned and constructed. Some 

modifications to the gc for capillary column use included incorp

oration o,r make-up gns inlet fittings and 1/16" hardware fittings 
" 

(lfor the detectors, etc. A sample splitter ~ mounted and tested 

for flow rate calibrations. This splitter was to be used for 

inj ected samples during early testing S'tages to establish~, 

for Qxample, gas chromntographihility and ~haracteristi~ retention 

times of our synthesized mnlolmides. This'wQuld p6rmit estab

lishment of reproducihle standardconditiens as to! isothermal 

r 

of 

! 

,1 
• I 

I 

'I 
I 
I 
I 

I 
I 
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column oven temperature or column oven program, injectQr and 

splitter temperatures nnd standard retention times or the 

actual molecules that would ultimately be liberatDd from tagged 

antibodies bound to a sample. Relative flame ionization detector 

(fid) sensitivities of the different maleimides and quaptitative 

reproducibility were examined. Results indicated the d~sirability 

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

,~~texs, for enhanced sensitivity and shorter retention ~imes. 

These retention times would ultimately determine the identity 

of the specific maleimide released from a sample and would 

imply what antigen had originally heen present in the sQmple. 

After preliminary wor~ with glnss capillary columns, we selected 

newly developed silica~apillary columns because of their 

ruggedness phd their convenience in usc. 

As part of .tho general refurbishment of our gc, testing 

and calibration was performed with 1/8" packed columns as l'\,c:l1 

as glass and silica capil1~ry columns. The latter were found 

mos'\: efficacious and \vere evaluated both in 50 and 12 meter 

lengUIS,. The dual fid detectors and ecd \vere tested and 

calibrated after cleaning and overhaUling. Wipe test evaluations 

of the cleaned ecd were performed to confirm operational shfety; 
,; 

such tests were performed r~gularly at about th~ee month intervals. 

Ecd checks weTe run ill hoth DC and pulsed modes. Optimized 

/) pulsed ecd operation was planned for final \'1ork. Th,e use':o":"f . 
hromobem::cno as an ecd response standard \vas considered. 

Much of this g~ work was plagued by repeated eqUipment 

breakdowns associated ~ith substantial age of the basic instrument 
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and anci~lary equipment. Often, parts were no longer avail;thle 

from the manufacturer. In p~rticular, the basic pyrolyzer 

~nd associated pyrolyzc! modifications con~ist of man; delicate 

plumbing and electrical lines subj~ct to breakage, aggravated 

'by the high temperature at ll1hich they operate. A number of 

improvements, including tahrication of specinl Teflon parts, 

have somewhat improved the robustness and durnhilityof the unit . 

. t~~roved sampling techniq~es were elaborated, following studies. 

of both' op~n and closed end qtwrtz capillary tJlbes:, An adsorbent 
" 

of activated charcoal fused with sodium silicn..te has been found 

stable and useful for sampling very low (sub-microliter) volumes 

of test solutions containing microgram quantities of solutes . . ' 
Final flow rate a4just~nts" [or nl ttogen o'r hel ium carrier gases, 

hydrogen and oxygen or air (for the Cid) and 10,':; CH
4 

in argon 

(for the ecd) were establish~d. The use of a 12 meter rather 

than a SO meter column has~everal justificati~ns~ Sho{ter~re

tcntion" time means faster elution and less chance of thermal 

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

eluting peaks will be less subject to poak broadening and wi~l 

therefore emerge as sharper, higher~,eaks • Higher peaks mean 
u-" 

an enhancement of· signa 1- to-noise ra t10 and thus better (l~wer) 

detection limits ~or,the maleimides. The shQiter celumn Was 

no \l1orse than the longe r column fo:r the separation of the m~qc i '"'. 'dJ 
,> ., 

mides studied and would be best suited for the overall problem. 

We had empjrically observed very real limits impo~ed on . 

our detection of m.lbimidcs during temp' drature-programmedgc 
" 

opera t ion hecause ~)f septum b ICQd. .. Us'e o£ corill))ercia l1y avai I ~ 
(," 

/) 

j 

1 II' I : 
I 
I I 

'I 
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able s.pecial "low bleed" septa wn,s onl y marginally helpful. 

This problem was solved by the design, construction and installation 

of a novel combined needle guide and septum purge device. The 

device has allowed us to 10lller the effective detection limits' 

,by as JIluch as a factor of 100. An article desctibing this 

has been accepted for publication in the Journal of Chromatographic 

Sciences. , " 

A number of'dif!erent techniques and methodologies have 

been explored ldth the;' configuration of the ten-por't valve and 

dssociated pyrolyzer-trap~transfer lines. Some di(ficulties 

had initially. been encountered. Impurities or decomposition 

products of materials used in th''C construction of the ten-port 

valve or trap evidently condensed on the gc colu~n while it was 

~ool and then eluted during temperature programmed runs. These 

peaks contributed excessive background and pr6vented tbe 

attainment of desired detection limits. 
II -it. 

As part of efforts to 

improve the quant~tative desorption of pyrolyzate condensed in 
,. 

the trap and transfer of this material to the actuat capillary 

colu~n in a narrow "plug" for maximum peak sharpness, meth04s 
II 

of both back-flushing and forward-flushing of the trap wpre 
o 

explored~ using varying trapping. and desorption times and 
'" 

temperatures. We. were evehfually led to a specially designed, 

construc.t"ed and installe(( on-column \'cryogenic trapping device 
l) 1:-:::-- ,"::::-:.~' 

f?r c:ryofocusing 'samples()directly, onto-our analytical column. 
.,1) 

~ , 

A report of this deVice ha~been published in the Journ~l of 

High R,esolution) Chromatography and Chromatography Communications. \.//' 

T_hfs cryofocusing "tee" adapter l'lHS extensively tested and 
o ,~ 

" o 
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o 

found to work well. Its tlse,resul ts in compact s.impleplugs 

being condensed at the head of the silica capi11<Jry column. s.o 
l) ,. 

that narrow, well-resolved pca,ks are obtained during the sub-

sequ1ent temperature programming. This cryofocusing "tee" 

has been found useful in both of fwo different trapping/desorption 

.modes. In one of these, the trap is placed in series with the 

column in both trapping and desorption operations. In the 

ot.her, the pyrolysis/t,rap flow bypnsses the col~mn during the 

pyrolysis and trapping; <Iur lng desorp.tion, tn·e flowpaths are 

switched by actuating the ten-port valve so that the trap is 

backflushed onto the column. The sample is then concentrated 

at the h~ad of the column using the cryofocus"ing "tee" adapter J 

" 

the temperature of·which is held below nmblent by using a 
,# 

controlled flow of liquid carbon dioxide. 1his flow is modulated 

in response to t'elnper{~'ture changes in the column oven. 
• 

"") tJ 

Despite rfdown time" problems') of our ten year old gc 0 
~Y. 

continuing to plague us, with the manufacturer nalonger ~aking 

or support i ngthe ins truman t, and with service orr, replacement 

parts difficult to get or unnvuilable, our work has carried bn. 

Vb ry high turnover of techn ical sta ff resul teu in cons"id,erable 

time lost for training. Thcburtlen.of maintenance, troubiOe-

" ghoot lng nnd repair hn,$ fa 11 en on t,he PI' incl11a 1 invest) gators 

and the research staff, consuming much valuable time. Many_. 

positive results have nonetheless come out of this project. 

o 

" ., 

• 
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