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Can. Journ. Blochesm., 43, 300 (1963}
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ABRTRACT

A deseription is given of 2 method of formiag @mﬁﬁﬁ seid methyl
gaters with thionyl chloride in wetheuel, The salers gre fresited winh
trifivorescetic anhydride o form the #-triflvorsacyiy) methyl estara.
These are tekesn wp ln methenol snd separeted by pss chrowwtography on
three types of columms., With & 20° x & 1%L Cerbowax 20 M column it is
possible o clesanly sepurste the devivatives of cysteims, valiae,
leucine, glycine, preliss, sspartie scid, thresuine, methicunins, silut-
emic avid, phenylalsnise, serime, hydrozproline, srginine snd lysime ia
that order. Alsnine and lsclescine ave seperated on & 307 x ¥ 13
Carbowax 1540 columm. Tyresine, kisgidiné.ﬂm@ rpypiophsn ave ssparvsted
on oa 2 = ¥ 1% Corbowsx 200 columm sfter the other amine acids have come
pff at lowey teumpervstures. aAn F & } hydvogen fless lvnizstion detecgos
wzs used. The carrier ges was nilvegen. Vhen mixtuwres contsising 1 ug,
2.5 mg, 5 mg, 10 sg, or 20 mg of esch of the szbove snins acids wers
carried through the entire chemicel and chrosmteogrsphic procedure, thsre
wae for cach aming ecid o limesy velstlon batwesn the smount of amine

scid sriginglily present zed the sres of the peak,
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BECTION 1
INTROBUCTION

-~ The ailm of the work reperted in this thesis was to develop
a gas chromatographic precedure for the separation and estimatien
of the amine acid cowmpssition of 2 protein hydrolvsate.
LooBince im studies of protein chemistry it {s lmportant to have
information on the amise acid comsosition of the proteins being
studied a number of methods for the sepsration and estimation of
the aminoe scid compositien of protein hydrolvestes have been
devised. The most useful procedsres have been developed over the
pasy fifteer vears and involve electrophovesis oz chromatography
on paper oF on ion emchange resinz. The most successful of these
procedures is an ion szchange semsratism of smine acids followad
by & photometyic meagurement of the smount of ecach smino scid
present {Hoors & Stein 1954}, The whole procedure has been sutomsted
in seversl ways znd equipment for this purpess i3 available
commercially. Despite their sensitivity and accuracy such automated
procedures have the disadvantages of the considersble expense of
the spparatus and of the need of 2 virtunlly full-time person to
maintain and operate it.

A vumber of attempts to separate devivatives of amino acids
by gas chromatography havs been recorded in the literature over
the pear ten vears. Heme of these studies reports a c@&giéta"
quzntitative analysia of all 19 zmino acids commonly found in

wroteing,
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2.

Following a review of the pertinent literature a description

is given of the development of procedures for the preparation and
estimation by gas chromategraphy of Retrifluoroacetyl methyl esters

of the 19 amino acids commonly found in protein.

Review of the Literature

Even though the agbility to saparate various derivatives of
amine acids by fracticnal distillation (Flschef 1901) (Weygand 1959)
has moﬁragad the view that it should be possible te convert

amino scids to volatile derivatives which could be separated and

estimated by gas chromatography, reports of such studies are few
in relation to other fields of gas chromatography.

The first actual reported attempt to separate smino acids by
gas chmnéeosraphy was that of Hunter, Dimick and Corse (1956)
" who oxidized the amino acids with ninhydrin and separated the
aldehydes of valine, leucine, 1sal'eue1ue_ and alanine by gas-liquid
chromatography. In the years of 1957 and 1958 Bayer, Reuther and
Born (‘195?) separated amino acids by two different methods, In
the first method they oxzidized amino acids to thair corresponding ’
aldehydes with alkaliné hypochlorite. However, the acidic and

sulphur-containing amino acids formed complex mixtures and some

amino acids produced the same compound on oxidation. Using a
diony! phthalate columm at 92°C they were able to separate the

aldehydes of alanine, a-sminobutyric acid, norvaline, valine,

norleucine and leucine.
The second approach to the problem employed by Bayer et al
(1957) was to separate the methyl esters of valine, norvaline,

leucine, norleucine, glutamic acid and phenylalanine. Bayer et al (_195\‘_!)‘. »




alze separated the wethyl sstevs frow an hydvolysets of slhosisn, obisin-
Ins the wethyl esters of slasins, prolime, velise, lescisze, lsslevsine,
sapertic snd glulemic scléd, thus belsg the firsc werkers o apply pes
chromstopeophy to the spelysis of & orotelsn.
Risw gnd Teitelbeuw {1239 devsloped o emicrepvosedure fov the ond-
detion of L-sming buiyric scid, voline spd levoiuwe prioy te saperstion
by gzas-llgsid chrowstopraphy. The smins acide wove freuied with nlvhedris
in 5 gealed guponle snd the producis exivscoted inte g shiorinsted hydre-
corhon zelvent. The sldehydes were anslyzed en s silicone columm at T8%C.
spmlying the techuigues of Henter =% ol {1%%6) sed of Bisr and
Teitelbave {1959, 2lethie, Ore snd Dishall {1965} develoved szn sutemeiic

gae chromsiographils sethed Sor the sualyais of welstils smine soid

sidebydes. Yeploviag s comtizeous flowing zyeiesm,
trested with anishydris and injected imte the zysism. The sample pessed
through 2 colusn contsining 300 nivbedris on C-22 Firebrick. The @@%ﬁ?ﬁ@&é
aldehyden were then carried Lo & reecior Filled with s nickel kisselpube
cetalyst ab tempavatures of 423%C. The sldehydes wevs crasked on the
satalyiic column be ssthene snd welsr. %The sethens wer drisd on ¢ melae-
ceiay sleve drying tube sud detscted by 3 thevwel conduativigy cell.
Zistkie et sl separated the gldehydes of slsaive, L -sumivobeiyeic seid,
waiine, norvelive, leuclne, lsolevcine sad novrieusing., The snalysis time
wng 0 oslnuier and they were sblzs o delact 1 pum swousts of the amice
avids. 2Ziztkis et ol znalyged & hydrolvssis of caselin and obisined
slanine, wsline, lewoine sud iselsuoins.

Bareud {1568% slse tyrisd to sepsrate the ouidetise pyoducis of suing

zeids. The ssipo sclids weve onidizsd with zlbeline persengensate snd the



by
aidebydsy were sstevifisd foveing the wethyl sszers. The ssters
were separated on a polypropriens givesl colusnm at 156°C. omly
glsnine, veline, norvaline, leucime, isclevcine sand phenvlzlanine
wére zeparated.

Youngse (i%5%9) wase the first to substituts both functiocnal
grougs of the amine acid priesr to zes chromatography. Younzs
separated the M-ascety! butyl szters of zlovine, glycine, valine,
feuvcins £ iseleucine (not resclved) and zyeling on g & fost
safflower il colume st Z20°C. The snalveis time was 1 bour.

Youngs alse chrowmstographed the esters of a gelatin hydrelysate
obtzining the sbove mentiouned amine acids. The resulis wers
guantitative for onlv the above amino acidg.

Heygand, Holb, Prex, Tilsk asd Towmide (1960} sepavated the
Herriflucroacetyl methyl esters on slliicone gresse auwd polvester
colummg, They esterifled and completely separasted the Metriflusrs-
acetyl methyl esters of walime, proline, aspartie acid, thraonine,
methionine and pheuvislanine. Howewasr the paivs leucine-iselenciae
7 and glveine-alenine were not resolved pwd prolins-aspartic weve
only partly vesclived. Tyrosise sod arpinine geve four and tmo
peasks respectively. The mulilsle peaks were attributed either
to & breskdown of the derivatives on the colwsm or to impuritvies.

Waygand et el (1960} pareizslly bydrolvsed the synthetic peptide
Henla.glyve.glyc.lenc . glye O gad separsted o number of H-TFA
dipeptide mathyl esters on 2 silicone il colews. Another imteresting
raselt of the work of HWevgend wes the sepsvrstion of the estevs of the
sterscigomeric dipeptide psir of L-zlgnine L.phenylalanine and Lezlanine
Dephenylalznine on a silicene oil eolwm. Others workers have not so fzvr con-

timuwed the work of Veygend on dipeptides. Theses results bhold great



promises for future work on the sepavabion of dipeptldes from
procein hydeolvaates, giving possible cluse to the aming geid
geguense of many droising.

Continuing the work of Baraud {(1960), Helamed znd Renard (1968}
converted the Lewosoanine monecarboxnylic acids te the Lechloro acids
with 2 misture of concentreted HCL amd ﬁ%&zg The Le-chlore scids
were then vonvérted to the corvespondiug methyl esters with diave-
methane. Uslng polyethyvlene glyeol znd silicome eil columas,
Helamed and Rensrd were ghle to separate the esiters of zlanine,
zlvcine, Geamincbutyric scid, valime, novvaline, lsvcine, igeleuvcins
and norlescise.

Saroff znd Harsen (1960} reported the zepavatiosn of the H-TFi
methyl esters of 14 amine scids on 2 polyethylens gliveol sdipate
column. Iin their sepsratien aiznins-valine znd glutamic zeid-
serine wors meb vegelved. The cowvesrsion of threouine, serime
and Ivgine to this derivative was diffieuls, giviang multiple
peaks on chromsCography. Tyrosdne znd svgiwine derivatives decompoged
at high tempervatures. Sarcff ané Esrmen could nst succeesd in
forming the H-TFA wethyl esters of vystiune, histidine or Cryptophan.

Jobuson, Scott zad Heister have reported the moast systematic
study to date. They wade a study of He-acetvlated methyl, butyl,
igobutyl, amyl and iscamyvi smino acid esters and found the H-acetyl
amyl amino acid esters wost suitable for chrometography. Using
columns of 1% Carbowsx 1560 columms they resslived 16 smine scids
hut ceuld act forwm the derivative of trypiophen, histidine ew
arginine. Jobhasom €t al produced ne data for the veproducibiliny
sf their procedure mor did they mention whether the comnversien to
the derivative was guantitative.

Yagner and Winkier (1961} published a peper describimg the separvation
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the papers of Wew #i al

of H-TPA methyl esters & yeay sits
z2nd of Seroff eand arsen., Wssner gspaveted the derivetdece of the swing
acids om an Aplsgen L columm contsining sodies caprosts. Wagner ocoly
suacesded in converting smnd sspeveting the ssters of wvelime, leucine,
threoning, methicning s vhenylislanine.

Buolmebn zad Sleseche (IF6LY sepevsted the B-Teimethylasilyl ssine

e

s@i&a of glvcine, slanine, lsscips, {ssleucisne, waline,glutamic end
phenylalanine o 2 gilicone oil columm at 183%C.
Zomzely, Marco sad Pmery {1962} sepavsted the ¥-TPA buty® derivetives

amine ascide on 2w

puscingte solvmn. Althoush they

resoiution of glycims-lewcins, zreline-aaviss,

The sstevificstion and seyletien procedures of Jomely € 8l sre rathey
cushersvms sud they presented ne evidence for the uuautitetive o ropro-
dueible conversion of the sunize azide.

Blaw srd Derbre (1963} vepsrted the gusuiibstive formation  and
sepersticn of the ¥-TPL 2oyl esters of 10 azmise scids. The esters were
ﬁé@ﬁr&&&é on different columms of polvethyleme giyeol adipste, fluere-
gleyisilicone (F-1 or silicone oll. Only the ssters of glycine, zlsnine
%&iiﬂﬂ; leveine, fsuloucine, thrsonips, sevive, sstbionioe, proline aund
sheaviglenioe were guantitatively formed.

Lendowne sad Lipsky {1963} briefly reporied the seperatiosn of severel

esthyl esters of smine acids on sn XE-60 coluee using an slectron

ture detector. Howewer details of this sepssstlion ave scans -

ighil and Witkep (1%63), iz studying the sizusture of Sxsmicidin 4




1.

frisd severai methods e emalyse the emime scide by ges chrometography.

Hsfny the systews ewmployed by Weygead (1986}, Buveff (1960} and Zouwely
{1962y {aikyl esters of TPA)} and of Johnson (L1961} {ampl esters of scatyl
gevivatives} they succeeded in estsblishing the presssce of sliznine,
slvclng, walise, leucing, feolewcing and the hydrowy-suine acids serise
snd threoeine in the siructure of Gramicidin &, They slse sepersted ihe
onp swime scide seterz of the szhove newed solse scids, With the aid of
gas chromatography they were sbls to show thet Gremizidis 4 was 2 heteve-
geneous cyclopeptide sntibiotic containing s mizture of 60-80% wallne-
grambcidin and 40-20% isoleuscine-grewicidia.

Hithia the paut vesy severasl veports of the gas chrematographic
sepavation of awmins suid deriwatives bave besn published.

Teokews (1383F reporied the sepsvetios of the B-TPA methyl esters
ef L) amine scids. Howwwver the sepsvations 4o pot appesr to be setis-
factory for guantitstive estimerion, particularly the resolutiocn of
sgrine and methionins. Ikekaws did not detect the pressuce of cysteime,

showed thst for siazsine there wes a Linsss

zrpinine or histiding. Theksws
zelaticnshis of the concentrsticn to the sesk srea. However e fziled o
show guantitative vesulits for the other amino scids.

Yelasteln and Fensslsu (1384) have vreported the zeperstion of the
gming alechols of glycime, slenine, vzline, levcins, serine, issisucine,
methionlne and pheavlsisaine on columps of methyl silicone fiuvid snd
wathyl gheayl silicone gum. The zmine acids were somverted toe thelr
aicohels with m&%&w This proceduse Ls limited in its applilcation to

the pmine acide thet can be conwerted fe aloohola.

lwameis and Morimote {1964} have recently repovied the chromstography
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of seme B-Cyamoethyl aminc zcids, esterifyiss the smino scids with sither
butsnel or ethenol.  They repérted the separstiod of 1l smime scids.
Bowever this method, particulsely the use of sysnoethyl sclé esppears te
offer ae lsprovement over the Trifluoroacetyl wmetheds,

Zecently, while the work presentsd in his thesls was in progress,

Cruickshank and Sheeham {1264} rveported the szepavation of the 19 comwmon

sretein aming acids by comversics to thelr H-TPA methyl esters. The

sepavstion was carvied cut @ g short 3% wecpentyl glivesl succimste

columa in v snslysis time of 75 misutes. Bowsver, the illustrations do
not show satisfactory separstions necessary for the sxact estimstion of
pesk azess for gquantitstive results.  The reselutien of threouine-leacine,
glutssic-phenylalanine and histidine~cysteins pairs were very poor. The
histidine-cysieine pesks wers very wide end ¢onld unot be extrepelstsd o
the base lime, Changing the colusw dimensisns sltersd the resslution of
those ghove mentioned poorly resblved swine seide. The wepavition of
threonine, glycine snd leucins veguired special care in lempsraters,
progean vate snd carvier gas flow for o good separstion. Argleime showsd
twe different pesks om the chromatogreph. Although the =sierity of the
relative peak srese of the asise scids were constamt with six vepetitions
of the procedure, the guastitetive work was cerried out 2t osly one amine
zeid lewel instead of at sevesral different levels as deacribed im this
thesiz. The methods of esterification and scylation weve cunhersoss,
Crujcksbank et al (1964} ssalysed the es=ise scid content of a zib-
snuciease hydvelysate. All of the smiso acids koowe 1o occur in ribonue
plesse were obtuined by ges chromatography but the zepavstion was pooy

snd there were mavked lpsses in the pesk avess of threenise spd gserime.
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The following sections of this theais describe work leading to the
developsent of s veproducible gas chrometographic method for the sepaza-
tion and estimation of the N-trifluorcacetyl mathyl estexs of the 19 amino
acida cosmonly obtained by hydrolysis of proteins., This method is quanti~

tative and reproducible. It involves the rapid conversion of the anino
acids to thair N-trifluorcacetyl methyl esters and the separation of these
derivatives by chromatogvaphy with progremmed rising temperstures on two

~ types of columms. A 20' x X" Carbowax 20M column is used for the sepava-

tion and quantitation of the derivatives of valfne, leucine, glycine,
proline, aspartic scids, threonine, methionine, glutamic acid, phenylalanine,
serine, arginine, hydroxyproline and lysine. It is possible also to separate
tyrosine, histidine and tryptophan on this column but separation ias very
elow and the peaks quite brosd. One other drawback of this system is that
alanine and fsoleucine cen only be separated at low temperatures and low

gas f1ous. Under these conditions many of the other amino acids are
tetained on the column for a long tiwme and the separation tekes several
hours. However, alenine and isoleucine can be rapidly separated at low
temperature on a Carbowax 1540 column. Likewise tyrosime, histidine imﬂ

v tmtophan can be much move vapidly separated at high temperatures on a
short column of Carbowax 20M,
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BECTION 1%
HATERIALE AND fERAL HETRODE

& HATERIALE

The L lzemsr of the 19 geine sclds commonly found in protains
ware uvsed in thiz experiment: ovstelisne, valine, zlinine, iscleunizs,
tescing, glyeine, prolise, asspartic aoid, threoaioe, msthiowniaeg,
glotemice acid, shesvialanine, savips, grpinise. hydromyproline,
irsins, tyvoaine, hismzidise aud croptophai.

A-grade Legmine scids wmere purchased from Calbischem. Sorg.,

of ehe fres base form

which were purchesed ag

e lae™ vesgent prade wurebassed frosm Bricish Drug Houses

{Canada} Lid., Tovento, (ab., iz & litre eusntities. This methsael

hug 2 distiilscion reuge of set less tham 9% betwesn £4.5-8%.5°C

el
e
£
L
i

®
e
i

st g 0. 1% wster content. Hethsws!i wes dvisd w
turainse (ses meithod on nepe 14).

e

Z. Thiewy! Ohlorides

ik

. : N W T s 5 g
vrehased from Piohks 3.5. Buchs 50 Schweilsz, Switserlsand. %This

!}t;&t

water-clesr resgent vy storsd in seanled smpoulss in I3 ml iota.

g‘@ }5\.%2‘ ;ﬁ'&m 2 ;’;fa. e:g o %ﬁ %fﬁ

{PT-305% wers tricd,
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color and bad to be purifisd {see method on page 16) before uase in
the eutevifilcating Procesg.

4, Trifluorogcetic Anhydride:

Purchzssd from Matheson, Solemaw and 28211, Horwood, Okie. The
rrifivorossetic anhydride was giored in 235 vl lots in sealsd glass
smpouies.

3. Acetic ahwdrides

“Analar™ reagent grade purchased [vom Bricish Drug Houses
{@ﬁmdﬁ} iﬂg{io-g J‘Xﬁ’gﬁﬂm; Sty

&, Amennius Sarbonates

"Analer™ zeagent grade purchased from Bricish Drug Houses
{Canada) Led., Tovonto, Ont.

Fo o dmvl slcohel:

“Anglar® resgent grade purchased from Britvish Drug Heuses
{Canada) Ltd., Torentc, Ont. -

8. Anhydrous Eydrogen Chloride sud Hydrogen Bremide:

Purchased from the Mstheson Oo., E. Rutherford, N.d4.
2. ZDenzensy

“snalar® resgent grade purchased fyrom Bricish Drug Houses
{Canada} lLod., Teroumte, Owme.

1. Bollaed Limgesd eils

Commercisl grade purchsssed from g locsl hardware stors.

il. Plethvl Biher:

"analsr® respent grade puvchased Trom British Drug Housas

{Canads) Lid., Toveonto, Untaric.
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12. Dimethoxypropane (Acetone dimethyl acetal):
Purchased from Matheson, Coleman and Bell, Norwood, Chio.

13. Dimethylformawmides

"Spectroquality Reagent" grade purchased from Matheson,
Coleman and Bell, Norwood, Ohio. '

14. Dimethyl Bulfite:

Purchased from Eastman Organic Chemicals, Rochester 3, N.Y.
15, Magnesium Turnings:

| Laboratory reagent grade purchased from British Drug Houses
(Canada) Ltd., Toronto, Ont.

16. Methvlene Chloride:

"3pactroquality Reagent™ grade purchased from Matheson,
Coleman and Bell, Norwood, Ohio.

17. Sodium Carbonate (anhydrous):

"Analar' reagent grade purchased from British Drug Houses

(Canada) Ltd., Toronto, Ont.
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ha F & ¥ sadel 7ID zoes chromsiegraph sguipped with & hydrogen

Flems detwctor sttachmwent Hodel 1809 was purchassd from ¥ & )

The recvorder wes an Slecirondl 1590 Hodel #133% menufectured

i"r‘r’
a

i

feke

&

b
¥

by Hinnespolis-Honeywell Regulater o., Brsen Instruments
delphia &4, %a.

4 Disc-chart imtegrator Hodel 281-B, sttached to the Brown

recorder, assuisciarsd by U

puzchased frowm F & ¥ Sclemzific

Lerrier GCases

{aj Hitrogen--- purchzsed from the Linds Corp., Welder's Supply
Lide, Winasipey, Uenada.

i) Helium--- purchesed from Hastheses of Cansds Libd., Whithy, Ost.

{fe) Hydrogen {vepurified)--- purchesed fyow Hethesen of Canads Led.

Parchased from Csasdise Leboratery Supplics, Torouie, Ost

{a) Coppur Tubing--- Anaconds Sumerican Brags LEd., Hew Toromte, Ont,

purchased from Alloy Hezal Ssles, Winadipeg, Cssada.

2

{8} Staipmless Ztesl--- pupchased from aAlloy Hetal zales, YWimnipeg,

w 3

Microliter HSyringes:

purchazed frowm the Hamiltew Co. Ime., Bhirtier, CTalif.
ipl, Spl, iGpl and 20pl sizes.



.
The following colums packings were purchessd resdy for
uze fvom F & ¥ Scientific Corp., Avondsle, Pa. in 100 gm. lats.
1% Corbowaz 20M on 80-100 mesh Jlateport 5.
2% Cecbowen 20¥ on 20-100 mesh Diastgport B.
0% Corbowax 20 on BD-100 ==eh Distopozt §.
1% Heopentyl glyesl sveelsnste on Distoport 2 (80-100 wmeshk}.
107 Heopentyl glycol succimate on Distopors & {80-103 mesh}.
10% silicene Grsase DO-LL om Disteport & (B0-100 wmesh).
10% Apiezom o Disteport & {80-100 mesh).
The Eoilowlsg colums paskings weve purchssaed from Ressapeh
specialitiss Cu., Aichemsd, Q8lif. |
1% Carbowax L5940 on 30-100 mesh Diszeper: 5.
#.5% Carbowazx 1540 on 30-100 mesh Distopert 3.
1% Beopentyl glycol succinste e Chroposord AV 60-8C mesh.
#» Bilica Gel

Laboratory resgent grade {(6-16 wmesh) puvchased from Fisher

scieatific Co., Faiviees, #®. J.

{4) FREPARATION OF MATERIALS

{i} Pryime of Vethanspl

Lpprozimetely 200 ml of wmethswol wes pleced inm &
5G0 sl round bobies distilliation fiask. About twe duzen
megnssive turnings {awount sot criticsl) were sdded to the

washenel snd the contents shalken.
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- Fhe flask was placed in g__,.}g;;&;@i;_ixa@ mantie and &8 ? footr fractionm-
ation colusn was placed wpright in the neck of the fiagk. 4
thermometer was placed in the upper end of the frectionation colwss,
A wster-coolizd covdenser wes atisched to the side zrm of the
fractipnation coluss. At the lower end of the comdenser was
sttached 2 collecting flask. & caleiwm chlsyide tube was sitached
to 8 side arm in the neok of the epllsction flask,

The reaction betwsen magnesiuvm and methanol was sllowed to go
o complation 8t reom temperature. The heating wantle was then
set to 65°C and the methansl g:aliee;l;;_eé by distillation. The first
2025 ml distiliing over. w#& digcarded and the disgillation stoppsd
after epough methanol had been collected for ewperimsntation.

The methancl was stored in the distillstion flask complataly
sealed from the atmosphere. 4s more methanol was required move
‘magnesium turnings were added fo the distillation flask and the
procedure vepeated, However, after two or three distillaziens
the residus .{-ﬁzwﬁ}g}.:rmiﬁmg in the flask was washed cut with
methanol,

" The chemical reactions for the drying of methasol by this
method are as follews:s

2 €H,0H 4 Hg' T H, 4 HE(0CHy),

2 By0 # Ma(OCHy ), S2ELEE. wetom), £ 2 CHOE
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(i) Purification of Thionyl Chloride

Thicnyl chloride and quinoline were added to a 500 ml flask
in & 2t]1 ratio and thoroughly mixed. The flask was placed on a
heating mantle and attached to a 1 foot Vigreux column and condenser
and hested. ‘thimll chloride was collected at 78-80°C

» The distillation ¢f thionyl chloride win carried out in a
fume hood with adequate ventilation.

The thionyl chloride, distilled from the quinoline, was mixed
with the washed, boiled,linsesd oil (see bslew). The flask was
placed on & imr.iug mantle and a water-cooled condenser attached,
The mixture was heated to 7;{: in a fume hkood. Colorless thionyl
chloride was collected.

~ The water-clear thionyl chloride was placed in brown-colored
glass bottles which were tightly capped and stored in a refrigerator.
Whenever a yellow appearance was observed the thionyl chloride was
redditilied from linseed oil. The linseed oil, since it solidifies

after distillation, was discarded immediately.

The linseed oil used above was purified asfollows: aspproximately

30 ml of boiled linseed oil was shaken with 200 ml of ethanol by
agitation for several minutes in a 500 ml distillation flask. The
flask was placed {n a heating mantle and a water-cooled coademerk
attached to the neck of the flask. The ethanol was removed from
~the linseed oil by distillation at 78-80°C. This step is necessary
since the boiled linseed oil is not a ei:uicaily defined compound
and may contain components which would distill over at the same

temperature as thionyl chloride.
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{b) METHODS FOR GAS CHROMATOGRAPHY
(1) Cleaning of Metal Tubing

8ince copper or stainless steel tubing may contain impurities

fnside the tubing that will cause bleeding from the resin, it was

advisable to wash the tubing before use., One end of the tubing
was attached to a water-gsuction pump and the following solutions
drawn through the metal tubing in the following order: 100 ml

each of laboratory detergent solutiom, distilled water, methanol,

acetone and benzéns., The metal tubing was then thoroughly dried

with a gas flame before packing with resin.

The appropriate length of tubing was cut with a tube cutter
and the ends of the tube smoothed with a metal file. One end of
the metal tube was plugged with slassvmlp The plugged end was
placed onto an electric vibrator (s Vortex Jr. mixer was used).
A funnel was attached to the open end of the metal tube and the
resin pouréd inte the funnel while the column was continuously vibrating,
The pouring of the resin was stopped at intervals to allow the resin to

settle and air to escape. To insure complete packing of the resin the

tubing was frequently knmocked with a heavy metal object. The columa

was considered packed when no more resin could be added to the




rubring. The open end was Lhen plegged with glass weel.

{324} Colling of Uolumns

the metsl colysms hed to be coiledinze a spirsl
in srder to £it into the owen of the flawe lonizacion atrgchment.
The iptarnsl dipwmeter of this spirval wes 13 em. 4 steel cylisder
af these dimenniong wes atteched oo g power laths., Uitk the
eylinder turning slowly, the wetel tubleg was then cavefully
wound around the ovlinder. About iU cm on each end of the columm
was left straight end bent o 2 90° angle for attschment to the
Lipey by Swagelolk fitrings. The compentions wsre tezged for gas
ieaks under & high goe pregsure with o SHGOY devergent solution.

{iw) Hessurement of Gas Flow

The carrvier gay flow wes weasured with a bubble
flow meter attached to the end of the coluem nearest the
iniection port, A zeep-film meter ag sugzgested by James and
HWarecin £1%532) consisting of & gredusted buretie with a robber
bulb attached e the end and filled with detergent sclutiom
wps used.

The ges sample from the m@iumé enters the
burette. The rubber comnsction iz pinched sund the sesp solution
sscends inte the gay nlet tube. & bubble is forwed, vises im
the graduated tube and its vate of sscent in the calibrated
sortion of the buretts iz timed with a stopwstch. The flow
rate i cgleulated in =l of ges per minule.

{w} Brying of Gases

It was found necessary, seriiculariy aader



oy
“w
-

.conditions uf high humidite, to prevent water from snberiasg
fiimce fracer of water had 4 drastie effect s

the pas lises,
piildes gel snd closed 5% both emde with glase weol weoe inpesried

the ze2bility of the flame debsoter, metzl tubsz containing
z lines between the gee ¢yviimders snd the detectsor

inte the za
anit.
fyily Geagoning of the Columns
In order to clean {or zeason) the colusms zad
and to stabilize thom fo gas Flsw
sre heated Lo

thelr reainz of lepuritles o

snd temparaturs chawpges., wnswly prepsved colusns W

their sszimuw slisusble tempuratures i.z. 2759 for Carhowax
40 colwens, from 16 to 34

Y0 For Cerbowaw 1
4 high carrisy ges Tlew i.e. 158 slifmis. wsas
e busy bed bese

o

B W ocolueme and
m

hours before use. 4
tha impuritiss. Usow
nesesnary o repsst the process

mhad Lo swesy ol
it was only

properly ssagoned
for # faw hours wvhen fhe coluss was &3 be reused,
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SECTION 111
o PRELIMIBARY ZXPERIMERTS OB THE FOTERIFICATION OF AMIROG ACGIDS

i. Preparsticn of H-dcetyl sovl amins Acid Esgers

Since the method described by Johmson, Scott sad Heister (1361}
wes developed in the ®ost systemstic manner so far reported
attempts ware made o use it for cuantitaztive conversiom. The
procedure was folilowed as described in the original paper.

& volume 0f 20 ml amyl zlcohsl was added to 2 mixture contaip.
ing the 19 smine scids (listed on page 10) dr 2 100 al vound bottom:
flasl.. - The methanel was ssturated with enhydrous hydrogen bromide
gz and the amine acids dissolved. This aixture was vefluxed at
165°C for 30 minutes and them cooled %o room temperature. The
contents of the flask was then evaporated on 2 rvotalory evaporsior
at 50°C under reduced pressure.

A wolime of € ml acstic ashydride wes added to the residuwe
and the mizture wae left standing at roowm tempersture for 5=-10
winutes. The excess anbydride wss then evaporated zs before and
the residue dissclved in benzene or amyl alcohel o g wolume of
5emle

This methed met with limited success im sur hande., Tt was
difficnsit to ohtain veproducible peak sveszs with cysteine oy ths
bhasic amine acids, Sowme modificetionz of the methed weve tried,
2.8 lewer refluxing temperstures and a longer scetylation time,
but without improvesent.

When the aminoc acid esters ware chromatographed om a 10% ¢
174" 1% Carbowax 1540 column the esters of methionine, pheaylalanine,
hydroxyproline and aspaviic scid were very wide and flat, and

the vields were nef very great,
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A 10' x 1/4" 1% neopentyl glycol succinate column was tried

but the peaks were again broad and flat, particularly towards the

end of the geparation. It was difficult to resolve alanine #

valine, isoleucine # leucine and glycine due to tailing of the

esters. It was difficult to record peak areas from the integration

of the peaks,

Since water i&s an end-product in the esterification reaction,

benzene was used to form an azeotropic mixture with the water in

order to further complete the esterification. This met with limited
success, improving the peak heights of a few amino acids but still

not removing the lack of reproducibility with the basic amino acids.

2. Preparation of N.Trifluorcacetyl Methyl Aming Acid Esters

Several methods were tried:

(a) Anhydrous HCl or HBr method

Approximately 20 ml dry methancl was acidified with anhydrous

-’ﬂc}. or HBr and the amino acid mixture added to the solution.
A few drops of dimethoxypropane ~- a Water SCAVENREr ~- Was
sometimes added at this point. The mixture was then refluxed
at temperatures from 60-80°C for 30-60 minutes. The contents
were then evapoui:ed at sither room temperature or 50°¢ on a
rotatory evaporator.

A 3 ml volume of trifluorocacetic anhydride was added and
left standing at room temperature for one hour. The excess
anhydride was then evaporated and the residue dissolved in
wethanol to 5 ml.

This method, though more successful than the Negcetyl amyl

amino acid method, was still mot reproducible. Aseotroping
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of the ester with benzene and further mathylation improved the
peak heights of the amino acids but there was still difficulty
with the basic amino acids, particulaxly histidiue,

The peaks for cysteine, proline, methionine,

glutamic acid and the basic amino acids arginine, lysine and
histidine were very small. This guggested that only a smsll
percentage of these amino acids were converted. Methionine was
not very stable and decomposed within a few hours.

| Vhen injected alone in high concentrations histi-

dine gave three peaks, one where histidine normally occurs, one
peak overlapping the glycine peak and avother peak overlapping
the lysine peak. It is not kaown whether the mmltiple peaks are
due to contaminants in the originsl histidine sample or else due |
to the formation of several histidine derivatives.

Since it is possible that the presence of different
amounts of water as an end product may be one reason for the
difficulty in achieving quantitative esterification other pro-
cedures were attempted.

®) Dimethylformamide Method
The anhydrous HCL or HBEr wethod was modified by &

procedure similar to that described by Zomely et al (1962).
A 15 ml volume of methanol was acidified with &

smell amount of anhydrous HBr., A few drops of dimethoxypropane »~

8 watexr scavenger ~- were added at this point. The scidified
methanol was added to the amino acid mixture and the amino scids
dissolved, A 10% volume of dimethylformamide (1.5 ml) was added




{c)

]
Gl
%

=

to the methansl and the solution seturaiad with sohydrous HEz.

"

The contents were fhen evaporated s a Tolsiowy evspoersior ondey
negative pressurs st 30-60°C,

4% this stage the reelidus was neuteaiized with = 1 ¥
sclution =f smmonisn corbonate in wethamel or 2 zolution of L ¥
sedive carbonate. The esters were thes rewoved from the polution
by repested eubraciions with methylene chieride im a seperatovy
funmel. The sutracts were evsporated on 2 rolalory svaporsior
under segstive pressure at 36%C.

Hethylene chlovide { 5 al}, 0.1 wl of dimethyl-
formamide and 2 »l of trifiveroscetic aehydride were added to the
yasiduee, The comtenisz ware allowed to stand 8% roos lewpersisre
For 3060 wminules znd then evaporated ssd the rasidue dissolved
in methenol and dissthyiforununide.

This method was not secdeselfnl. Vhen the derivatives
wgre snsizzed on the ges chromstegraph multiple peaks for zesny
aming aelds wers obtalaed. Auy dileetbrifornsmide present zlazo
took s long time to come off the colussm. The c¢olumm wes ziss
damaged and severs blseding resulied.

First Hethod for Makieg N-Triflusroscetyl Methvl Esters
with Thicayl Chloride

To 26 2l of dvy ssthanol were added & =L of thiomyl
chlopide drep by drop, the flssk being pleced in o <old bath {dey
ice and msthyl celicoolive). The selution wss then added to the
sming goid migture sud the amins acids fizsclived. The solution
was then refluged 3t §0-85%C for 1 - 2 hourg sed the comtents
svaporated oun 2 rolstery evaporsior under nepative pressure

at ‘Wﬁt



triflucroacetic suhydride was

15+

& volume of 3 ul o
sdded sud lafi st voom Lempevateve For oue howr. The excess
anhydride wes then svaporeted and the veaidue dizsolved in
mothensl to s wolums of 5 wl.

Thic methed gove bulier vesulis than say of ths
previously used procedures. Howewver, it was observed that the
sztevification could proceed just sz well if the wmixtere were left
standing overnight st room Cemperature. Also, it was thought thst
refluning might cause loss of svwms of the wlatile esters.

The wethoed finally adopted iz given in detail in the

following ssetion.
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SRCTION IV
FINAL METHOD FOR THE

PREPARATION AHD ZEPARATIOR OF THE AWING ACLIE

HE-TRIFLUCRCACETYL eNIEYLI ZETERS

Procedure

Approzimstely I8 mil of Jry sethenol wae sdded to the smine acid
wizxture in & 100 nl roend bottom flaek, eund the smine scids disselived
2% well as possible by sheling., The flesk wae then pleced in a3 cold
Bath (dvy lee im wellyl cellpsolve) and 2 -« & el of weter-clesr thionyl
chioride added drop by drop te the methauol with cesstent wmizisg. The
flssk wes then stopperzd with 2 caleium chleride drying tube apd Rept
st 4090 for two hours iz = gilicone oil bath. The hested mixture was
ihen covled te roowm tempersture. The flask wesr ageis pisced in 5 celd
batk for a fow minulez aad vas to tue wllliliters of Trifluserasestic
mydr ide added. The flask wes left et reon tempersture for ons Lo Lwo
howes znd the extess Trifluvoregestic svhydride (or s2id) resoved on &
getatory evaporstor st rovs tesperatude.

The residue waz then disselved in dry methswmol and the vwlons
gdiusted to 5 wl., The esters were left stending st room temperastuve for
3 = 4 howra. Up to ZG pl of the sample was injected sunte the gas
Chrometography coless with 3 Hemilton microliter gyringe.

Caz Chromatography

The geparations ware cervied out on am ¥ & ¥ Model 720 chrosstograph
with a hydrogen flase detazctor sttachment Wodel 160%. The hydrogen flow
gate wae BS wifwinute apd the sir flow 450 wlfwinute. The isjection povt
temperature was 3059C sad the block tempersture 280%C. Rither stainless

steel or copper tubing ¥es uvsed. The sepavstions were mede on three
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typés of colusms: & 200 2 Y 1% Carbowsy 2% op $0-100 mesh Site-
port 8, 4 2 ¥ 4" 10 Cothowsx D0M ow 804100 wisk @latoport ¥ and @
10% 2 40 1% Covbowsz 1580 on distoport S.

‘The carrier gez wes nitvogen st # Fflow rats of 20 mlfainute with
the Carbowax 20 ¥ colusas zad 50 ml/minute with the Carbowax 1540
colmm.

4 different teupersture program wes used for sach colusn, For
chromatography on the 20° Cerbomss coluwn the tewpsrsture was 5090 st
the time of Injectiswn. The temperaturs wes propramed to vise st
5% uinute to 185%C, " The tewperstite waw then held st 185%C for
30 minutes, then the tespevsiure was agsis prosrusmed o riss
20/minute to 236%C.  The column tewperaturs was them held st 230°C for
shz rest of the rusn, &g;amim%:ely a further forty wmisutes. Cysteins,
valine, amzzm gf zﬁéimm& {%s se@amwégg lescing, glycine, proling,
&ﬁmrtu aaiﬁg tkﬁgﬁﬁmmﬁ %i?&:xwm@, gj.uw@m. ﬁﬁﬁa,%a phenyislanine,
gering, srgpinine, ﬂyaimmﬁﬁm« & emeé lyveine wave 41l guentizatively
separated.

Cpor chromstograghy ob the 2% Carbowss 20 M éolusm the injection

“was made with the column 8¢ Toow tempervature end the temperature vaissd

U to 270°C within tws o three minutes, The ‘tyrosine peak appeared with-

“in 18 minutes snd was followed immedistely by the histidime amd teyp-
* tophan peaks.

Por chromstography or the 1% Csrbowaxz 1540 column the injecticn was
made 8t room Lempsrature. ‘After $ive sinubes the Lewperaturs wes seb te
120%C amd chen ‘reised 5%7misuse to L70PC.  Cystedne, waline, alsnims,

4soleucine, leucine, ‘glydine and proline were guzntitatively sepavabad
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on the 1540 columm, with threonine-methionine, glutamic acid and
phenylalanine being the final amino acids to appesr. (A detailed
study of the ges chromatography of the K-Trifluorcacetyl amino acid
methyl esters, including the diagrams of the separations on each of
the three columms is given in the section on Gas Chromatography
page 44 ).

The above procedure gave reproducible, quantitative reanlts.
Every step in the procedure was carefully worked out to insure
maximum peak areas for én éuxuo actds, The peak areas were ex-
ﬁresscd in "integrator units", each excursion of the integratoy
being described as a unit. The following sections describe in de-
tail the variations tried in the esterification and trifluoroscetyl-

ation of the amino acids,
SECTION Vi _
COMDITIONS FOR THE REPRODUCIBRLE FORMATION

H-TRIPLICROACETYL AMINO ACID METHYL RSTNAS

Each step in the formation of H-trifluoroscetyl sethyl amine acid
esters given in the preceding section had to be studied, #.g. the necessity
for purification of thionyl chloride, the optimum temperature and time for
_utkylathﬁ and the concentration of thionyl chloride required for maximum
methylation. Likewise the volume of triflucrcacetic anhydride needed and
the optimum time for trifluorcacetylation were algo studied. Throughout the
one criterion of conversion was the obteining of large, reproducible peak
isun on the chromatograms for given awmounts of amino scids.

For some amino acids esterification did not seem to ba complete after
standing overnight, For these amino acids maximum pesk heights secemed to
require a further reaction in the final methanol after the removal of txi-

fluoroacetic anhydride,
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-3 METHYLATION oF AMING ACTDE
{al Jmportaace of Vater-Clesy Thiveyl Chieride

(&)

tmring the first pert of the work indusirial thiomyl
chioride was used im 211 experimmsre. While sews baiches were
satisfactory, otherz 4id not give veproducible resulfe. Fluks
water-clesr thicayl chloride wes therefore tried sud sinmce it
wae found to be sstisfactory was uvsed throughout 21l the later
work. The Pisher (Jadustrisl) thiouyl c¢hiloride was then
parified by the method described om page 6.

Unporified ws Water-Clesr Thiomyl Chioride

Under consiant sxperisentsi conditisse snly tvrosing,
histidinme and tryptophen failed to shov veproducible pesks when
wnpurified thionyl chloride was used. For this reazson & study
of the conversiem of these aemiae acids alone was mede on @ short
2 % £ 1% Carbowsz 700 colums.

in thiz szperiment Che vse of unpurified Filsher thionyi
chlozide wap cospered with Fleber thioayl chiloride sedistiilad
from guinoline and weshed linsgeed oil. 4 sesmple comtaining 3 ag
of ssch amino aeiéowas esterifigd in a2 100 vl round bottow flask
tn & colé kath/with 4 ul of eitker the redistilled or wapsrified
thionyi chileride in 20 al of dey sethewsl. The flaskes were thes
hested to 40°C for 2 hours in & silicome oil bath. After evapor-
ztion on a rotatory evaporator uamder megative pressure si Toom

temparsturs, 3 ml of trifivorcacesiic achydride wasz added and the

fleshks ailowed bo stand &b voon tespersture for 2 hours. Afterw

removzl of the excess asshydride by evapovation the fimsl deriv-



TABLE 1

YSPURIFIED VS WATER-CLEAR TRICHYL CHRLORIZE

Amjeciad
1 pg of sech aming scid

(TRGRATOR UMITS

AMIRG ACIR gys Yali lew Azp e Tyr Bizx Teye
AYTEBUATION = 168G 640 H40 &40 160 LA 84 i
VHPURIFIES

28Ci, & & % F o oe=e 3@ 3 G
UHPIR R ED

ng & & i1 7 b 30 & &

Yoamn: & 8.5 iy E b 38 8.5 &
Hetar-Oileay BOCL, 5 @ j 4 Ei & &2 iz 18
Water-Clear 50019 ¥ ¥ & 36 1% $

Hean: & 1 11.53 7 & 37.3 18 13.3
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atives ware dizselived in § wl of dry wethumcl. & velume of 18 pil
feomeaining the derivative obtainsd from L0 py of 2sch emino seid)
was injectad onto & 2% z &7 1% Cerbowax 20M colsen. The experi-
ments were vun io duplicate.

The rvesuiie ere given in Tsbls I.

The peeksz due to serime, fyrosine, histidine and teyp-
tephan shoved an iscresse in gize when water-~clear thionyl chloride
was used.

Optisum Tempevsture for the Methwiztion of Amino Acids

Seweral cuperiments were zarried oub, sllowing the ssmples
te stand at room temperature owernight (l.e. 26%C-16 hours).
Procedurs

spproviastely 20 wl dry methous]l wes sdded fo 100 sl rousd
botton fisshs containing % mg of veeh szmine acid. The Flseks woze
then placed in 2 cold bath znd 4 sl of "Fluka" water-clear thiemyl
chioride added drep by drop to the setheanul. The flasks were
steppeved with caloeium chloride deving tubes snd zllowed 2o stand
2t room Lempersturz for 16 heurs. The contents of the Fflasks ways
ther eveporsted under negative pressure 2t room tempersture, Trie
fluorcacetis sehevdride {3 ml) wae sdded and the flzeks allowed o
stend st vroum tewperature for twe houwrs and then evaporeted as
before. The esters weve theu disssived in 5 ml dry methasel snd
10 pl sasples {(sguivalent to 10 pg of sach amiac scid) injected
pete the chrowstopraphy colusme.

This procedure, with veristions, wes used in suceeedisg

experiments.



CONYERITON 47 R TEMPERATURE

= 16 Houns
Injscted: 10 pg of gach asive scid
THTEGRATOR THITS
Thawn

AMIND ACIR Cen Yel Alas Lew @ly Pre Asp Thre Met Glat Phe Ser Arg Hyp Lys Teor Hist Tevp
ATIERUATTON 160 Ghfremoncens e wommmons GG BQeemmmeemewe (EQemesceonwenneemsenes G &G
R0~ 16 nours & W L7 CE e & 15 12 & & s 3 i & 7
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TARLE 3
METHYLATION AT YaRldus TinrRRATUREY
Injected: LU pg esch amine asid
IRTEGRATOR WalT
Tien
SMING ACTH Byg Val 4Als feu Gly Pro %%@ Thre et Glut ¥he Ser drg Iyp ayﬁ Ty  Hist Trye
ATTERUATION x 160 Bhllerworemnmnamm e nn o omon  REE  FRememeamenmn e s o o . N ¢

265016 howrs & FU T S S 9 6 ? iz iz & 4 5 4 N

&G°Cewol hours B % i 1L 4.5 8 & & i3 i1 3 3 3 4 0 23
&GP0~ ~16 houws Ed 8 M 10 5 4.3 & & 12 13 23 4 & & 34
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TARLE 4
REFEQUUCIBILITY OF Z0TER FORMATION AT 40%C

O Budeeted: 18 pg of esch smine selid

INTRERATOR UY
ilaw

AMING A0TE Crs Wal Ale leuw @Bly PFro ssp Thre Wet Glet VPhe fSew dee Hyp lus Typ Hisk = Teyp
ATTEBUATION = 160 64feonwosn wvmoemsnncnenarers  BHG  RBecevcnamene  Ghflecccsernonnncnnaneae G0 Leg

4OFCrend howrs 3 i 8.3 W 4 & 5 03 12 11 0 3 2.5 15 & 36

> B

14

¥

EGPCeawd houns % g 4.5 1L 4.5 & & FLET § 1 MmO03 A LTI it fa i3 i
PG howurs 3 10 33,5 , 14 5? 5 & & 7 %,s 14 1% e 3 E id %?}3 3% °§§§ 58
Hean: wwm\wm%ﬁi 2 & &é\’%mg 58 e % ﬁ N 2 é‘;@, 4 xm@gg@mwgﬁ%&?@wmmm gmam%&mz%{ L aw«? ! %x’www”m'%&f&
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TABLE 6
OFPIHDN TIHE FOR BETHVLATION AT ARG
injected:

10 pg of wsch swmisg asid
INTRGRATOR UNTES

AMING ACTE Cys Val ﬁi‘g Lew Gly Fre Asp Fhee Mee Glut Phe Ser Avg Byp lye Tye fidst drvp
ATEENUATION B0 G40 mmcmmm v ams oo mane LB G meeneemoes 3G memcocsnmssesccnnae B0 160
H0¥C 30 wia, & W B s ees & wes  ses  wese  sws 2 sme owew oewe 33 34 2
40°¢ 1 howr & 7 10 1w & $ 5 4 11 21 03 2.5 W 2.5 M 13 14
40%¢ 2 houza & 11 15 11 %3 12 & 6 i 1 31 & 3 20 7 3% 13 1%
409¢ 4 houss § 9 13 M 4 3.3 6 5 13 W 2% 4 % 16 & 33 12 18
40°C 8 houxs 6 11 15 W 5 2 7 & 12 & 28 4 & 1% & 29 8 10
40°C 16 houra & & 16 1@ 3 4.5 6 & 12 12 23 35 4 17 & 3 & ¥
40°C 19 hours 5 % 15 9 4.3 .5 5 4 otz 23 8 3w & 3w ¥ #
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32.

Optimm Time for the Mothylation of Amiano Acids
at 40°C end yoom temperature

Having verified 409C as being the optisum temperature

for the methylation of smino ascids, it was now mecessary to
find the optimum time for methylation at 400C.

A large nupmber of cxperiments were carried out im which
the esterification step proceedad st 40°C for variocus time in-
tervals. The data given vepresent the mean values of these
experimants. Twenty ml of dry methanol was added te 100 sl
round bottom flasks containing 5 mg of each amino acid. The
flasks were placed in a cold bath {dry ice im methyl cellosolve)
and & wl of Pluka watevr-clear thienyl chloride added drop by
drop to the methsemol. The flasks were stoppered with calcium
chloride deying tubes and plesced in a silicome ofl bath at 409¢,

The time intervals for methylatiom at 40°C were: 30 mins.,
i hour, 2 hours, 4 hours, 8 hours, and 1& hours (i.e. 6 different
sgmples). Another sample was also methylated at 40%C for 19 hours.

The conteants of the flasks wers then evaporaeted om &
rotatory evaporator uuader negative pressure st room temperature.
Approximately 3 ml of trifluorsacetic amhydride wae sdded and the
flasks left stending at room temperature for 2 hours and them
evaporated as before. The derivatives were dissclved in dry
methanol £o a volume of 5 wl. 10 pl samples (10 mgm of each aminc
acid) were injected emto a 20' x %" 17 Carbowax 20 M colusm te
separate the emino acids from cysteine to lysine and onto a
2" = §* 1% Cazbowax 20 M column te separate tyrosine, histidine

snd trypiophan. The 40°C-- 30 min, semple was injected only onte
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g 2% 7 ¥ 1% Cavbowan 20 ¥ coluss.

The swen values in Table & were obiained for & pusber
of ezperimgnts &% the Lime lutervals glvem.

411 of the smine ecligs resch their susisus pesk sres
a8t $09C-~2 hours. With prolonged bostisg st 409C there is 2
deeresse in the peah stess of seversl awine gcide. Preliss,
iveine, himtiding gnd tryptorzhsn shew 2 werbed decresse in pesk
size, whereas arginine and hydvewyproline show 2 slight decrease
in peak size on prelonged hestisg.

Hethylstion et 409C for 2 boure wee thevefore used im
21l szubseqguent exmperisente.

fimce Lt wmse found coswenient Co eaterify smine scids
zb poun boupersture overwnight. A tise study wes thevefors cone
ducted on metheistion at roow benparsturve.

The procedurs on pege 25was followed with the ewveptise
that esterificetion wes ecaivied sub st vovm tempevetuve (L6985}
for the fellowing ¢ime intevvals: 1§ bowr, 2 howrs, & hours, and
16 hours, Samsles of 10 pl {cemteining 10 pge of csch smiss
zcid} weres injestesd onte 20¢° 3 £ 1L fuvbowss 20 ¥ coleass znd
ﬁﬁéﬁ 2% w & 1% Cerbowar 0 ¥ columams. 4 0% = 3% 1% Carbosss
1540 columy wse slse uvsed Lo sypevats the slonineasd looleuwcioe.

The azine scids show the lergest peak sress st 26%C -
it houes. Howsver there is & gap between & hours gad 16 éﬁﬁrai-
Turiog this intervel complete esterification could hawe taken
glace., Por convenience 18 wes found post suitsble te let the

esfevification take place overaight. The poeh sreas of all zhe



TABLE ¥

OPTDUM TIHE FOR METHVLATION AT BOGR TEMPERATURE

The reaults are tobwlsted in TABLE 7

injgered:

10 R of sach aswivg seid
IBTECRATOR UHYTS

AMIBG aCID : Ges Vol Ala Kiew Iew Oly Feo Sep Thre Met Glut phe, Sey  Avg Hep iws Ter  Higt Teys
ATTERUATION 160 6B srewmvcescnoncoommanemoneooons 160 neverecnmecnmonn 360 vemccmmemonss comees 8O 160
W% 1 heouy § 2 4 1 % 3 1 2 i & 3 w0 0 B 1 i L &
W%C I hours 4 6 ? & L1 5 ¢ & 3 19 g8 15 1 o @ 2 2 ¢ &
3P0 4 houwrs & B 8 5.3 11 3 ¥ & 3 it 12 &L 3 2 3 2 @ & &
38°C 16 hours 8 1o 7 ¥F 11 5 18 8 ¥ 1z 12 & 4 & % 4 3¢ $ &
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amino scids estarified at 269C for 16 hours are with the exception
of trypiophen, soprowimataly sgual to the psak aress obigined gt
45%C; the results obtsised with eithsr of the twe methods were

raproducibla,

(&} The amowmt of Thionyl Chloride required to react with Methanol
and Amine Acids For the baw imum %siﬁthy@m:iem ef the Amime Acids

Having obteined the optimum Cemperature snd time for ths

muthyiation of amine scide 1€ was now necessary to Find the

optimms concentration of thicanyl chioride required for resctiom
with dry wethanoel for the mewimes wethyletion of smino acids.

4 comstant volume of dyy metheanl (20 ml) was used ia all of the
experizments. Again the critericm of zaximus methylezion was
meximes peak size.

Approximately 20 ml of dry wethansl wss added to 100 =l
round bottom blagks contyining 5§ my of eech zmine goid. The
fissks were placed in 2 cold bath {(dry ice im methyl cellssclive)
znd the following volumes of water-cleay "Fluke™ thiecwsy!l chlorvide
added dropwiss to thaiy respective filasks: €. 3 mi, 1ml, Z mi,

b mi, and & ml, The {lasks weve thenm stopperved with calcium
chloride drying tubes and placed in = silicome oil bath at 40°%¢
fuy 2 hourg. The contents of the flashks were then evaporvated om
B2 rotatery evapsrater under megative pressure &t coom temperaturs.
approgimataly ¥ ml of triflucroacetic amhvdride was added and the
flasks left standing =t room temperature for 2 hours and then
svaporated az before. Samples of 10 ul (equivslent of 10 ug of
sach gmino scid) were injected ounlo 8% x 1/4% 1% Carbowsx 20 M
colwans and 2° x L/6° 1% Carvbowax 20 ¥ columms. By mistake the

8 ml thionyl chloride sample was imjected omto a 16% x 1/4" 1%



TARLE 8

OPTIMUN YOLUME OF THIORYL CHEORILE P08 wMETUYLAYIG

injected:

10 ug of esch swing goid
INTHGRATON UMITS

Heuw
AMIRG ACIRS Cyat Vel Ale Leuw Uly Pro dAsp Thre Met Glut Phe Ser dep Hyp Lys Tyr  #ist  Tevp
é??&?&gﬁ%?igg 8 %@@ @ﬁﬁl A e S S S S N D 68 08 O S M A A B S % &%ﬁ 33& fi e e e s s E&Q} wm. T A e e S S VECRGY W RE R  B n n  we @:{;} gg&({;ﬁ
Qo3 ml 80019 G i 3 & Fek 3 k G @ & & g i PG LA 9 L2
i mi 30C1s b & a & & 5. ¥ % 13 o 23 & & ) 3 L8 & (33
4 ml BOLY. 2 & 7 & & 7 4 & ¥ s 23 4 & # 3 O 8 3
& mi SOCLz 5 W 16 11 3w 2 &85 13 12 24 § 4 16 13 ) S ¢ 12
8 ml S0€13 & 8 iz 12 & iz T ovwe e wm me mm ee e ww 20 &.5 &

TARLE @
18 pg of esch amine scid
IHTEGRATOR UHIYS

{leu
AMING ACTR e Gyat Val Ale Tew Giy ¥Yre Aep Thea Met Glut The der App Hyws Ias Tyr fdet  Teyp
ATTENUATION % e LBO  BAD ccnesassocercosnanssanee  JG0 430 ccomssvens  JHD cvceanmmescsenenens 3 160

Hathod I & W & 11 55 18 ¥ & i 2022 4% 3 A7 13 3 1o ¥4
Method LI £ $ 1& 106 4.5 2.5 5.5 3 12 13 i & I A & | A 18 1%
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cerbowsy 1540 colusn inetsad of 2he 20° Cerboves 20 ¥ colesms.

5

Bince ¢ susber of experissnts ware cerrisd oet with
varving thienyl zhilovide concentrations, the resulis listed
in Teble & represenmi the wmsaw welues of these ezperimsnts.

Theve iz 2 Llerge ivcreass ln pesk size oy all amine

gtwesn $.5 wl ¢nd 1 ol of thiseyl chloride. 1t is

&
g‘:e
£
i
i

intereeting to note thet histidize asnd tryptophan heve reached
mazimum peak arveaz 2t 6.3 =l of thioeyl ochloride. 411 5% the
sminoe ascids rvesch thely cptimum pesh sress st 4 wl of thionyl
chioride. There Lz s sharp decressz in fhe size of the peaks
due to tyresine, histidise and tryptophsz at & wml of thisnyl
chiavide.

In early saperlsests the thionyl chleride wus added
Eizst fe ke 4oy msthanel in the 20ld beth and then I8-33 sl
of this mixture was added to the sming scld mizture. By this
mpthod, soms of the seine suids weze éiffieui: to digseive snd

g

hanicsl means bed to be weed to gl thes lnts sclutiza. In
order to dissolve the dry aming scids i wes found sdvanisgeous
to add the dvy methanel dizectly o the swine acid mimturs aund
then add the thicnyl chloride drep by dres to the methanel.

The swpine goids went into seletivs when snly s few drops of
thionyl zhloride had been added. The vesuliszsobtained from both
methods, nsmed Hethods 1 and 1T vespechively, were wery siwmliar.

These resuliis arsz listed iz Teble 4.
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i€ pg of each amino acid

TABLE 16
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Trifivorsgcstyiation of Hethyl fedng Acid Bsters

£a} Folume of Teiflverosvesis sebrpdride for Maulews Peal Uiss

Expevispats were corried out fs which wariews wnlumes

5 wrifiveorcesstis aphydvids were ugad §

A

the triflvevoscetyisbion
ef wmethyl smins seid esters in ap 2tlemst o find the optimue copunt
for trifisorsecstyistion.

topronisstely 20 ml of dry ssthewsl wes added to 100 wl
poond boetter floshs contsising 5 uz of 2sch seizs scid, 4 volume of
4 =l of thizeyl chiloride was sdded dvrop by dray €0 the methansl in 2
celd batk. The Flashe weve then stopporved with 2zlcium chilevide fZrviag

tubes and then plzced In & silicome o4l bath a2 &0%C for 2 hours. The

&

contentz of the flszhke wmave then eswspoveled 55 o PoLalaTy %@&%ﬁ?ﬁ%@%l
ungder megstive pressere at room Lespevsiurs.

The foilewing velumes of trifluvorescetic sabedride weve
added to their respective Flosks: 2 mi, S ul, 4 28, 5 21, & =% aud § wi.
The flasks weve thes 1eft 8¢ roon tespersturs for 2 heure, then evepor-
ated gs before. vy sethannl wee added te the sstere to o woluwe of
Fwl. & 10 pl voluwme of eoch semple wos iniected onte & 3% = %7 1%
Larbousz 20 B coluns.

The reguits shows in Tebls 18 veprseent the esen valoe
9f peversl superiswnis cprried ounfg with wsrying vwolumse of tvifivoro-
soztic avdhydrids.

The wvolums of twifluorescetis sohmdeide hed Llitele offest
g Lthe pesk aprgss of the amivo soide. Uowewer hizgh seluses of fpifliusde-

sestlic snbydride nzprarsd te decresse the ok avsas of histlidine pnd

Lryplophan.



fnteoted:

10 pg of each amioe scid

QT TIME POR TRIFLUOROACETYLATION

THBLE B0

oF

INTEGRATON UNITS

BETHYL. AMIHO ACED BRTEES

AMIRG ACED Cys  Yal Als Tlew Iew Gly Proe fsp Thee Mer Glug The Ser Ava Hys fys Tyr  Hist Trvp
AITERUATION & 180 6640 ~oeeeccesovcncnivonscomecseene LES 3R eceesecose 180 cememvmsemcmoconoan 80 160
13 mins. 0.5 7 3 ¥ 7 3.5 2 4 12 R S = iL 3 g 8 13
36 wing, $ w7 ¢ 3 %5 5.5 & & @& iz #® 3 3§ 1 4 33 L b4
1 beur 5 1w 7 w 3 ¥ 6 & iz e % 4 3 ¥ 8 35 ¥ 16
 howrs & 10 & i Y- 8 & ] 53 L3 S 3 &5 3 1D 36 ¥ 16
3 hours & $.3 1 g K 35 e & & is i3 28 4 3 LT ¥ 34 16 13
& bhours 7 il i & 1L 5 Y & B @ iE 24 3 8 a4 13 35 8 14
g 9 7 2 IF 4.5 10 ¥ & 11 2 %™ 4 4 1% 1w 32 1 §1 A

1% heurs
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%3 Ontivms Tise for Triflversssetvletiow of Hethyl
Amlnn Seld delera

The procedure desaribed on pege 25 was csed for
he seberificetion of sumise soids. syprosismetely 3 iﬁﬁl ez LE Lo
Zpaeetic snbydride wasn goded (o the ssopies and t&ﬂy were ieft
gt reom btswpersbere for the followisg bime interwsis: 13 =dn.,
30 min., I howe, I hours, 3 hours, & hours end 16 houwrs. The
sanpies wsre eveporated end thew disselved s dey apthensl o @
poelome of § wi. Exectly 10 pl semples weve injscted onts thyes
columse: s 20° 2 ¥ LD Cerbowsx 20 W, 2 2° 2 " 1% Cerbumen
20 ¥ snd & 16° x §° 1% Cerbowsn 1346 colusm.

Ghe resulis ix Tebils i, represent the mesp valuvez
G savers) SIpUEiEEREs.

Trefiluoregsetylietion reaches o wexnlaww afier yne
bowr 2t roos tewperaiure after which thewve ie Littis chaugs ia
pgek arese owver z vervied ef b heerg,

Thezefore & voluwe of 2-3 mis of crifleovesseiic
anfiydride st rouvs fsugersture for l-f bwers is sufficient for
mexiswn peek sizs.

The Effsct of Tisme o Standing in the Fissl Solvemt
{Methsnnl) vpos Peak Sizs

When the optimum conditions for formation of the
aming acid devivetives, given in Jofail in the precediung ssctiens,
wers adbered to it wue freguently sheerved that the peeh srvess of
some of the smins scids wers wmot always 22 their mewivems. This
was only the csse vhawn the amine soids wewe injecied shortly afier

dizselvisg ip the finel solvenk. If the seuples weye le8f stand-

inz overnight st room tespersture zod thes injected onte the
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Al law Gly ¥rg

TaBLE 12

IHTRGRATOR UNIRR

fap

EFFRCES OF STAUDING UNS PESX 826

Hat Slot  Phe
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chrowstograshy colowns, the peab syeas 0F 2ll the swive scids
wouid resch o mezimem.  The swine zoide that vere most affected
by prasding-~ sevines, srginise, bedrowyproliine. Yezlve end
bistidine-= 21l heve sither secondsry amine groupa. imiss groups,
indole nitrogen or hydromyl groups which micht underge further
wathyiation or trifluovcacetyistisn on stanmding st rove temper~
ature in the Fiosl solvent.

o+ The following procedure was uesed: approzimately
20 ml of dey wethenol was pleced fa 2 100 =i vound bottos flask
containing 5 »g of ssch smine acid. The flaske weve placsd in 2
cold both and 4 mi of water-clesr "Fluke™ thionyl chloride edded
drop by drep to the methansl. The flasks were steppeved with
ealeivm chloride deving tubse gud pisced in 8 silicons oil bath

22 &6°C for 2 hours. The contents of the Fflasks wers then

svaporated vn e POLILOLY evarorater 2t megstive prespure wl voos

temperature. Approximetely 3 ml of triflvercacetic amhwdride

wag added o the Fiaske which wers 1aft 8t roown fepperatuve fov

2 hours. The excess anhydride wes then evavorasted, Dry methesol

wos added to the esters snd the volvwe adizsted te 5 mi.
Bupiicate samples were carried through the zbowe

provedure amd exactly 10 ul injected ento & 20' 2 &7 1% Cerbowax

20 ¥ colusm and a &% x §" 1% Corbessx 20 ¥ coluss.  The gamples

wore imjected at zevo tise i.e. vdiately after dissolvimg the
H-trifivorescetyl amino acid methyl ceter iz the dry methanol
and zpedin 14 hewre izter.

~ioo The results and the wean velues for the duplicais

sazples st z2gre time and 16 hours zre listed in Tabls 13,7
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separtic scid -- ars not affscted by standiag ia the flasl

matbanol. By the tims chromstograghy ou the colusa is com-
plets all the smino scids should Be cospletely couverted to
the devivstive sud can therefore be chromulogrephed o the

remsining fwn colusme.

Stebility of U-Trifivovoscetyl Amime fLcid
Hethyl Zaters ;

The samples weed in the supeviment sbove weve
lefe standimg =t room temperature for severel days. The
stabiifty of the ¥-Triflusroscetyl methyl derivsiives was then
tested by chromatographing them sfter standing for & days aad
14 dave. Exactly 18 pl samples wers injected omte s 206° = §°
1% Cerbowsm 20 K columm. The ssepics injscted sfter 14 days
standing waz also injected onto & 2° x %7 1% Cerbowsx 20 ¥
soluan, $he results asve listed in Table 14,

The H-Trifluorcacetyl wathyl smino acid esters
were showa o be very steble after stending at room Cempersfuve
for & and 1€ daya. The higher vesuliis obtained sfter 8 daye
are probably due o u pipstting errer.

Attempis Lo hcecelerste the Convevzion of Amino Acids to thely
_B-Trifluoreacetyl HMethyl Bsters

dimee it éa&@zxires up to 4 hours staading at
Foor tempersiure iz the finmal selvent for a@mpmm ggterificanion
of 21l the smine acids, sttempis weps made to accslerste the
semvarsion of these amiso acld degrivatives.

The swine scid derivstives were heated at 40°C for
% howe, 2 bowrs, 3 houwrs, & houvs, snd € hewrs in the fimel

mathanel scivent. Hxsctly 10 pl samples {comtaining 10 pg of
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Anjacied:

1@ pg of esch amime sid

ileuw
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Als  Lew Gly Iro
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esch smise scid) were injected ounte ¢ 20 x }* 1% Carbowes Z0 M
colusn sfter heating at 40%C for the time ntervals given sbeve
2% Well & abt zere Time. 'The resulis spe listed im Table 15,
There war on increese in the slee of the pesks
due o gerine, srginise, hydroxyproiine, lvsine, fyrosine,
histidine and teyptophan after beztisg the Finsl estey st 4AFRC
which resched meaniman pesk arese sfter £ hosrs. These resuliss

were the ssme xs Lhose obtzined st room tsmpevsiurs for & howrs.

Tharefore, hesting the fivel zster st H09¢ hpe little effect pe
7 sopelerating the cosplets esterificatioss.

The izconplets conversiss of the sming scids zo
the finzl derivetive was wmost neticssble 2t low mulse seld cone
centestisns. I w2e noticed that with emsll smounts of zumisw
gelds, z¥ier methylezion ond sveporsiiosn, thers »as slvevy 2
uid residue remaining which conld only be vemoved by hesting
2t & high tempevaftuze. Jinecz thionyl chleride maz probabily
addad in excess for ssterificstion of the smallest smounis of
swmine scide, the rssidue was ilikely either sulphuress acid oz
HCl. Weter was alse a possibilizy. This residus could pessibly
be intsvferimg with the further ssterification of these amine
avids. Atiempts were mede to rouove this residue without hers-
ing the methyl swmime scid estevs.

The first procedure uwsed was Lo add move dry
methanol to the residue after methylation hed ocourrad (provedure
on page 25 ) im am attempt to vempve the rvesidue by asectroping

it. The residue decressed im volume afier re-sweporating it asnd
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snd in somes cases LL was couplelely vemeoved. Howsver, as the

resullis in Toble 1€ will shew, this procedure was ol suicess-

ful.
Theve i ¢ Jdecyssse iz pesk size dus To vysisine

and 2 large decvesse in pesks due to histidiae when treated
with dzy sethanoi.

Gimee omly oysteinme snd histidize were affacted,
an atizept wos made 20 heatizmg the wmethyl esters In the zscend

1ot of dry ewthansl st 40%C for 2 howrs. The results, together

with thet of the normsl procsdurs, sre iisted im FTable i7V.

The ezperiment was not sucoessfel. There waes a
ﬁﬁrga deerepse in the pesk svage of oyateine, threonine,
Bydrousproline, ilysine snd histidine.

Attampts wers mede Lo aigetrops with benseme aflew
D ghe methvlastion snd svaporstion procedures or te dry the resideg
with sikher.

be results of these twe ewperiments sre listed
in Tebie i8.

There is & decvosse fun the size of the peohs due
to cysieine, phenyizlenine, serise, svginise, bydraxyproline,
iysine, histidime snd tryplophsn when benzene iz used te szze-
trope the vesidee. Drylag with ethey wes alsg not swcoessful
since the peak zsress of histidime sud trypiophan weve decrssssd.

Gther superiments were cayried esui in sm sttempt
Lo acoplevate the esteviflestion of sming scids.

& few drops of dimethowysvopene-~~- 2 waler

sepwenger-- wef added to the Finwsl selwest, in the belief that water
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may be juhibitiey compliete esterificatiom.

@

Pimeihyvisgifite, beliowed 1o be 2 possibis dfnter.

3y

mediste in the wethyletion resctiown, was used in the methelatien
af sming seids. Follewing the grocedurs described op psge 25
warving smounts of dimstheisulfite was added to the hicnyl
ghiovide -~ methanal-~ smize soild minturse.

Finslly, the esterification provadurs demeribed as
page 25 was carrisd out in the vreverse owdey. 4 sl of Trifinere-
seetic subydride was »dded to the splne scid mizturs, which was
then disssived by gestly heating st A0%C for z few wisutes and
ther stunding st roos tempersturs for I bours. The comtenis were
then evaporsted s described om gég@ 25 and 20 =i of dry methenol
plus & wl of Fluks wster-clser thiomyl chloride sdded o the
residus, The flssk wae them hasted st 40%C in = silicene oil
bath for I hours.

The vesalie of the 2bove superimeuie sre listed jo
Teble 19. The smdns scld devivetives were chrowstogrsvhed on s

x ¥ 1% Covbowes 20 M coluwm. Jaly tyrosine, histidine and
tryptaphan derivetives ave rverovrded snd compered te the nsgal
smine scid esterificstion precedure.

Bene of the shove experfswnts was succsssful.
There wes ¢ sharp decrsase in paalk heights due o tyrosiag,
histidine and tyyptophsn, with the largest decrease scourring

when ©

riflooroseetyriation was carried out fivss.
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SERITATIVES BY SAS-LIGUID CHROMATOORAPRY

In the preceding sections, the procedure for the counwersicn of cthe
smine seids inte wolatile derivelives suilsbis for ges cheomstograshy was
Siscussed, I¢ 1z mow spproprisze Le describe szsevimsats to Jetermise
sphimam conditions for the separation of thess Jevivalives By gas chroms-
pegraghy. The seleetion of the liguid pheses for sf8iclent sspavstionm, the
best foupevsbures progran Lo veselive saine zelde oo s particelsy colewms, the
gptimum flow reie of carrier ges through the colusn and the disensions of a

coisen hove 211 bess noudisd,

& GERERAL PO

I
ol
b
R
aﬂ&‘

RITATIVES MMIND 20T

774 wothyl smise seld esvers prepured by the esthod
geacribed an pugs 25 wers szepersted sadey the fallewing chrosmsis-
graphic condibiens:

1. Zhromstegraph
¥ & ¥ oeodel TEF duel coluss prograveed tompereturs pos
vhromstograph equipped with & Lempersiure programsey with & temper~
sture reage from 0.5%C to 3090 per mimnte.
2. petector

&n F & W model

pydrogen Slewr ipplisstios Jdetecter attouhe

ment opersisd sb 4 with 2 plstivem ring collector electreds.

The hydrogen flow rote waz 65 wifsls, =5d the alr flew rates50 alfseisn.




?ﬂ

&«

Tomper aLUr9s

The fujection port tespecature was 305%C and the Block temper-
ature (detecter) was 284%C.
Zecozder

A4 Wimpespolis-Homeywell, Srown isstrussals div. EZlectromii
aodel 133 with 2 comtinscus balonce potentiomsfer. It hus z silli-
well vange of ~8.20 e 1 smillivels, a full scsle balance spesd of
1 second with a chart speed of 1 iuch/é wminules or approximstely
.25 cw/uwlovte.

oty Lesn

&

Thres colummz were used in the finel snslysis, s 28% » ¥ 1%
Carbowar 20 ¥ on gistaporet 5§ {80100 mesh}, 3 2' x ¥ 1% serbowsx
20 ¥ on distoport 5 (80100 mesh) snd s 18 2 §£7 1% Cachowsz 1540
column on distopert 5 {26-100 =mesh} Copper or szizinlesz stzal tubliasg
I. B. &Y was used.
verciesr Gas

The varrler gas wes nitregen with o flow rate of 80 ul/minute
for the Carbowex 210 ¥ columss sud 58 al/einute for the Carboway
1540 colemns. The pressures abt the inlst eand ouilet weve &0 paig
and stwospheric respectively.

Tempersture programs

fa} 20° = 3" 1Z Carbowsx 20 K

the sample wes injected 4t & colues tewperaibwre of
SO0 and the column held st this feompevature for 24 wisuies.
The fempersters wes then preprewwd to rise 7/ minute te
185%C. ‘The tespersture was held st 183%C for 30 minutes,

after which fime the tempersiuve wss sgsin programssd fo
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iz then progra
program is idesi for & rapid semi-guantitetlive identificstiss
wf all swminc scids within lesz zhse § hour, Howsver, the

fan peahs are shevpsr vhen the

27000, Yhen working witk z
ganple containing very smsll soounts of awine szids the
sharpuess of these preke iz essseniial for s good estimsiies.

fe)y 38" x ¥" 1% Cavbewsr 1540 Colusm

ﬁ?

Tha injection is wmads wi he colums st room Lewmped-
arare. After 14 minutes the tewperature iz set to 12000 zad
hald thers for zbout 15 mivuitss. The temperaturzs ls then

set st 170%C for che remsinder of the rua.

v L8 necesszry for the ssparation of alsaine
2nd lsolesucine. Lysteline, walinms, lzucine, gilyoine, proliss,
aspartic gseid, threonine 4 seibiomine, glutamiz scld and
phouylalosing cen aleo be seporsted and esilwsied on Chis
column. Aunalysis time ls shout I hour and 30 ainules.

The totzl snalysis time fs about 4% howrs if sll
three oplveng sre used,

Semple Siz

4 volume of 1 te 20 pl of 2 sample comitaiming between | to 20 =g

of each smiso scid in 5 =l of methancl. This gave a ssmsitiviiy of
«f

)

% # “ﬁ‘ 3 3 ; 2 g v @
between 13 x 107 meles for glycioe and 5 » 07 wolss for trypteophan.

Upsretioe of the Ulsetromster

The flame ‘ownization sttschement iz sguipped with zn slectromster

which deiiveve 120 volis to the fon colleckor elect snd & range of

4 x 30-32 geps Full scale. T2 electrometer debermises the sensibivity




&8

ef rhe detection of the apine acids by the hvdrogen flsme detentor,

The rzage selscior attewwsies the imput fo the slectrometer
with z secsle ranpe of 10,000 doen to 1 (by degrees of 2 10},

the atzerwator divides the ouipet, in scale veadings of 254,
128, 64, 32, 16, &, % pnd 1, from the eloctvomster. The semsitivity
expravsed in smperes is detevmined by the veaps ¥ stbanustion X & ®
10742,

For amive scid andliveis o ronge of 10 sud sttemustoy zettings
af 2% te 2 were found to be sdenmute Tor anslvsis of up zo H
moles of smise scid. It copld thevefore be peseible with & rangy
gattings of 1 swd with the stvavsator sut betwesn 16 and 1 o detest
- gamples pe swall se 1085 or 1616 moles of amine scid.

B CRUTERIA FOR TEE DETEMMINATICN OF OPTIHIE COWDITIONS FOR 18R
DEPARATIONR OF VOLATILE DERIVATIVES OF &HIS0 A0108

The souditions for zepsratiss cuitlined sbove were omly
schieved sfver 21l of the physicel zonditions nscessary fer an
pplimm gee chromatographic separatics had bees cavefully worked
i le

& review of these physiecsl criteris sud their relefisuship
e the suvocess of the final spalyels ie given. Ones these ?laws®
have bees obaved, Tutuwre amsivsis should yprecesd with relative
BHES s

i, Choice of Uhremstoprashy Colume

Gea-llguid chroswtegravhy coluwme wore packed im ocur lah-
gratery {(ses page i73. The cholce of pschings wes mede on the

basis of the follcowing criteria,



{al

£%.

The Statiensry Phase

The studies of Johusen ot sl (1%6L) on the efficiensy
of different liguid pheses and gn the persentage of liguid
phase leaded en the selid support initially served ez 5 guids
tee the type of liguid phese o be uped. Sisce & stationary
phase stable 2% high teuperstures was necesssty for the
separation of ihe basic sminc scids the cheoice of resine was
rasiyicted.

Some wasking of the poler groups of amine scids was

schieved by foveing the H-T¥: methyl derivatives. Thiz slse

renders the s=iao acide volatile within the limiting tempsr-
giures of the sesins. Thes slenins with o svigiusl welting
temperature of 23790 has @ H-triflucwoacetyl wmethyl deeivative
which melts a2 sbout 130%C. The tempersture at which the
N-TF4 methyl ssters of tyrosize, histidine snd tryptophan wiil
welt is in the resge of 2109C-236°C. Therefore » columm
packing had toe be chosen which was stable st tesperstures shove
Z30%C, yet capsble of rescliving the other emise scids over &
wide temperstere zange.

Carbawver 20 M (@lyﬁﬁ?&y%m glyenl; stable up to 2
temperaturs of 250°%C to 275%C wss satisfactory in thie respect.
The statiomezry phsse should also be liguid at the

opgrating temperature vrange of the colusn snd have a3 low
wiscouily.

| Since the amine acides would be expected to separste om
& basie of differences in polerity, s polar liguid should be

weed. Polyethyleme glycol {Carbowax} is idesi.
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Slmee tyrosine, bistidine and tryptophan were eluted

st tempsraturss betwses 2507C-275%C, the detestor tewper
ature was set at IB0 L.

Tepparature progcamsive wes fonnd to Be 5 most ime

sorkant fsoter in obisiming & goed seperetion of the wodw

aehd deyvivatives. If the tewmpevrsiuge was too low bhe peshs

wegre wery brosd and often uet vesolved, however vhum the
pempergbure wes too high the peshe cewe off the colues Zse
rapidly without sspavetion.

in erder Lo oblaln 2 good sepsration of the west
wisiazile suing aeld deviveiives b wes necessery to inleck
the sasple 3% low lemperstuwes and the pertitiom of theze
aming seide continued st the low Lempsrature for o swlficient
iengeth of tiss. The temserature wss then Incrsssed as
rapidly #s possible to 2 height which permitied the «luticn
of fzss wolatile devivatives,

Flow Rate af Cegrier Gas

An opbizsen flow rate of carrisr gas {nitrogen) had te
be found shich was ssitsble both at high snd low solumn lesperatures.
Gus flow rates vere messured by a scap filwm meter as described on
page g -

Purity of Sas

Hitrogen was found to be puge suvugh for our work.

However it was offen nacessary to reuwve waisy from nitvogew,

kydrogen or 2ir sises water hed sn adverse offect on hoth ths solusms
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Zalstien votwation timse and HEYP swe given in the
following digeussivn, A description of the significance of these
teres iz sgiesn iz the sppendin.

Procedurs for the Identification of Awmisn Acid

wintures of bwows concsatrations of all or-a movtiss
ef the 1% smies acide were converisd to fheir N-triflvorcasetyl
methyl esters snd chromstographed. The relsiive retentions of the
amine acids in the mirture were thea caleulated.

& kmown swousi of cach awine acld was converted e
the desivative indepaundent of other smise acids, The smise poids
derivetive whoes identity was to be deterwined wes thewn mimed wig
the mixture of the davivatives of 311 the aming zcids and ehromsio-
praphed sgeia, If the peak due te the particulsr andne acid had |
ipcressed im size iz comperison to the othey pesks then Zhs
identity of that swiso scld hed been established. However thors
waz g danger that tzo amine scid derivsiives mipght heve the saus
retention times oo fthe columm. & miztuwrs of the 19 asiso acids
lasking only the one porticciay awming a2cid was comveried o the
H-triflusreascetyl meiiyl ester derivative. The asbsence of s pesk
on the chresatogragh then indicated that the peak reprssented onily
sme aming soid.

Whan swinc scids wers identified by apiking® with 2
lerge comcentration of & specific swino scid sometimes exitiple
peaks would veeult. On the deletien of this amine ascid these
moltiple peaks would disagpear, or if they srigiaszlly had the seme
retention times ss other amiso acide in the mizture the peal

heights would be diminished. Thess mulitiple puaks were therefore
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Figure 1.

Figure 2.

LEGENDS TO FIGURES

Chromatographs of a mixture containing 20 mg each of

19 amino acids of which 40 (g were injected into each
colgmn. The top tracing shows the separation on
Carbowax 20 M 20% x 1/4"., The alanine and isoleucine
peaks overlap and the tyrosine, histidine and tryptophan
peaks are not present. The gap in the tracing indicates
a time interval of 20 minutes. The lower left chromato-
graph with Garbowéx 1540 10% x 1/4" shows the separation
of alanine and iscoleucine. The lower right chromato-
graph with Carbowax 20 M 2% x 1/4" shows the separation

of tyrosine, histidine and tryptophan.

The same as Figure 1l except that the amino acid mixture
contained 10 mg of each amino acid of which 20 g were
injected intc each coluﬁno In addition the temperature
has been raised more rapidly for the chromatographs on

Carbowax 1540 (lower left) and on Carbowax 20 M.
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4.

srtributed o contseisente, wostly other zaive seids, in the

standerd enlee asid vether thes wuitipls peske of 2 elngle amice
geid. The devivstive in guestisn wes slse chrometogravhed aloms
and the comtaminsstz fdentified by ‘spiking® with the suspscied

t8. Pure stzaderd smivns scids were ghiaioed

swmine scid coptsmingm
whick veve free of costamination from other smics scids., Yhen
the devivetives of these puve sming geids wov- chrosstesraphed
wuly single peshe seourved oo the vesordisg. Thus the devivetive
of cach of the 1Y smins zoids owerzed ge 2 singls peck on the
chromatogese,

The Relative Betentiouns af fzdno scide op ths Thres
Chrometopreshy Coluwns

“he sspozatien of the 1% swise scids is shows in

Figuras 1 snd I. The zelative vetention values of the amino scids
a8 gach colums velative Lo sapartic seid, is now deseribed.

fay 20° = I¥ 1T Carbowax 10 M eoluem

Im figure L, the cop tracimg shows the sapete
stion on the 20% 2 3% 1Y Csvhewes 30 ¥ colums. The

injection wes made with the column at 80%C. After

26 miauvtes the tompersturs vss prograsmwed o rise
58[minute zo 1859C ond held heve for 30 minutes, « ley
which ths cempeveture wis sgsie srogramsed ke viss
I fmimuze to 230%C, The tempereture was thesm held at
230%C for the vamsinder of the rum.

Cystelne ip eluted 2b 3 low tewpavaturs. VYeliag
and zlsnine plue isclencise (not veseclived) ave eluted at
tempersivres bebwsen 130%C smd 140%C. lLewcize is eluted

st 176%C and glycine, prolise, sspertic scid, threoninme,
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iz eluted st I90OC pad serine st 22090, Arginime,
véroxyproline and lysine sve eluted =t 230%C. 185%¢C
is necessary for the resslution of threenins sand
methicnine vheress the siow rise to 130°C iv necessary
for the perticlening of srglaive and hydrowpprelins.

The vetention timss asad relsiive zTetentlions of
the B-TES smino scid meibyl ssters sve listed in
Teble 20 {a),

The top tracing iz Pigure 2 vapresents an
alitereste soogrsmming somebimes used on the 28° = &7 1L
perbrwsrs 20 ¥ celums. Thie progremmieg is slowey ihasn
the sepsration sbove zad day wsed only whee the oolums
bad uped for some Cime., -o¥ some Teason Lhe fsster
orograwsing ven nol slways reproducible oun an old
colums. Thiz could be o $p 2 drop in liguid: selid
ratie fn the pecking with rapesied use.

The sample was injected with the column at 80°C.
sfter 24 minutes the Zemperaturs wes progremsed o riss
3%/minute to L70%C and then programeed to rise §° fwlmmte
to 1959C. sfter the elution of glutemic scid the tem
perature ws3 programmed io vise 2°/mincte te 240°9C and
held thers for the resmeisdar of the Tua.

The slow linssr prograssing afier 176°%C wes

aeczsssry for the veselsiive of theesnine sad melhisaise,




TABLE 20{h:

RELATIVE KETENTIONG OF H-TFa METHYI. MIRC ACI150 o A 20° = & 1% CARB0WAY 20 v folome

Gas Flow 5 60 wifwinute toforenne ®  Aaperiie dold
Aeletive Hoteutbion
af i e &7 mins.

3

Towperature ¥ 809C (24 min.}: 5%Mmin. vo 170%C; 4@fwin. to Ffwin. o JA0%U,

iR AGTR
4 QO TS 7 N S T

ghution

S R,

. 4 P o Q’I‘ ¥V |2
Tempsyvaturs (67

Symte Loy sy 148
Yaline <L 16
Alaniae .68 L0
Inwlove ing Hb [V
Loucine 7l 172
Glycine .81 175
Prol ioe 87 177
Aspartic Aeid .00 : 187
Threonine 1.58 193 ¥ i, e
Hethionine 1.2} 184 ¥

Slutsmie soid 1o 26 1
Fheoy La laning 1. %G ' it
Beyins 1.44 234
Arginine .21 d
Hydrozypreline 1.86 2
Tlyeing .83 240

Bt T

3o 3

N gy
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RELATIVE 2

TABLE 21(a)

Cag Flow % 80 ml/ inute

Tempervature =

Tycosine
Histidine
Tryptophan

room temperature (5 min.); 270°9C

Ralative Retenbtions

TITONS OF N-TFA METHVI, MO0 ACIDS ON A 2% x %V 1% CARBOWAX 20 M COLUMN

Reference * Asparbic Acid
Belative Roibontion
of L@ 9 min.

erature (7€) Resolution
270
270 ) 1.88
270
270 ) 1.20

TABLE 21(b)

Cas Plow = 30 ml/minute

Temperature -~

AUTHO_ACID
Cysteine

Valine

Alanine f
isoleucine

Leucine

Glycine f
proline

Aspariic Acid

Threonine /£
Methionine

Glutanic Acid #
Phenylalanine

Serine

Arginine f
Hydroxyprolina

Lysine

Tyrosine

Histidine

Tryptophan

yoom tempervature (6 min.); 120°C (16 min.);

Relative Retentilons

43
.57
.61

.65
.78
1.00
1.13
1.18

1.26
1.48

L.52
1.92
2.10
2.44

Reference * Asparitic Acid
Relative Retention
of L @ 23 win.
10%/min. to 260°C

Temperature (°C) Resolution
120
120
120

120
120

150
130

180

220
240

250
260
260
260

2.0

3.4

St o N
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fox

GEe

thege three swino acids.

M

Hote thaet iu Teble 21 (B} the zelative vetention
values for cystelne to gerime are within the vaunge of

those ohisined on the 20% Sarbowax 20 ¥ columm.

0 w ¥ 1% Corbowax

55

i f
L L

£

Fipore L, lower left heed copmsr de ¢ by g
of @ sepazstive on this typs of colusa. This colues iz
uped bo rezolve alsmiase sad izclewcime. Oysteine, vallisa,
leucine, glycine, prolime, sspuvtic, threoniue /7 neth-
fowine {not veenlived}, zlstsmic seid end phenyislenios
are alsc sepsrsted. The imjection is made with the
coluen st room temperaturz and after 14 =minutes the
temperstore is reised $o LI0®0 and held thave will
ipoleecine iz eluted: this tobes suether 14 minufes.
The bempersture s thes zeized to 1709C 2nd held thers
for the remsinder of the run. 7The vetsntion wvalues
sre Listed ln Teble 22 {23.

A slternate propramming is showva in the Iaft

hand cormer of Pigure 2. The ipjectiss s made with




58,

the colven et roon fesperaturs sod after 5 misutes the
temperature iz raised to L20%C, After the elution of

# & viseg

isoleucine the temperature iz progre
5%/ainete to 1709C. The retention velues are listed
in Tabls 22 (b).

slamine and isoleucine asvre vesolwed. The faster
progres geve lower retention tises sad iscreassed the e~
lative retentions i.e. coupressed ths separstion o
valnes oloser to the reference sspartie acid. Howeesye
the resslution of glycing snd peoline is plighily betley

with the zlew prograw.

Zstimstion of E-TP4 Amive Acid Hethyl fGsterz by Gse (Chromutography

The guantizative cetisation of 5774 methyl aswiue seids
is discussed om pege 100, The pesk sress of the wiwrves obtsined
in Plogwres 1 and Z vere calowleted. The pesk svess of the ourves
wers wmessured by meens of mechenicsl integration.

4 Disc istegrator sttachment was used for this purposs.
The integrator opersiss & pen thet moves iwm continuous back and
forth motioms 3% s speed proporticuel to the dispiscewment of the
pen from the buse line. The integrested zres iz proportiemsl te
the nunbher of sivohes made by the pen. The traciag mede by the
integrator pen cen be seen on the bokiom of the recowdimge in

Figures I and Z.
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60,
are often in limited supply or may coatain low concentratioams of
certain amino acids.

Certain of the amino acid derivatives appear to have similar
melting points and vapor pressures. A suitable temperature
programming had to be found that would separate these derivatives
but at the same time would not hinder the resolution of less
volatile amino acids. The aminc acids that were difficult to
separate appeared to fall into four mainm groups. Alanine and
isoleucine had to be resolved at 120°C, threonine, methionine and
glutamic acid are resolved only at 185%C-190°C, arginine, hydroxy-
proline and lyeine are resolved at 230%C-270°C. The resolution
temperatures of the amine acid groups aze dependent upon the
type of liquid phase used and the flow rate of the carrier gas,

3. Apoproach to the Problem

The first consideration was given to the choice of liguid
phase. This bad to fulfill the requirements listed above and
alsc to be stable at the temperatures required for resolutiom
of the least volatile amino acids. Since amino acids vary in
their degree of polarity, a liquid phase should be selected that
would selectively separate the amino acid derivatives on this
basis without unduly retaining any of them. Indeed, it was
possible on the basis of the studies of Johmson et al (1261)
on the suitabiiity of several polyethylene glyceol derivatives to

congiderably narrow the choice of liquid phase.
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Omee o suiteble s2ives gashing wes gheained,
suplrical studies wmere made on the effect of soluss leagth sad
dismeter, of csrrier gss flow vels snd of Llesmperalure progruwmse
ing on the resoiulicam of the sming acid devivatives.

. Zhe following sections give an sccoust of the
appreack used in sepsrating the cudne acid derivatives from the
2arliest atlenpts st seperation to the meihod of sepsration

finglly 2dopted for use.

Lolven Pechinge

{8} Gepazation of dumine Asids o8 s 1% Heopentyl
Glycol Succimsty Column

' 3; i‘z mog«mtyi giyco}. maciaate {%&%} oL f&mmw
aw%@ ”Mi&’ s;% F msh% mﬁg %&g ﬁmet mgm aww. %%%5?
2 &l ii%z; imd ﬁma mwxmd m mgmmmm uﬁ ﬁmﬁgz
&wi‘?ﬁ mﬁm z!ﬁid es:ws ena ¥ x ii&”"’ 1% KFC suceimste
o é%«%@ mk aas wuawis ? mim mzé abﬁﬂm the zm
mw %ﬁ’%ﬂﬁﬁ%& mm &ﬁmwﬁ‘ e@wi@m zmm@& {ﬁ%.‘%} W@mmé'
‘the separation @'f 13 &f 1% N-T72 amizs acid mt&\yi v&wﬁw
‘%’&ti‘?&ﬁ a2 1553 em %*‘ ssamimte wm by tewatﬁw
@ngmmg, ; s i : E—

;%mg ﬂmwmmfw were w#fwwa with the &?;

‘succinate on coluss varying in 1608tk from 2 feet and

5 fest to 10 feet and 20 Fest. Varicus carrier gas flews
and temperatuve programs were tried. Tsble 23 represents
‘the retsation dats from 4 5' x i and & 10° x B 1% 4G
columas, %aaamw%:i% om the 5% % ¥ 1% 4PG columm was

carried sut with the columa temzazﬁéj at 60°C for the
i&j&éiﬁi&z& ‘of the esters. After 12 misutes the temperatrs

wap progremusd to vize 2¥/mivute fo 250%C,
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The amino acids on the 10° x X" 1% NPG column
were injected with the column temperature at 30°C and
the temperature programmed to rise 3%°/minute to 2560°C.

Under none of the conditions employed could a
satisfactory separation be obtained. On the 53' column
isoleucine and léucine, glycine and proline, glutamic
acid and phenylalanine were not resolved. An increase
in column length did not improve the resolution of these
~ smino acida. In fact in some cases with the temperature
| program adopted the relative positions of some of the
amino acids changed. On the 10° colum isoleucine came
off with valine instead of with leucine.

Altering the conditions of gas flow, column
length or temperature were found to change the relative
order of elution of smino acid derivatives even on the
same columun. Depending on the conditione adopted slsnine
Sn& valine, valine and isoleucine, glycine and proline,
isoleucine and leucine changed their retention times and
could not be resolved. This made it difficult to identify
the peaks due to the amino acids and to obtain optisum
conditions for separation.

The peaks were frequently wide and considevable
tailing occurred. The tailing became more marked as the
column length was increased. The column efficiency,
expressed as HETP ie given for slanine, methionine and
hydroxyproline-lysine. 7The lower the HETP the more

efficient the columm. But as the column length was




TABLE 24 .
SEPARATION OF B-TFA METHYL AMINO ACIDS OF 8' =z ¥ 1L CARBOWAX 1540 COLUMNS

Column 1% _ Column 2%

Gas Flov = 30 ml/misute |
Reference < Aspartic Acid Reference = Aspartic Acid
' Relative Retention Relative Retention
ef 1 @ 74 min. ' of 1 & 76 wmin.
AMINO ACID Relative Retention Temp.(PC) Res'n HETP Relative Retention ZTemp.(®C) Res'am HETP v
; kS
Cysteine .13 0 .06 80 =
Valine .32 -. 100 0.0 .32 95 .10 E
Isolevcine 42 R & 1 3 .42 105 y °*
Leucine .55 115 .55 113
Glycine .58 120 67 120
Proline .73 , 12 .73 125
Aspartic Acid 1.00 145 ‘ 1,00 142 008
Threonine - L2 . %6 ) o 1.20 155 ) 0
Methionine 1.20 . 140 ) ' 1.20 155 ?
Glutamic Acid 1.2¢ 180 1.25 160
Phenylslanine ‘ 1.28 160 1.29 185
Serine . = neo- ‘ ‘ 1.4 175
Hydroxyproline - B 1.97. 200 > g8

Azginine --e- I W )

% Yor Tempersture Pregrams see ?agés 64,
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incrcased the RETP increased, which is contrary to the
expected on increasing the length. Changes in gas flow
or temperature programming had little effect on the

resolution, the HETP or om the tailing.

{b) BSeparation of Awmino Acid Esters on & 1% Carbowax
: 1540 Column

After having had little success with the 1% NPG

succinate calmg,. 1% Carbowax 1540 on diatoport S
(80-100 Mesh) waa tried. Johnson et a1l (1961) had re~

ported the separation of N-Acetyl amyl eaters of 15 common
amino acids (except tryptophan, histidine and srginine)
with the combined use of an 8' 1% Carbowax 1540 and a

2' 0.5% Carbowax 1540 columm.

Since MN-TFA wethyl esters should be even more
volatile than H-acetyl amyl esters attempts were made at'
seperating the esters with 17 Cerbowax 1540 resin,

Numerous geés flow rstes and temperature programs
were tried on the Carbowax 1540 columms. This sectiom
describes the steps in the development of smratim in

texms of column length, gas flow and temperature programm-

ing. Table 24 gives the retemtion data for 8' x k" 1%
Carbowax columms.
The first columns tried wers 8' x §" 1% Carbewax

1540 .on diatoport S (86-'169 ubh). similar to the #clm
employed by Johnson. After s few attempts at separation
it was apparent that threonine and methionine would be

éifficult to separste. Slow gas flows (30 ml/mfa.) and

a slow rate of programming were used. There was unfort~
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unately a limitation on the moxivum temperature at which
the amino acid derivatives could be sepsrated since Car-
bowax 1540 is only stable up to & temperasture of
1509C-170°C. The separ&#ien was therefore limited to the

derivatives of cysteine, valine alanine, feoleucine,
leucine, glycine, proline, aspartic, threonine / methionine,
glutsmic and phenylalanine §n that order. All of the smino
acids were vesolved with the exnopt!.’ou-eﬁ threonine and :

methionine. A vepresentative 8' 1% Cerbowax 1540 separation
can be seen in Table 24, o

The derivatives were injected with the columm
‘temperature at 70°C and then programmed 19/minute to a
waximum of 1609C and he!& at this temperature for the |
rmtﬁder of the run.

Phanylalanine was the last amino acid to be sluted
at 160°C after 95 minutes. Cysteine came off quickly and
was often caught up in the selvent front. In an attempt
te glute wore amino acids from the columm the prograveing
wag extendad to 2000C (column 2 of Table 24) and at this

temperature hydroxyproline and arginine were recovered.
Thers was however severe blgeding of the column and the

pesks above 1759C were very wide., The resolution for

‘alanine and igoleucine was very good, the two amino acids
that gave difficulty on the Cavbowax 20 M resin.

In an attempt to separate threonine and meth jonine
and to elute cysteine at higher temperaturesthe columa
length was increased to 10" x ¥'. This column ismproved the
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BECARATION OF N-0PA METHYL RGN0 ACIDS 08 10w BT LR CAnnOuaY 1540 G

Lo by 1% , _ Culumm H
Gas Viow * 38 wifmin. Gas Flew = 50 mlfwis.
Rafarenge ¥ dapawbic Scid Zefervance ¥  Aspertis Acld

Zel. Ret’n 1 @ 7§ min. kei, Zetis 1 @ 8% miv.

AMING AGTH Belative Beteution Tewp. (%) Res'n HETP Relative Reteatfon Temp. (PCY Res’n BEYP
Synte Lon T M - A8 i '
¥yline - 36 1495 ol 116 ~011
Alaniae 3 W} 4 e .63 [y 1.66
tsoleucing 42 120 ) o4 135
Leweine 355 o i 138
#lyciae - B <82 145
Proling - 78 - 85 150

T o

Aspariie acid 1.00 Laiid 150 LB075

Thowon ing .18 a foid ES I .
Hethionies E.i8 L.12 we ) ’

Zlutomis dois .28
 Fhenvilaloniae .3
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2t. Betm L &5 et .
AMING ACED Relative Betention To
Cyste ine 43
Yaline LGB
Alanine N
izolauaing s i 8
Lamae fae » T8
Hlycine o B8
Froline B8
4epartic Acid i.00
Throonine .12
Methionine 1.12
Glutamic Acid 1.17
Fheny lalanine L.20
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cyeteine pesolution bul theve wes so separation of thre-
onine and methionine,  Since the resslution of these saiso
anids is equsl to ‘mevo, Puriher sttempts st separstion

sed, T Bork with the colums wss - thes limited teo

were asband
improving the sepsrstion of slazine snd isvlsucine, in

the sheriest soesible time. Az can lster be ssen, alenise
snd lzoleucine sre very $ifficult te zessive on s Carbowsn
20 ¥ eolume and it s tharefors wmove cemvenient o sepsvats
thew on & 1% Carbowsx 1540 celusm.’

- fhe wetention data from ezperimsnte simed sk de
proviang the separation are listed in Tsble 15, Programs-
ing similar to that used on san &' coluew wes tried. The
amine scid devivatives ware injected st 759C snd the
temperatere programmed to rise 1%fminste te 1669C, whers
it wes held for the remeinder of the vuni  The cavrier

gus Flow wes 30 slfwisute.  Little ism ek wes pede

i the resolution of cyeteins whick still bed a wevy low
relative retestion.  The vesclution of sisnine sud ise-
leucine wes lower thea oun the 8% columm (1.66 a2 come
pared o 2.50),

The smimo acid devivstives were thes injscted with

the colusm ot room tempereturs snd the temperasture held

for & wisstes to allow partiticning of the ssters.  The

svoturs wes propvammed $o rise P/misute to 176%C

wherce it was held for the remesinder of the ruwn.  The cerrisy

gos fiow was incressed o S0 slfeisvse. The velstive
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retention of cysteine had doubled from 0.16 to 0.38 and
was completely separated from the inttial solvent pesk.
The total analysis tiow was 97 uiinutes.

A similar program was used (columa 3) but the
tempersture vas raised to 170°%¢ at 3%/ ninute. The

relative retention of cysteins had increased to 0.43 and.

the analysis time was only 78 minutes. The resolution
of slanine and fsoleucine had decreased from 1.66 to
1.24 but was not critical since the columm effictency
" hed increased from a HETP of .025 to .006 cm.

It was observed that the beast resolution of
alanine and isoleucine was at a tempevratum of 120°C.
‘maréfbra & method of programming was devised in which

the derivatives were injected with the column at room

temperature and after 8 minutes the temparature was in-

- ¢xessed to 120°C end held there until isoleucine came
off, then the temperature was either prograswed st
5¢/minute to 170°C or increased isothermally to 170°C.

| The relative retention of cysteine wes not affected M
the resolution of alanine and isoleucine was etill 1.24
and the colum efficiency (HETP) was decreased slightly
to 0.020 cm. The most favorable factor was the analysis

time vhich was only 58 minutes. Since this appeared to

be the shortest lnai;rsis time for good separation on
this column, this program was the one that was finally
adopted.

RIS
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A 20" x ¥ 1% Carbowax 1540 column was also
tried but Jdid not separate threomnine and methioning.
Although the resolution of alanine ond isoleucine was
improved the analysis time was over 100 minutes. 4n
increase in the rate of rise of temperature or in the
rate of gas flow were not shown to improve the upara:ﬁo_a
on the 10' x ¥* column, v

Separation of the Amino Acid Derivatives
on a 1% Carbowax 20 ¥ Columm

Carbowax (polysthylene ‘1,@1)' was shown to be
an effective liquid m' in the uyantimto! anino
acids. The awmino acids were cleanly separated with no
teiling and the main advantage was that the relative
retentions for each amino acid remained comstant uader
all experimental conditions.

Since Carbowax 1540 has only a maximum temper~
ature stability of 1509C-170°C 1t is limited in use.

It was therefore decided to obtain & Carbowax phase

suﬁh at higher temperatures. Carbowax 20 M, stable
up to/ iaupoutwc of 2759C was found suitable.

1% Garbovax 20 K on distoport § (80-100 mesh),
from tht very beginning was shown to be an effective
resin. A concerted effort was made with Carbowsx 20 M
to find conditions for the best peaéibic separation of
the anino acid derivatives., The next section will
discuss experiments with 1% Carbowax 20 M colusms under
the subsheadings of columa length, columm width, tempar~
ature prograsming, carrier gas flow rate and ratio of
iiquid phase to solid support. The experimental

T



TABLE &
BY m &% 1% Cavbowoex 20 M Colusm (Qus Piew 2 50 wl/wdn.)

- COonUMN 1% COLUME 2% SOLAN 3% SOLUMY &% S
 Aspartic® .00 G O30 min. Asps 1,00 @ 4% min. Asp® 1.00 ¢ 46 min, Aspe L.O0 @ 63 min.  Aspr L.O0 @ 27 min.

AMING Rel.,  (o0) Rel.  (0C) Rel. {(%C) Rei. () Rek. (PG}

ACER  Ret'n Tewp wes'n Ret'm Temp Res'm  Ret'nm Temp Res's  Ret’n Temp Res'n . Retls Tewp  Res'n
Geek .38 140 6 B0 15 90 B 90 B L3

¥al 6 140 48 90 .35 90 Ak 130 A5 120

sis 68 140 Jg 62 130 ), 32 1200 ¢ 60 150 ) ¢ 48 130 Y o
fiew .68 160 ) 62 120 ) 32 120 ) 46 150 ) A8 130 )

Lewe .72 140 e 140 61 144 J6 120 £L 140

gy 82 140 .86 165 78 150 864 18O 73 160

Pro 88 140 .81 170 .53 180 .68 180 .83 170

Asp  L.OG 190 1.00 200 1.08 180 LG 260 1.00 185

Thre £.06 220 ) g g6 1.87 200) ; 4 116 180 ) 112 180y, 1,25 190 } .
Meth L1z 225 3 o0 110 2003 23 e aee) M® 0 1l 1m0 ) 125 195 A
glee .13 230 ) %P 112 200 Y 1w im0 1,18 180 3 ** 1,28 210 ) P84
e  1.13 240 1.12 200 1.20 190 1.23 180 1,36 220

Ser 1.1 250 1.12 200 1.26 195 1.32 188 1.3 240

arg L8 270 ) o o 147 260 ) 534 1.5 266 ) 4 g 165 260 ) y g 1.92 250 ¥ 2.00
syp  1.2% 0 270 ) g‘éﬁ 1.68 265 3 .56 283 ) 1.68 260 ) 7 .00 60 )

Lye  L.3B 270 3 UUY .52 270 1.58 290 .76 246 2,18 200

Tyr  L.56 270 1.86 270 1.83 270 2,08 270 2.3 200

HiBE  sew- 270 2,18 270 1.96 270 2.25 270 coew 470

Trypt 1.96 270 2.34 2.13 270 342 20 3.30 270

* For Tewperature Programs See Pages V0 7 fhe
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svidence presented imcludes ouly the highliphts of meny
srperiments vhich sre described in chronoloegical ovdese,

i. Sepazation of smino icid Dsxivetives ou a
&' = & 1 Carbowas 20 ¥ Columas

im 8' m ¥ 1% Cavbowss 20 ¥ colven was chosen
srbitrsrily becsuse am 8° 2 ¥" 1% Carbowsx 1348
ol bad been succensial.

Prom the first few szperiments it becawms cbvious
that thes resolutivsn of glanine-isclevcine, avgianine-
hydrogyproline snd threcmiag-methionine would be

diffienit. The proper Leupmereluve hed &o be found

fow resolving these splue scides and a2t the same Ciewm

o stteupt Wwas mede £o 2epsrete 1l 1% amlno seids oo

the ons oolvas. Tomperstum prograsming becams 2
srivical fackur lo resching thege sbisetives.

Initially the carvier gas [low was kept censtant
8t 50 wifminvte in &1l the progrems. These experimenis
s¥e descyided beiow and the relentiom data listed ia
Table 26,

in the first ven the amimo scide were injeched
with the coluem 2t room Lfempersiure. 4fter 24 mine
utes the temperatoers was raised to 140°C fsotheramslly
until proline was sluted snd the tesperature theun
programe=d to vise 7.53%faiu to 2709C. The leng delay
Bl ToeD Lenpsrsturd Was megessary to elute the solvesnt
from the colusm, Alenine axd iscleuvcine were mol re-

seived at 14090, threonisms-methionine-glutemic zcid
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weve poorly resolwed st 220%C and the zesclution of
srpinine-hydronyproline wes posy ot IFOPC. Tyrssine
sud teyptophan wers eluted but histidine did not
come off the celugm. The snslysis time was 100 min-
utes.

" In the second yun the rate of vize of temper-
aturs wee veduced, After the ssters weve injected
at voom tempevature the oven tewperstuze was lmewd-
istely ridised to 909C gnd held there for 10 minutes
watdl th: solvent was eluted. The tempersture was
programmed to rise 5%/pimute to 200°C snd held there
until phenylslanine was eluted then programmsd to
rise st 3%/minste to 270°C. The retentiecn times were
shorter and cysteine sppesred sfter 18 minutes as
part of the solvent pesk. Alanine snd isoleucing
were pot rescived st 12000 {the sswme Lempirature &b

wax 1566 column .,

whhich they were viiolved on the Corb
The sepsration of threonine snd seothionise was fe-
proved st 2609C (resolution of 1.%2) while methionine
and giuvtseic showed batter sepmfiﬁ}*ﬁewhtm wE
2.00). *yrosine, histidine and tryptophss were eluted
at 270°C, but due to the lomg retention times permitt-
ing copsidereble lonmgitudimal diffusion their pesks
were wide, Histidine appsored to be partly rvetained

on the column aince ite pesk was such lows
fore, attemusting 2t only = 40 instead of the expected

= 160 for that particular concentrstionm.
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In the next run a slower temperature program
was adopted. The amino acid derivatives were ia-
jected with the columm at 30°C and after 20 minutes
the temperature waz programmsed to rise 3%/minute to
190°C and held there until phenlalanine was eluted,
after which the temperature was programmed te rise
5%/minute to 2709C. C{ysteine was eluted too quickly
(7 minutes), alanine and isoleucine were not resolved

at 120°C. Threonine anéd msth ionine gave resolution
of 1.00 at 200°C and the separation of arginine-
bydroxyproline was improved at 260°C. The tyrosine,
histidine and tryptophan peaks were too wide because
of their long reiention times.

Injection of the sample at 90°C gave sharper
peaks, but cysteine was eluted too quickly on an
8 colum, The temperatures were lowered to 1809C
for threonine and methionine and to 240°C for
arginine and hydroxyproline. The esters were imjected
at 90°C and after 20 minutes the temperature was again
progroomed to rise 59/minute to 2409C. After lysine
was eluted the temperaturs was raised isothermally to
2709C. (columm 4).

Alanine and isleucine were not resolvad., Thre-
onine were partially resolved at 180°C while 2400C
improved the resolution of arginine-hydroxyproline.
All amino acids were eluted with an analysis time
of 104 minutes,
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An sttewppt wee wede te sharvpen v the pesks piviag
better rescintions by vaizimg the Lemperaiure wore
repidiy. {zolmsm % of Teble 24),

The amine zcid derivatives were injected st 120%
zad after & minutes the tewmparature wap prograssmed
to rise 5% /minnce to 220%C then raised issthermslly

to 270°C. This pregram wes toe fast. Threonine
| and methionine, although resclived previcusiy at
18590, were not reselved in this run. Arginine, and
hydroxyproline were resolved at 2509, Histidine
wBg vot elutéd.

From thess superiments it was deduced that an
- tnitial temperatuve of 86 - $0°C with s delay e
allow for elution of the selvent and for partiticning
of the amine scide at & low tempervature was apparently
necessary fov mezimms reselution. aslanine end
iscleucine couid enly be resslved by incrsasing
the efficiency of the columm by increased columm
length.

Manimwm regolutions of 1.20 for thresnine-
methionine at 180-190°% and 2.00 for arginime-hydroxye
proline at 245°C were obtzined and could mot be improved
with this column length. Is srder to imgrove the
suselutions the colusn length was increased.

Similar results were obtained on 2 10 x 1/6% 1%

farbowax 20 ¥ coluen,
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Separation of Amimc Acid Derivativez on 5
12“ x5 11 ﬂ@%%ﬁﬁﬁﬁ 28 W Qﬁiam& _

%y ms:z*&asmg &?zez m‘mm 1@&3&&, a&teww ware
&é;ai made Lo @ﬁ?ﬁfatﬁ &11 tae émiﬁﬁ asi&s on & )
;&mg@m wiﬁmn

”%a «%ﬁﬁ;‘&é} &siﬂﬁ %m i;:agw&ezé ﬁt xm wmg%&s-

ature and ter @ ﬁimt% t&a A mmtm‘e was xai@éﬁ

ka %‘@‘3 ¢ ma th mwﬁ;&%y g-ss:é keld for snother 12 mimites.

| ?ﬁg &&my&m*ﬁre wgs then programmed to rise 5%/minute

{see Takle 27}

??«M ﬁf;@;& fﬁ.m% ti&m alﬁﬁﬁﬁ_g wnd _.gg{@iﬁ’@@,mg showed
signe of h@té}ﬁiﬁg s@wsseé. A 15@“3 ‘there wag 2
a;ﬁéz: a@ﬁmgﬁ aimmw &mﬁ is@i@uam@ %aité& 2 mwinti@a
wi‘ 63 %;e@, ‘. Tals WA wmmmgg Eﬁawwr tﬁm m@&mti@m

g'? t&f&@ina amﬁ mzhﬁmﬁm was very poot at 2&9‘%

) mﬁ wrgﬁ&i%»myﬁmﬁyw@%m mwiu“zi&a was yam” at

m&& Ce Fﬁwﬁm fm aii tim awim &@Zidﬁ were ﬁsﬁsmm@d,
éyime the th‘ffecnine gnﬁ Wﬁii@ﬁlnﬁ g@&ks wers widay
g.%mg #ffﬁ’@ ma_g‘; é“ e%m ia Was ;&wgﬁgt :&wt __h.ﬁgﬂaae_g;_
t;emgmmmmg Mgﬁ%ﬁ :m@ww tm mmiu&im E&y sﬁﬁwww
ing the:z g:ea%zs _ _ 7 _

*”"’%w amm@ eze;isﬁa were im;;mm& at %@8 ﬁﬂ@ @fﬂ;w
5 misutes che tengerature programed to rise 7.3%/ata-
uts Lo 629‘;}&» éit@r m eiuﬁ‘.i&m éf }.ysiée the mm-
gf&mmm Wi mwmﬁ mm?ﬁ@xm?iy m E?ﬁ“& _.f{ﬁﬁﬁ‘:”
m’iﬂ@ ,ﬁi}

Llanioe and iscleucinme wezre still split et 1749
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but not resolvéd. Threonine and wethionine were not
resolved at 220°C even with the sharper peaks., How-
ever separation of arginine and hydroxyproline was:

improved at 220°C, This indicated that threonine

and wmethionine were only resolved at 180-190°C and
this resolution was not dependent on the sharpness of
the peaks. The derivative of all of the amino acids
were eluted but the pesks due to histidine was still
low indicating retention on the column.
P ,

 Prom chromatography on the 8 and 12 foot 1%

Carbowax 20 M columns seversl {mportant observations
were made. For resolution of alanine-iscleucine &
very long column would be required to give an 1nereéu
in the number of theovetical plates for the parti-
tioning of these amino acida. The temperature of
elution of these amino acids is batween 140-160°C.
Resolution of threonine and wethionine requires |

temperstures betwean 180-190%C. On the 8' columns _

only resolutions of 1.20 were achieved. Therefore -

in order to obtain ideal resolutions of 2.0 or more
an increased column length would be required. AR
temperatures of 230-240°C arginine and hydroxyproline

gave resolutions of 1,50-2.00. Increase in column
length should also improve the separation of these

amino acids.
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1f idesl conditions for the sbove amino acids

were adhered to it became apparent that sepavation of

~ all 19 amino acids on a single column would be im-

possible since these condit {fons would require in-
creased retention times resulting in diffusion of the
less volatile tyrosine, histidis» and tryptophan

derivatives. Therefore attempts to separate these

“andno acids on a single coluun were abandoned and

work was concentrated on obtaining a good separation
of the first 16 amino acids on one columm,

Separation of Amino Acid Derivatives on a
20' x k" 1% Carbowax 20 M Column

Once a 20' x %" 1% Carbowax 20 M colum was
shown to give a separation of most of the amino acids

the majority of our chromstographic work was dom on

 this column,

When the length of the column was doubled, it

was necessary with the ssme temperature program to

‘increase considerably the carrier gas flow (from

40 ml/minute to 80 ml/minute) so that the acids would

pass through the column within the same temperature

‘ range. Moreover since the number of theoretical

plates had doubled, twice the gas flow rate is needed
to obtain the required a!t:leieﬁcy with sharp péaks and
very little diffusion. All of the experiments with
this column were caryied out with a gas flow of

80 ml/minute.
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In the suceeeding experiments much time was
spent in finding the best temperature program to
obtain complete resolution of alanine and isocleucine,

threonine and methionine and arginine and hydroxy-

proline. It was assumed that the separation of
tyrosine, histidine and tryptophan would be best
achieved with shorter columns.

From the experiments discussed previously it

seemed cléar that in order to obtain ccmpiete re-

solution of the foregoing pair of amino acid deri-
vatives the tempevature programming would have to be
arranged to elute alanine and isoleucine at 140-150°¢C,
threonine and methionine at 180-190°C and axginine and
hydroxyproline at 230-240°C.

(1) Continucus Temperature Programming

In these experiments a continuous rise in
temperature was used from the injection tem-
perature to the fimal column temperature. It

was found that the amine acid derivatives head

to be injected with the columm temperature abave

ambient.
A column temperature for injection was

found which would permit partition of the amineo

acid derivatives without eluting those of low
volatilicy.
These experiments established the necessity

~ for partitioning the amino acids at a low tem-
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perzturs for 2 detgrmined peviod of time. ..

In colums I of Toble 28 are shown the re-
selte of an experisent dn which the swino acis
derivetives wsre injssted with the culoen 6t -

| E07C and the tespereture lssedistely pregresusd
b oripe 2% /pinste ke 250%C. . Vith this. progy s

ing thresnine sad wethionine were sluted st 216%¢

with g resolution of 1.30 and srainise-bydrowy-
seoling weve siuted. st 250%C but weve pouvly
rzevived.  1gzse tosporebures were in fz0f Seo
high for ressletion. Alsuise and issleucine were
not pesoived 28.335%. . o

iz fhe ezperviscst shown in colvem 2 of
Table &5 the tespevsture wes held at 8090 fov
4% winutes after imjeeting to ses if the swiss
solde ware pavtitioued at the imitial temperaturve.

afper 24 minvies the tempersiure was prageamssd

to rise --ﬁfﬁlm}lxsﬁéﬁ’;m to Z40%C.. ..

Threonine sad methionine were spepavated at
LEOPC with 5 resolution of 2.16 while srzinise
snd hydvoxyproling sere fesolved st 250°C with
% sesclution of 1.88. Alazine ssnd bolzucine were
not reselved 20 180%¢.  The dncrsased vesolubions

wars dus to eithey the lowsr ¢lutiom teaperaiurss

oz the leng delay 8% the imitisl tewmperature fov

pariitioning of the emive sedds. - 0 0
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The effects of partitioning at a ﬁisher
initial temperature (70°C) were then tried.
In the experiment shown in columm 3 the deri-
vatives were injected at 70°C and the temper-
‘ature immediately programmed to rise 3%/minute
to 150°C until tsoleucine was eluted and it was
then programmed at 2°/minute to 240°C. A fair
‘separation of threonine and methionine was

abtained at 1959C with a resolution of 1.50.

However arginine and hydroxyproline were poorly
separated at 24390, a temperature that usually
gave a very good resolution. This .poor resol~
ution could be due to the fact that the esters
were not partitioned st the initial colums
temperature.

In the experiment shown in columm 4 the
aminoe ecid derivatives ware again injected at
70°C and the tempersture maintained for 16 min-

. utes., The temperature was then increased iso-

thermally to 120°C end then programmed to rise
20/minute to 240°C. The separation of threonine
and methionine was improved at 2109C but the

temperasture was still too high for their complete

resolution. A very good resolution was obtained
for arginine and hydroxyproline at 2400C. This
resolution therefore must have been due to the
partitioning of the derivatives at the initial

column temperature.
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Feble 2% gives the retention valuss for

the c&:mmgrag%zig gaparﬁgi@g_js deseribed be-

low for discomtinucus temperature PYesromm:
g o= - ot s

e B TR ARy e perTormnd with
#Wm ges flow of 80 ml/min.

The chromstographic sepavation shows im
ing at 809C. After s pertiticn periec of
10 minutes the temperature was programed to
rise 4%/minute to I850C and held at this
temperature .m;;ﬁ:iﬁg;gmmi: ~acid was eluted.
The tempersturs was thew programmed te vise
P/utnte to 235%,

4 fair sepasration was cbtainmed for thre-
onine and wels lonine at 185°C while the se-
parstiom of arginise and hydromyprolise wes
very good at 235%C. Alamine eud iseleucing
were not separated sc 165°C.

The mein problem with the shove program
was that the pesks were wide. A similar pro-
g};am@g&gs:t:ie& with 8 lomger @ar:itia@i;aggi ad
and 2 faster temperature rise to 193¢,
{Column 2 of ¥able 29) The amino acids.
derivatives were imjected zt&ﬁgc aﬁé .zftey

16 misutes the tempevature was programsed

e

rise a&ﬁﬁ}?mﬂfm go 193%C, held thers until
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phenylalanine was eluted and then programssd
at 3°/minute to 245°C.

The retention times wers shorter. Thre-
onine and methionine were separated at 195°C
with a resolution of 2.50. Arginine and
hydroxyproline wave alao well separated at
245°C. The analysis time was 96 winutes.

~ However there was no sign of even aplit be-
ﬁam alanine and fsoleucine at 160°C. Since
even & split would be helpful iar the quali~ |
tative identification of these amino scids in
a protein of unknown composition it was decid-
ed to attempt to obtain this by further modi-
fying temperature Wmm

In the fivst attempt at splitting slenine
and isoleucine (column 3 of Teble 29 (a)) ic
was decided to delay temperature progrsmmiag
at either 150°C or 160°C to prevent the overe

~ lapping of alanins snd fsoleucine onm elution.
The amino acids were. injected at 809C. After
18 minutes the tewperature was programmed to
rise 5%/minute to 1609C and the prograwming
ast for a rvise of ¥%/minute to 190°C or until

methionine was eluted. The tempersture was
then programsed to rise 2°laiuut§ to 2409C.
Alanine and Mi&ﬁui were nowsplit et
160°C with a resolution of only 1.00, This
split seemed to be due to either the d:!.;y is.
temperatura rise or the slow rise in temper~
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ature the threonine and msthienine peaks were
wider giviag ¢ lowsr resclutics of enly 1.66.
The zeparation of srginine sud hydroxyproline
was pooer at 2409C dus to some diffusion on
the colummn.

© o3t wes oheerved thst pood zspeyatiops ef
srginine and hydvexypreline were shisined 1£
the prograsming sfter rvesching 180-195%C was
delaved unkil phenylslanine was eluted.  This
fndicated that avother pertitioming cccurved
at these tempursturss, -

oo The nexb program (oolaen 4} wae similer
‘except that the initisl tempersture and parti-
tiom time were incrssved to see if this would
dmprove the sepsration of threonins-sethionine
sud arginine-hydresyprelisne while st the seme
rime tyvimg oo vbtainm a better spiit pf alanine
aud izoleveine et 1P09C.

sl The swine scid deviverives weve dujscted
with the column tesperaturs st 90°C. Parti-
tioning was allowed o procsed for 22 minutes
and then the temperature programeed Lo Tise
7.5%/minute to 170°C and then progravssed

59 /atante to 18590 aad lmwedistely propramesd
at 2%/minuve te L409C.

Slanivg swd fsplewcive vwere spiiv at .

170°¢ with & reselution of 1.50. Threonine-
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methionine resolution had dropped to 1.350.

It became apparent that although the slow
temperature rise was satisfactery for these
dmino acides it was necessary to maintain a
steady temperature at 180-190°C resultimg in
a steadler base line and less overlapping of
the peake. Arginine and hydroxyproline were
better separated at 2409C but they still re-
quired a temperature delay at 1859C for parti-
tioning.

In the experiments shown in cclumm 5 the
amine acid derivatives were chromstographed
with & long partition period, the temperature
was held st 18390 to separate threonine-
wmethionine cleanly and te partition avginime
and hydrowyproline.

The Injection temperaturs was 80°¢ amd
after a 16 minute delay the temperature was
programmed to rise 5%/minute to 170%C and
then programmed at 4%/minute to 195°C where
it was held until glutamic acid was eluted.
The temperature was then programmed to rise
2%/minvte to 240%¢,

Alanine and iscleucine were split at 170%
and threonine and methionine were separsted
with & resolution of 1.76 at 1959C. Argimine
and hydromyproline were separated at 240°C

although not as well as was sxzpected.
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In the ezperiment shown in columm €, after
a pertiticn periecd, continuous tempersture
programaing to 185°C with a longer delay at
this temperature was tried. The smimc acid
derivatives were imjected with the celuma tem-
perature of 80°C and after a 20 minute delay
the temperature was programmed to rise 5°/min.
to 185°C and held there until glutamic zeid
was eluted, The temperature was then programm-
ed at 2°/minute to 230°C.

Alenine and isolevcine were split at 140°C.
The delay at 185 ¢ improved the separation of
threonine and msthionine and greatly improved
the separation of avginine and hydronyproline,

Chromatography with other types of preograzs
failed to improve the separations. Therefore
the procedure of the latter two experimemts
(columns 5 and & of Table 29 (b) Figures 1 and 2
page g4  served gs the basis for the procedure
fivally adopted.

The aversge suslyeils time om thisz columm
was 2 hours.

Conclusion

All of the amine scid N-triflucroascetyl
methyl esters reguire s partition periocd after
injection cnto the columm at temperstures be-
low that of the most volatile aminc scids,

frginine, hydroxyproline snd lysinc vequire 2
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further partitioning at 180°-1909C for maxi-
mum resolutiocn.

Alanine andé isoleucine cam be split at
temperatures between 140°C-170°C if the
temperature is allowed to rise very slowly
over this temperature range. Threonine and
methionine are best resolved betweea
180-190°C, with a steady column temperature.

With Carbowax 20 M as the liquid phase
under constant conditions of column length
and gas flow and when the elution temper-
atures for each amino acid derivatives is
within the required range for elution, the
relative retention values for the amine
acids are comsistent over all progra=a con-
ditions deviating omnly by # 0.05 from the
mean relative retemtion value. The
relative reteation values are therefore a
specific characteristic of each amino acid

derivative on the columm.
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The Zffects of Carrier Gae Flovw on the Separstion pf Amipo Acid
B ""z‘xﬂn@mmmgi Hathyl Em@m an & 20° 2 ¥ 1% Cavbowas
. 20 ¥ Colams

With z tewperature progrsw similsr ¢o that smplpyed
on the 20' = ¥ 11 Cerbowax 20 H celusm with a cerrier gas flow
of 80 wl/winute, s siudy wes wmade of the effects of changes im.
the rste of cerrier ges flow on the separative of amine acid
czrivatives.

Chroumstography wes carried out af & very low ges
tlow of 10 mi/eimute, The amino seid derivetives weve injecked .
with the colusn tempereiure at %?ﬁﬁ;“ sud afier . 28 winute delay
the temperatere Was imvessed te 128%C snd programmed to vise
5°/minuze to 250%C. Ths retention values sre listed in colusm 1
of Fable 30, . ...

~ihe I8 mirute delesy affer injeclion wep RECESZETY
for complete eistion of the solvent with this low gas flow.
Adlepine and isoleucine were split st ;iﬁﬁ;_ﬁ? o Threonmine and .
methicuing were sepsvaied at Z08%C snd srginine and hydromy-
proiine at 2435%C,.

The low gas flow did avt affect the efficiency of
the selumn. The peaks were =2iill sherp with ne diffvaion being
roticeable,  The aualysis tiwe wae 3% bours instead of 2 hours
for 2 flow rate of 52 ml/minute.

Chrowmategraphy was thewn carvied out st & gas flow
rate of &40 wi/misste. The swinc ecid derivatives were imjected
sk $0°C and after 2 28 miouts delay the lempersturs wWas progyamm-

ed to rise 5%/minute to 195°C were i was held mmtil glutsmic
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scid was eluted and then programmed to rise 2%°/minute to 240°C.
{(Column 2.)
The solvent was slow fn cluting off of the columm

at this gas flow. Alanine and isoleucine were split at 180°C

but there was no improvement in their vesolution. At 195°C the
- resolution of threonine and methionine was pcct {1.24).
Avginine and hydroxyproline were poorly resolved at 2409C.

The decreased cnrri&r gas flow raste did nmot affect

the analysis time, which was still 2 hours. The poor resolutions

were due to diffusion reaizltins in broader peaks,

The same carrier gas flow (40 ml/winute) was tried
sgain, this time programsing the temperatura at ¥°/minute from
170°C. The injection :enger‘at:'are was 90°C and after 2 minutes
the teuluperature was prograsmed to rise 5%/minute to 170°C and
then programmed at 4°/winute to 195% until phenylalanine was
eluted. The temperature was then programmed at 2°/minute to

| 240, (Column 3).
Alsnine and isoleucine ware split at 170°¢ but

still were not as well separated as would be expected. The

resolution of threonine and methionine was poar'at 190°¢.
Arginine and hydroxyproline were better rasolved at 240°C but

their peaks were very broad.

‘ ;céneluum

The low carrier gas flow yates gave unduly broad

amino gcid peaks. The better resolutions and sharper peaks at




AR SRR

87.

a flow rate of 10 nl/minute is attributed to the increased
elution temperatures. Thus to attain the ssame resolution at
a8 low gas flow rate higher elution temparatures are needed.

Since no gain in columan efficiency waa achieved by varying

the gas flow rate, attempts were made to increase the effic-
iency of the column by increasing its column length.

6.  The Effects of Increasing the‘ Length of 1% Carbowax 20 M
Columnz on the Sepavation of Amino Acid Tri-fluoro-

acetyl Methyl Esters
Having obtained saoq separations of threonine-

methionine and arginine-hydroxyproline on a 20' = k" 1%
Carhowax 20 M column attempts were made to resolve alenine and
isoleucine by incressing the column length, ie. to increase
the colurm efficiency by increasing the number of theoretical
plates.

(a) Separation of Amino Acid Derivatives on a 30°' x %"
1% Carbowax 20 M Column

The amino aclds were injected with the columm
temperature of 90°C and after 28 winutes the temperature

vas programmed to rise 3%°/minute to 130°C, then 1°/minute

to 200°C. After the elution of phenylalanine the tem~

perature was programmed to rise 2°/minute to 230°C.
Alanine and isoleucine were better resolved at

150°C than they were on the 20' colusm (a resolution of

1.00 as compared to 0.38)., The resolution of threonine
and methionine was improved, a resolution of 2.00.
Arginine and hydroxyproline were jpoorly resolved. This

‘was due to the prolonged vetention tise causing longi-




BUPECTS OF INCRRABED GO LEBGIR
‘ Lol % # Lol 2.9 Uwloen 3% o umn 6 %
300 X 3% Card a0 M A0 w M Vi £ %‘@gﬁmﬂﬁ 2 B Coluwa
Asps 1,60 ¢ 3.% mms Aeps 1.00 & % nin. Apps 160 @ iy Anp~ L.00 € 88 sin.

' Rel.  Temp gel.,  Temp ‘ Rel, %‘emgs
AHTHO ACTE , Bet'n  (C) Res'sm  Reg'm  (7C)  mes'n, Ret'n ()  Res's Ret'n (°C) Rep'm
Cysteine - 35 130 . T 136 7 140
Yaline <51 165 .- 150 . o
alanine 57 30 ) 3.0 - 59 56 3 1.s ey g, <S8
fuo Long fne o 5 150 3 L9 ] 156 3 k30 ] .20 - &G
Lensing 66 180 0¥ 164 5% 200
Glyeine .78 i72 s 172 B2 200
froline « B 16 -89 18¢ 21 200
fagartie L. G0 %4 y 1.08 193 100 G
Threonine 154 200 3 1o 44 300 ) " : E@@ ] L 8 ¥ 260y L,
Methioning Loli 280 3 5400 .37 208 3 il Lo i& 2.30 8 £ 200 .00
Slutamie 1 >l E@Q Tiﬁw :ﬂ} 2@’@ @ . %;.& 9 Pt
Phony Lo Lanine 1.28 200 1.28 400 2.31 260 .43 240
Beving 1.36 zig 134 2318 $.43 230 1.36 2485
Argining 1.%6 230 ) 1.14 .81 240 } £.80 2,85 3G ) . 86
Hydroxyproline .98 230 ) 1.86 2603 77 .08 280 )

Lysine 2.11 256 1,60 60 P —

¥ For tempersiuge progroms ses pages & w
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tudinmal diffusion of thely deviwstlves on the column.
{8ee Table 31, column 1.

Sepsration of smine Scld Derivatlvey on g &0° » &”
1% Covboway 20 ¥ Colues

The colues length wse egsin lucresasd to lsprove

ol

The smine 2cld esters were ifnjscted et B0PC and

after & 28 winuie duley, for elutivs of the solvent front,
the tempersturs Wz programsed to riss 5%/ minute to 140%c,
then 1%/minute vo 2007C. After the elution of phesnylsl-
snine the Louperaivre was progresesd Lo rise % minute fo
26570, 4 pood reselution (1.30) for slanine and isolewcine
was ohtained st 133%. Thrweonine snd methlenise were so~
parated with 2 vesvlution of 1.88 st 20090, The erglains
gnd hydromvereline peeks wers s1ill breosd and had 3 ze-
solution of sely L.80. (See Table 31, colums Z}.

& lower Lempersture was thesn fried for the sspersiios
2f slenine snd loolsucine. ‘The ewing asvide vwere lnjlssted

with the celuvem ot room temperature. The coluwmn femperalure

was lemedistely veised to 180°C z2zd held for 36 wminutes

wntil the ispleucine pesk had sppeaved. The tempersiure wos

" then progresmed te vise 3%/winute to Z00%C snd held there

unkil phenylalanise wes sluted and then programmed egeln st
8% feinute be 2509C.

The seperstion of alaning and lsslevcine was zot lee
proved ot 1407C. Threonine snd ssibilonine peake were

sharper with the iscressed pale of temporabury B their



8%.

rogoletion was very good (2.36). Avginine sad hydrony-
peoline were wery Jiffuse givisg wide, flat pesks. Their
resslution was enly G.84.

A& higher ¢olusm tempersture for injecting the sming
scids wes thes fried. The imjection tewmpersture was 309¢C
snd the celurs was held at this tempervaturs for 22 minuies,
zfter which the femperaturs wes raied to 160°%C where it was
hald wntil iscleucine wes slufed. The tzepersture was then
vaised isothermally te 200%C sud beld wntil sevine was
#ivted, The separstion of srgisice, hydvoryproline sud
iveine wes not stiawpted on this columm.

The separation of slsnioe and iscleucine wag uol a8

@Mﬁ at 1607 (resclution of 1.80) without garcitioning et

2 low tempemature. The separstion of threomine snd methionine

w228 very geed giving the highest resclution value yet chidned
=we z vesolutics of 3.60.

incressing the column lsngth resslied inm betier re-~
selution of the low bolliug point ,pyno seid derivatives.
Howewey , the aoisno sold Jderivstives with high beiliag points
ditfused om the column to give wide pesks. Alenise and isp-
ioucing, @8 we'i a8 threonine snd methionine were compietely
szpersted. Asrginine and hydrozysroline pea&_ﬁ were wide zand

diifuse.



TaBLY 32

Effacta of Colums Width

Colums 1@ Coluem 0 Column 3% Column &%
20 x 1/87 1% 20' ® 3/16" 1% 10! % 1/6° 1% 12¢ % 3/16" 1%
 Corbowax 20 M Garbowex 20 ¥ Gorbowax 20 M '

Aspr 1.00 & 84 amin. gopr 1.00 © 47 min. Sppe 1.00 & 22 min.

Rerle Temp - Bel. Temp - Rel. T ' Rei. Temp
AATHOG ACID Ree'n_ (Pc) mes'n Bet'n (Pc) mes'm  Rer'm (°C) Hes'n Ret'sm (C)  Res'm
fysteine 52 126 4% 120 LA 125 32 ¥
Taline 45 148 B2 166 AL 138 85 170
Alaning ® 67 1&3 ) 6,5%0 <68 1ig 1 140 ) G B3 175
Iselenciug BF 143 ) &9 | B » 36 40 ) o B 175
Leneina 273 168 A5 186 2 59 150 oF L 180
Glyeine LB 182 B3 180 73 160 JHE LB
Proline B85 158 87 140 S8R 185 B7 185
dspertic 1.60 176 1.86 150 .00 180 L.00 185
Threcnine 113 180 ) 4. g Je15 180 L4 190) L0218
Hethionine 1.16 182 ) 1.19 186 .16 190 ) 968 yem s
Slutamic 1.19 185 1.26 180 123 150 LA a8 aes
Fhenylalanine 1.24 188 1.3 200 1.28 195 1.86 188
Serine .31 198 1.40 210 1.32 208 1.62 188
Arginine 1.8 215} 1.74 266 2.05 220 ) & 1.85 240
Bydrosyprelioe 1.88 218 ) B9 3537 260 2.30 230 ) &5 jen w0
lysine 1. 04 220 L.79 260 2.23 233 2.30 Pl
Tyrosine 3. 20 250 &.42 276
Kistidine %63 270
Teyptuphan +.60 270

-
Fur temperature progrems see Pages gy.gp
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The Effects of Column Hidih on the Seperstion of smine Acid
ﬁﬁ@ﬁ@ﬁ&i%@ﬂ

.Siﬁﬁﬁ.ﬁazfﬁwﬁf a@iamms have %@@m W@gﬁz&&d e &&
successful ia other tg@e@ of ﬁhram&tagr&gﬁiu w&rk iﬁ.wgg ﬁe— ”
cided to try tk&n ﬁ&f th& segaratiaa af amino acié Eﬂtrifluera-
aoetyl wachyz @siera.x T

{&} ﬁ&?&%&ﬁi@ﬁ @f Aéia& Acid H-TFA ﬁetb?i.ﬁﬁﬁérs an.&
20% m LF8% 1% Qsrbowsx 20 ¥ folumn

The anipo scid deviveiives wars injected with Lhe
column at 30%C sud after o 1 minute delay the temperstuve
was programmed to vise 3%/ minute to 1409¢ then 1%/misute
to 250%C. - (Coleamn 1, Table 32).

The carrier gas flow rate wvas 40 sl/miscte at 40 peig
8t the. %&siﬁaiag of tﬁe ron. At 140°%¢ the gae flow dropped
to 1@ mlfﬁiﬁﬁ%&.. In @t&@r to mainiazﬁ & &@aﬁtaﬁt gas flow
x%@ 5@& @r&@@u@@ haé Lo %ﬁ aéjﬁataé a@ %ﬁ yﬁig @i&h &%ﬁ
?@ﬁ&ﬁ&@@f o z%@ Eiﬁw f@gﬁl&&@t Wﬁé& @@&ﬁﬁ %%@ g&ﬁ fiﬂw A
ﬁw¢ &%@ ﬁ%ﬁniﬁﬁ@ﬁ @ﬁ ﬁh& tun Waa ﬁ%@@%ﬁi&i@ Lo z@ni%ﬁi.
?&iz ﬁiﬁfx&uity was %&zxibuteé t@ the %ig@ E%@i@ﬁ%ﬁﬁ@ ag
th@ Eeﬁiﬁ =3 t&% ifgﬂ.talﬂﬁa £ g&& fl@w. ﬁs a zﬁaﬁit of
the resistaate ai the colusm and zhz fiﬂﬂtﬁ&tiﬁ% gas flow
zil @f tke smino scié peaks were sié& anﬁ the rasalaziaﬁ
: 34 %i@ﬁiﬁﬁ iﬁ&iéﬁ“iﬁﬁg threeﬁiuawm&tﬁi@ﬂim% @ﬁé ﬁfgiﬂiﬁe*
%yé?@%yg&m&iﬁ@ was pemr. o |

iy 5&@%2@%%@& @f émi&@ ﬁ@i@ Kn?@& ﬁ@aﬁyi E&tﬁ?ﬁ on &
oo 3G w 3016Y 17 Cerbowazx 20 M Column

The coleme width was incressed slightly by using -

copper tubing with 3716 lach imside dismeter.



TABLE 33

Effects of Verying Retlo of Liquid Fhase to S0lid Juppert

ﬁ@ﬁaﬁm L% Golumn 2.9 Golumy 3.%
i 3016 8 T8 316" 7L 5Y g_'“ 103
Carbomax 20 B Wh@mx 26 M bowan 20 M
Asp® 1.00 @ 75 min. Ang= 100 € 48 min. s@% &.&ﬂ @ 28 win,
Rel, Famy Hel. Temp Rel, Teowp
AMING &CID o o Bets (PC) Res's Het's (PC} Res'm Ret'm {(¥C} Res'n
tystedne 3% 180 i 100 F2 160
Yaline 51 190 N 15¢ - 79 196G
dlanine « 8% 120 ) .50 H% 153 B2 206
Isoleveine 33 8 3 U && 153 B3 200
Leucine 61 180 TR 156 B8 116
@lyeine T2 189G .72 163 85 30
Proline .83 190 B3 163 ' Rk 256
Aspartic 1.0¢ 156 1.6 176 .00 258
Threonine Cmmw o .46 180 1.66 15¢
Hethionine 1.47 198 ) .18 1.2 185 1.87 56
Glutamis 1.3% 186G } 1.23 196 1.7 456
Pheny Lalaning Rebhd 160 hed%  1%5 B33 30
Serine e o 1.36 200 k.14 £50
Arginine 2,86 340 .56 L.67 40 e e
Hydroxyproling 2.16 /ey T 1.68 6 L. 64 450
lysine 240 Ea 1.73 LD 0 e

#For temperature programs see pages 70 - ¥4,
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The amino acid derivatives were _njected at 909C and
after 14 minutes the temperature was programmed te wise
50/minute to 180%°C and held until glutsmic acid was eluted.
The temperature was then programmed st 5%/minute to 260°C.
{Column 2, Table 32).

The gas flow of 50 ml/minute was maintained through
out the run and no resistance to gas £low was encouatered.
The rezolution of alanine-isoleucine was poor as well as
the resclution of arginine and hydroxyproline. Threonine
and methionine were separated but not resolved completely,

There seemed little to be gaimed by using this
column rather than a ¥ columm.

Separation of Amino Acid H-TPA Methyl Esters or 2

10° x 1/8" 1% Cerbowaxz 20 M Columa

The length of the 1/8" columm was decreased to 10 feet

to see if the decreased lemgtih would lower the resistance to
gas flow., The gas flow, however, was still difficult to ceon-~
trol at a steady vate although a lower pressure head could be
used. It was found advantagecus to use a low carrier gas
£flow rate of 10 ml/minute (30 psig) and to msintain this flow
by periodic adjustments throughout the chromatography.

The amino acid derivatives were imjected at 30°C and
after 6 minutes the temperature wag railsed to 120°C iso~
thermslly and tien programmed at 3°/minute to 200°C then
2%/minute to 250°C. (Column 3, Table 32).

Although the retention times of the amimo acids were

lower the separation of al. of the amino acids was poor,
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Separation on a 10' x 3/16" column was just as peoor.

Separstion of the Amino Acid Perivatives on a
12' x 3/16" 1% Carbowax 20 H Column

The amino acids were injected onto the columm at 90°C
and after 12 minutes the temperature was raised to 130°C
then prograrmed at 5%°/minute to 170°C. The temperature was
thea programmed at 1%°/minute to 185°C and held there until
serine was eluted. The temperature was then raised to 240°¢,
then programmed 5°/minute to 270°C after the elution of
lysine. The gas flow rate was 80 ml/minute. (Columm 4,
Table 32).

On this column slanine and isleucine were split at
1709C, however threonine-methionine and argimine-hydroxy-
proline were poorly ceparasted. All of the amino acids
including tyrosine, histidine and tryptophan were separated
in 2 time of 100 minutes. The amino acid peasks were sharp.

This columm clearly has possibilities for cbtaining a
separation of all of the amino acid esters but sttempts at
doing this were mot pursued since it was not clear that it
would have any advantage over the %" columm.

Conclusion

Although narrow columng may be more efficient for gas
Chromatography it was impossible by our techniques to obtain
good separations probably largely due to the resistsnce of
the column to the corrier gas flow, The high resistance was
due mainly to the solid support. The sepavations obtained
on the 12' x 3/16" 1% Carbowax 20 M columa indicate that

narrow columns may be suitable.



g‘}ﬂ

% The Effects of VYerying the Hetio of Liguid Phase o Solid Suppert
P swsmai@ﬁ of B-TA Amino MM Matlyl Rsrers

4s well as LT Carbowsx 30 M ou disteport 5, 2% and
167 Carbowax 20 B was tried.

{z) Sayazmgﬁ,sm of imino Aeid Derivatives o= a4
0 = 3;"3.%" % Carbowss 20 ¥ Columm

ﬁ;a ezb £3 were injected at ?1595 a@é aizgv 2% miautes
the temperatare wis gmgmwé to rise 7.5°fminste to 1469
and E&%M ‘i '%:—:&% ﬁ, ne W wimmsﬁy E%z mmygmmm wes ghﬁm
;fagm Wg | g% 4, table 33y, |
o Alam.ne snd {sclescine were ag%ﬁ& 2t 18090, Tmmwm
m&&iﬁmﬁz of thf@%ﬁziﬁe or serine. The zeiss scids weve

m éiﬁmi&a oo

aratec ssé the paa%,s wers %ié&
the colmen, This ixzéica*eé that 2% C a«amg ‘gove poor
partitienisg of the smino acids bedwsen the Liguid end sobils
__phase, Similar resultls were obtained o 2 :Eéi%?‘f % %; 2z
o berbowan 26 ¥ columm,

L) . Sepevaties of helse Acid Mevivetives on &

18 = 3718" 2% Carhouan 20 M Column

' A shorter 2% Carbowax 20 M Colusn was tsied £ veducs
the diffusion of smine scids on the colusa.
The smine acids were injested at 90°C snd after 10 mine
utes the temperature was programmed to rise 5%/mimute to 150%C,
then 2.“?%15#53&% £571950C until serima was eluted. The tems

‘Wmmg’@ was then raiszed te 24095, (Columm 2, Table 333,

ﬁmﬁm and iﬁ%mwmﬁe &f a %Mgﬁx?’ spiit between their
pe@k@« ﬁﬁmﬂg&a &H zhﬁ smi,m mmg wmze i“?ﬁ@%ﬁ‘ﬁ%g gﬁ;ﬁ@; Wers

poozrly separsted.
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{2} Sepavation of Aminc Acid Derivatives om a
3' x %" 107 Carbowax 20 M Columm

A shert column with a lazge mrcemﬁage of liguid phasz
wag uged for gas chromatography.

The smine acids wers Injected at 30°C and after § min-
utes the tewperatuse was prﬁggsamed to rise 10°/minute to
2369{:. {Colurm 3, Table 33).

o asrginine or lysine was eluted from the columm. The
peak areas were very small, inmdicating either that the esters
were lost in the solvent front or they were not conmplately
eloted from the colum.

Sepavation of R-TFA Amiae Acid Methyl Hsters of Tyrosine, Histidine
and Tryptophan om short 17 Cerbowaz 2€ M Columns

Columas verying in length from 1 foot to &4 feet, were
used to cbtain seperations for tyrosine, histidine and tryptephan---
the least volatile §f a2ll the amino acids dexrivatives. Tﬁe most
éi,fficult elution problem was encountered wigh histidipe. A ‘éxez«ﬂ-
viously mentioned it was difficult 2o elute histidine from B op 15°
colusms when 1ts retention time was long. The same problem existed
on the short columas.

Early in these sxperiments it was discovered that if
the amine scid derivatives were injected with the column at room
temperature and the temperature imsediately ralsed to 2609C-270°C
the recovery of histidine from the column would be at its meximum.

{a) Sﬁpam:tmn of Amino heid Derivatives om a
18" x 3" 1% Corbowaxn 20 M Column

A& carvier gas flow of 40 ml/minute wes used im sll of

these experiments.



TABLE 34
Separation on a 18" x %" 1% Carbowax 20 M Columm (Gas Flow = 40 ml/minute)
Asp = 1.00 @ 30 wmin. Asp = 1.00 @ 22 min. hsp = 1.00 @ 21 wmin.

Rel. Temp Rel. Temp Rel. Temp
AMINO ACID Ret'n (°C) Res’ U.'s Ret'm ‘n 2's_Ret’m (°C) Res’n I.U.'s
Cysteine .37 80 41 140 48 140
Valine 37 110 «35 140 «57 140
Leucine .73 130 .64 140 .67 140
o 190 2100140 iy 196 260130 ooy 196 260) 30
Tyrosine . 0 1.96 <96 2
Histidine 2.84 270 )1‘40 349 518 260 )1'32 (’{“o’ 2.15 2600 70§ .u)
Tryptophan 2.20 270 (x320) 2 25 260 5320) 2.38 260 (x220)
(x640) (4850) (:840)
TABLE 35
Separation cm 2 2' x %" 1% Carbowax 20 M Column
Columm 1.% Column 2.% Column 3.% Column 4,%
Agp=1.00 Glimin. Aspe 1.00 G 12 mis, Asp® 1,00 @ 8 min. Asp® 1.00 © 9 min,
Rel. Temp Rel. Temp Rel. Temp Rel. Temp
AMIND ACID Ret'n (°C) Res'n I.U.'s Ret's (OC) Res'n L.U.°s Ref'n (°C) Res' et'n (°C) Res

Cysteine 41 140
Valine 53 140
Leucineg .05 140
gsar;ic i.gg gg) 32 i.gﬂ gzg) .00 270 32 L.G0 470

paine . o 2.25 270) 2.00 270 )

ol - a L]

Histidine 2.12 255 )-8 (3840) 5 05 260 32+86 2.75 270 )3”§ zgj 2.33 270 '8
Tryptophan 2.47 255 (x320; 2.42 260 3.25 270 R 13 20 0%

(B40) (:640)

* Por temperature programs see psges 95 -~ 97,



& ﬂ@%ﬂ%@ﬁ@ﬁ% m@ﬁ%&m%w&@w @ﬁ@ﬁﬂ&@ wag pried. wﬁ% sl

@ﬁw&w WETE mﬁmﬁ&w%@ @m e w@%@@%%ﬁ@ﬁ@ mﬁ& amw%w & % ﬁm%@m&

The pesks were wide swd low due te bistidine sndé fryp-

pophans - Bovever by Lhis potey ing 21l of the swine golds
eveid be identified. The zsepslution of Cyrosing and blstis
Sing wap only 1.6G. - Thers wes @ long delay after 27090 waa
resched belove tyrvosine appesyed.

The progresming wes asvenged e eiule Lyvesipne as soonm
as the temperature reashed I60°C-270%C du 2 hope that ohis
would sharpen the pecke.  The devivatives were injected soiv
che cobvEs 21 T006 Lespervzture and sfter & ainntes the Lgww
persturg was gelsed to w&w@ﬁ sud held thave wniil prelime wes
sluted. Yhe temperstuve wes then programsed o vise 10%/min-

are to 26070,

Lo The peaks weve 8till wide, however the pesk sveas fov

Bistiding awng tryptophan bad incressed (see Table 34). The

segpletion of tyrosise gnd histidips was still poer {1.34}.
A oaimilar tempersiess progremming wes dsed with @

ionger pavtition pericd. . The smine scids were injectnd gud

the zolems kept ok v hesgerature for £ slautes.  The Lepe
persiure was then vaised to 140°C sud held wuiil sspuviie

aeid wes eluted; aftsr which the Lempersitupe Was Proges

e mm@mwwmmmﬁww. to 2907¢,  (Coluem 3, Table 34}.
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The peaks were sharper with the longer partition
pericd. The peak area for histidine had increased and the

resolution of tyrosine and histidine had increased to 1.70.

. Sepsration of Amino Acid Derivatives on a

2'x k" 1% Carbowax 20 M Column

A lavger column was employed to obtain a better ze~

solution of tyrosine and histidine. )
In Column 1 of Table 35 the derivatives were injected

with the columa at room temperature and after s 4 minute

delay the temperature was raised teo 140°¢ and held until

~ proline was eluted, then raised to 255°C abruptly,

~ Histidine and tryptophan peak areas had decreased with
either the lower temperature (2559C) or the increased re-
tention time.

The temraéure program was then speeded up to obtain.
sharper peaks with lower retention times. The amino acids
wers injected at ieem temperature aad after 6 minutes the
tewperature was raised abruptly to 260°¢.

Histidine and tryptophsn peaks were considerably longer

and the vesolution of tyrosime and histidine was 2.86, the
best resolution thus far obtained. (Columm 2, Table 35).
A gimilar program was then employed but with the maxi-

sum temperature at 270°C. The amino aeid derivatives were

injected at room temratnre and after 2 minutss the tews
perature was raleed abruptly to 270%. (Columm 3, Table 33).
This program gave good recoveries of tyrosine and
histidine snd the resolution of tyrosine and histiéiae (3. 3#)
was the highest resolution that had been abtainad. |
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The u;iaration pigtuué in Figure 1, page34 was
similar to the one described above, except the partition

time was 5 minutes. The resolution of tyrosing and

- histidine was less (1'.83). although the peak areas wore

the same. (colum 4).

A slower prcgraiutng was also used on the 2' 1%

Carbowax 20 M colum. The amino acid derivatives weve

injected onto the column at room tefiperature and after

6 minutes the temperature vas raised abruptly to 120°C

. and held uatil proline was ~qiu§¢d. The tem':hmm was

then prograumed to rine 10%/minute to 260°C. This se~
pavation i pictured in Figure 2.

The resolution of tyrosine and kiatmme( ﬁaé in- -
creased frem 1,88 to 2,00 but the peak aress of histidise :
and tryptophan were lower,

The final two programs weve adopted as the mest use-

_ml for further work.

Separation of Amino Acid Derivatives on a2

4' % %' 1% Corbowax 20 M Coluwm

A 4' column was tried to see u' the increased lemgth
would inprove the efficiency of the separation 'éf’ tyranfm
and histidine,

The anino ecids were injected at 90°C snd after
8 minutes the a,eaéaratnke was progrenmed to ricevlﬁ"lutaute
to 270°C, The snalysis time was 44 minutes.

The analysis time was £o0o long resulting in very low

histidine pesks. With the increesed amount of liquid phase




Separation oh 2

Coluymn 1.%

TABLE 36
& %

&Yz 3 1

Columg 2,%

% Cerbowsx 20 M Colunm

Column 3.%

Colum G.%

Asp = 1.00 @ LB min. Aep % 1,00 G 7 mbn. bap = 1.00 ¢ & min.
Rel.,  Toup Rel. Temp #el. Temp Rel, % Tamp
ANING 401D GRep'm  (Mey mes'n YW, Rew'n (%03 Res'm 1.4, Ret'n (OCY Res'n K., Ret'n (%C) Resin  Z.U.
Oysteine A7 20
Valine % 20
Laueing A2 130
Aspartic 1.60 200 .00 25¢ 1.8 270
Tyrosine 1.89 270) k' 1.0  230) % 2.50 2703 36 12 250)
Y 2.80 (xb4G) 3 1.80 (=640} 3 2,50 (=640} ) 2.60
dintidine 2,12 2133 2.5 3.15 250} 9 3.00 270} 12 A8 256)
{320 (x320) (=328)
Teyptophsn 2.33 FIG i 3.8% 755 20 .83 270 24 A0 250
{afdihy Ll Caefudiy
*For tempersfurs programs see pages 9f » 96

ok rofery o vetention time in winuies




rhere wan considersble lzeding of the reein and the
shifting besslioe made 1% diffizuli to oblein & mﬁ rE=
golution of tyrduine und wigtidine. (Column I, Tsble 363.
FeE iU E ¢meter program with 2 Yomwer mawimin tomperaturs

U42567C) was tried in order £o prevent the resin from

T Piesdieg. The sming seids wers Imiscted at voum tem-

‘ peraturs snd after 2 minutes the tempersture was raised
Cabreptly to 2509, (Coluen 2, Teble 363
e wldvh of the weake indiceted that this Lempexs
" gkure wig too Yew, Thers wae & ssor resolution of tyvesiume
" and Wistidine snd the Base line #8811 shifted due o blsed-
i from the rTesin.
The amino scid derivatives were them injected 2t reos
“temperature spd after I minutes the temperature was raised
isothermelly to 270, '

A good resolution of tyrosine snd histidine wes
Cpbaingd {2.50) and the pesks dus to histidime awd trystes

| phem were very yood. However the bsse Line arill shifeed.

 {Colwmm 3, Teblz 36).

“Y Pinally the smino scid devivetives wers injected entc
“the oolumn st 2909C The amalysis time was 34 misuees.
CignTomn &, Toble 36).

S hivhough thers wss 2 gaod vesolution of tyresise snd

histidine, the pesks wers weey broed etd the base lise
‘ebifesd coneiderahly, Although the 4% coluse i€ gave pood

“geparations the Instability of the baseline wade it of

U doubtful value.




AMING ACID

TARLE 37

THE QUANTITATIVE EBTTHATION OF H-TFA METRVL SMIMO ACIDS BY @A LIQUID CHREATORRAPEY
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99.

Summary
From a consideration of the results of experiments

described in the previous sections, it was concluded that
the best conditions for reproducible separations of
amino acid H-TFA methyl esters were those described in
detail on pages 54-8. That is, amino acids are best
separated by employing three separate columns: a 26' x
1/4% 1% Carbowax 20 M column for separation of 14 of the
19 amino acidsg a 2' x 1/4" 1% Carbowax 20 M colusm for
the separation of tyrosine, histidine and tryptophan a2nd a
10" x i/4" 1% Carbowax 1540 column for the separatien of
alanine and isoleucina. These colums were used successfully
in qualtitative work and in the estimation of the amino
acid composition of proteins (page 102). The total
analysis time on the three columns is just under & hours.
There 1is still considerable room for improvement.
All of the amino acid derivatives could be completely
separated im the shortest possible analysis time if the
right liguid phase could be found and used with the best
program conditions. Since the two types of Carbowax used
in the present study----Carbowax 1540 and Carbowzx 20 Meewe
are at opposite extremes in terms of molecular weight,
there may be an efficient Carbowax resin lying somewhere
between these two Carbowax resins with the right molecular
weight permitting the separation of all of the amino acids
on a single column., The possibility of using loag Golay

capillary columns coated with only the liquid phase of Carbowax
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should aleo be considersd in future studiss,

The (usntitative Pstimetion of T-Triflucroacetyl Amine Acid Methyl

Gezivatives by Cass Chromstogisphy

fg o be voed 2z 5 vellabhle tosl for asmisg

3

said anslyale the orzing the derivativss should be reproduciblie.

The praceding werk has bean primerily concerusd with the prEe

savation and estimstion of B-criflsorsscetyl aming gcid methyl asievs.

The uee of the srocedurs for guastitstive pewgeses will oow be discusssd.
Hintures of the 17 comson awming asids {2 4iffering swounls were

wgighed out and comverted o The velatile devivstives by the wmethod de~

zoribed oo o « Five s

cadnteg 1 e, 2.5 mp, 10 mp sud

v aeid wers ¢

20 mg of ench an  thraugh the srocedure and the fisel

#-Feifluoroacetyl methyl derivatives wery tgken up in dry methancl and
medz fo z wolusne of § ml. Zsch zample vwas them chromstographed o the

rhepe coluowny: 20 2 29 19 Cevbowex 200¥, 27 2 P 1Y Corbowes 280 ¥ and

if 5 i zzmples sve imiscied, then the zctusl sspunts of B-tyi-

fluvprozcetyl snine scld weibhyl derivetives injsoied onto the colsmm were

e svld respesiively.

The sres wak fovr sech sming scid wes calovisted from

the surber of strokses sede By the Dlazc-Chevt Intsgeater attached oo the

reasesd 5 Isbegreter ¥aits {excursisons) aud

infected. A linesr ge-
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Figure 3. Graphs showing the relationship between the emount of amino acid
in the mixbture and the erea under the pesek. Units: Ordinete pg
emino acid, Abscigga number of disc integrator unite.
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the peak sres. (See FPigure 3 and Teble 37}, If the occusionzl devistion
from linesrity is stiributed to weighing or sizettinsg srrove., then sithes
gthe comversion of the smine ecld te ites welatile duv.ivetive is complets oz
2 cometent proporiics of esch amino acid is cowsried to the wolatilie dsze
ivative.

The devisticse from llnesrity sve mostiy at the 26 pp smive soid
comcentration. This is astivibuted to weighinmg ervors. since the 20 ag
aiwion aoid sowmplies wore weighed on g Sifferent and less sgenwibive balapnes
thae thet wsed o weigh the lower smcunte of sadme seld. although the
mwmfuy seid devivatives wave catlmated st 4iffersnt sirenustione the svreas
were corrested o o comeon aiiesvstion { % 28y for limesr evalustion.

The calibration curves were reproducible from dav to day for all of the

amino acids.
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The swine wcid cemporition of fhrge groteiss: cassin, foseiis
znd ovslbunis weps detormived.  The prolsips vers aubjecied Bo asid .

. 3

hydrolveis sndothe fiel awming geidy wers enterified forming the H-%F4.

Fhe devdueilves wers fhes mblected Lo ges chrows-
ilously deseribed.
mejority of swine sclds were

Ehsse sroteins, the usathod

spernd oo gbisdin e pres

hydveehiers
was prepared givdng o specific grevity of sppronimteliy. 1.10.

The mizture was placed in s zound hobiem flesk and

widod, sawving only the dis~
£iilate collected between 10831090,  This froction iz the
sonzbant bolling neist hedvachlovic scid. Thi chesteny

&

Beiling Brdrovhiovie acid Touh, Bas stered is 2 zlsge

o



103.

stoppered bottle and used for the hydrolysis of proteins.

(ii) Prepsration of Proteins for Amino Acid Analysis
Protein samples were obtained commercially in the dry

form or in the case of insulin, precipitated by & common
protein precipitant and freeze-dried. The dry protedin was
then weighed into a 10 ml glass ampoule. 4 hot selution of
constant boiling  hydrochloric acid was added to the am=

poule, filling it to the constriction in the neck. Hitrogen

gés may be introduced to drive out oxygen. The hot 6N HCI

will drive out oxygen, lessening the chance of any hvﬁin;fﬂfﬁinsf;
in the bydrolysate.

Tﬁe 31&#3 ampoule was sealed at the open tip, heating
the ampoule while sealing it, tobdrive out any residual
oxygen that way remain. The protein was then hydrolysed with
the 6N HCL in a ateam autoclave at 110°C for 12-16 hours.

The hydrolysate ﬁaa then placed into a small evaporation
flask and the HC1 removed by evaporation on a rotatory evap-
orator under negative pressure at 40°C. The residue was then
waghed three times with 50 mls of dry methanol and evaporated

~ as before.
- The residue was then either dried overnight in a dessica~
tor with phosphorus pentoxide : or immediately esterified.

Iwenty ml dry methanol wasradﬁed to the hydrolysate and

the flask was placed in an ice bathi. poyr ml water-clear

thionyl chloride was added dropwise to the methanol, mixing

constantly. The mixture was heated at 40°C for 2 hours im
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2m oLl beth. The contents of the flask weres then evepswabad

DR @ TOLSLOTY ewapers under wegabive pressure &l Yebn fewn-
peraturs.

Yo the residue wge added 1 gl of Tri-flusvoscesie su-
hydeide and the flask lefi st roox temperature for 2 hows.
The execess Tri-fluorsscstic snhydride wes them removed by

sraporabion sz before.

The regidue wag disaclived in dey methenol to 2 velums

of 5 wls, % to 20 pl speples werz lelecied ounto eeck of the

thres chrometogravhy coluems: 20° z 3" 1% Cevbouwex 26 ¥,

2% w57 1Y% Cerboves 30 ¥ and 8 18Y z &Y 1% ferbowen 1544,

seplvying the temperature peogrems descrlbsd on pages 54 - 58,
For g zapid vouzh quaslitative snalyeis, if was sdeani~

ageous te first identify the soine scids present on ihs

2% w Y 1% Cerhowsz 20 B colusn using the slow progras de-

seribed on page 54,

2. The seine Acid fempueition of Casein as Detersised by Csg-liguid
Chrometoprephy

£53 Zrmerimantal

- bhen szterified By

ths procedure desoribed ou pagel03 and the esters dizsslved

»

iume of 3 oml,



FARLE 38
THE AdTHG AQLD SOMPOITTION OF QasRYE

G0 pg te L0 ple

=

Concentration: 30 wg/i o1 sethansl o dnieatedy

fel. Stand. I.8. e G a6/ Fublished ¥alues
AWEHG ACIR Ret'n Ret's 1.Y.%s @ stt'n m 28 100 pw protedn Tedatramh —  Hauroelbode

Uysteinafd « G o5 4 {mbis} 12 O dpgn .67 .56 {43
Yoliow .1 81 i1 {=d2a 176 o2 7.08 7,30 6,30
slanine 63 L& {sz@}— 56 2.8 Y e 3 3.8 3. 76
Tenlaucine ' {x320) 96 3,8 = H L o dly
Lewsioe G% Y {m320% 272 I 9.2 .58
: 18 81 {x32) 32 LI @ 2,66 .80
oS 57 (x640) 320 P g 13,00 10.60 8. 20
1.00 1.00 (x320) H 3.3 " 5.50 7o i R bt
1.16 1.16 (%320) 32 2. 507 B o R8s dy.o B8 . B
i 1.20 1.21 (x160) 50 1.8 3.00 2,80 250
Sluremis 1.24 1.8 {x640) 41 Hh.E ™ £3.70 28.40 22,58
Phevy Lo Tanio 1.30 1.28 (6o} 192 3.6 ¥ 500 5.00 LN
Ber ne 1.36 1.44 (x256) 32 5" 5.83 6.30 6.3
Arginine 1.76 .98 (= ing) 3% S " g (80 & L 6.38
Frdroryprel ing i 1. 86 { & 1] 2 & &
Lyzine 1.89 .03 {256} ka4l 6.76" 6.70 B30 8,9
Tyrosine C{x128} b 5,00 5.00 .30 8, 1@
Ristidine & & 9 [ 3,18 2. 90
Teveptophan & b & 1.20 1.6t

L]
-

=]
i fn g W N O G R RS

-

oo

-

P
s

e
L por

#® L0 Ro Trisgvem The Frotelss wel. &, Pare 4 pg. 2386: Heurath sud Reiley. (1933},
o ¥, Heurowitz; The Chem, and Punction of Proteins, pg. 198, (79633,
wd® 30 pls (80 pgme) Injected.
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TARLE 39

CTHE AMING ACKD COMPOSITION OF IMSULIN

Consentration: A0 mp/5 vl methened Injected: 126 pg da 15 pl
Stend, . 's seae, G @asad Published Values
AMING ACER Ree'n L.z € Ack'm % 20 oo vd 106 pm profein Formeguot® Teisteawts
Lysteine 52 % B {len) B %6 wpwm 8,00 EI. 50 £, 04
Faline o Gt 57 7.8 (1380 L R 9.60 .41 .75
Alan fnekin G 63 4.5 {=1260) 268 13- " 3,25 4,58 4,50
Tamleus inghsd o B oE 3.8 (x1280) 243 B.5 v 2.38 1.58 247
Taucine 78 S & {23560} TR i W 14. 26 Ph.B3 13.38
Glysine « B R 8 (x320y Lad .7 7 %.60 &.51 &0 Bl
- Proline B8 87 6 (x640) 182 LYY Lo 96 2.08 & 33
Hapartile ka6 Lot 7.5 {x640) 240 8.3 6. 96 5.31 &80
Threonine 1.20 i.1¢ 7 (x80) 28 1.8 °© 1.5 234 .08
Hethioning g 1.2% a3 Q g = & 4] ¢
Siutsmic i.32 1.30 iR {usd0) %76 34 " 16.70 12.30 18,60
Praay Lo lonine 1.44 LS 8 (nbha) 576 .8 ¢ 7 S0 §.30 B 04
Baving .52 1.53 18 (=360 3é &.3 ¥ Sed% 3.18 3,43
ArginioeWhs 1.8% 2,08 12 {x3267 i3z 22 " 3.50 2.86 Y
Aydroxyproiine & p LY i @ & & 8 8
Lysine 2.12  2.26 10 (x80) 40 2.4 2.00 2,72 2o %1
Tyras Lpehsd 2% (nB&0) 800 35 " &, (o 12,50 3,06
Histidine  {x80) A& 8.% 2,13 &, 98 4093
Teypiophan 2 i 4 i &

O

® €. Powmageot, Cold Spring Herbor Sywmpuuis Quart. Hiel. 14, 49 (1950).
® @ R, Uristvam, Advances im Protein Chem. 5, B3 {134%9).
Wbt 53 uls {400 wgme) injected.
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rezidue was esterifisd by the procedure described on
page 103 and the esters dissalved g diy methenel o g
volume of 3 al.

Pifteen pl was injecied onts the thres chrowmstography
columns described previvusly (pege 54), the copcentrsiion
injected was 1E0 pg of tobzl srotein,

The esters were isjected vebs the 26 2 3" 1%
Corbowaz 20 ¥ celums at 80°C and after 14 minutes the fem~
perature wes progremsed to vise 5% feinuce to 180%¢ snd
'%&ié gntil gletemic was eluted, then progrevmed &o vigs
| BF/minute to 240°C.

The ether twe colusns weve uwsed with the standerd
srogprams described on pases 54-8,

The peek avesy wers chisised st the perticular g
temupation snd the peak srsesx sf sp attenvetion of nlG
ware celeuiated. The smine scid concentvation for the
peak oresy ot vl vere obisined From the graphs of the
shrndard swine scld solutions fzages 101}.

Besults and Discussion

i

Tokle I% gives the syemmis of the swdwe scids Fousd
iz the Yasuiin., These valuss zre comparsd is dsle pub-
Lished by werious workers using othar wethoeds. The
zziative retention waluss and the pesk sresz {integrator---
styokes) sre zlzo lissed.

Ho wethionive, hydvowynraline or tryptophan weze found
iz imzulin. iz veeulf zgroesz with the results shialned

Ry vibher worhers.
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The values obtzived for vzlime, slanipe, lssleunsiva,
fmpeine, glrceine, preling, sepertie, glutawis, phenyl-

zlonine, serime, arginins, lvsine and tyrosins sve in the

ange of f D207 of the pubhlishsd walues.

i

Cysteine, threoains snd Listlidime sre low, the values
rangive Fros 30-507 of sublished values. Thisz is possibly
i fault of the shroesboesraply, but slnce this wes 3 zemple

af copmercial insulis {2 is sors likely due o contaminatios

=f the lmsulin with asstber pratein.

Composition of Ovalbusin s Determingd by Sas-Liguid

AWy,

oin

sibuming, pug-~
5t. Lauia, He., wss

The e

mmin was hydoe~
heurs with constast boiling 8% #OL

clave. The 501 war then evaporasted

-trifiuvorsssstyl @ i water by the

procedure described o= puge 103 and the dsrivatives disselved

Pifty pl sewmples wers Injected nts $he thres chvoms-
zography solumns described previcusly., Ihe amoual of hydre-

iysed ovelbumin injecied vepvessnted 360G py of the original

Aftew 14 minutes the Leumpersfure
wse progremmed to vise 3%/winuie to 180%C, held thers uatil
the glutamic was slufed snd thes prograsmed to rise 3%/mia~

%w
»-!-'r,»’;’ﬁ gﬁﬁ g&‘ ‘i.@n



TABLE 40
THE AMING ACTD OOMPOARTISN OF OvaLBibey

Concentration: 26 mg/ ¥ wl wechenol Igeskod: 20 pg in 36 pd

r st R

Ral. Srand, E.W. Cond. Gm 2.8/ Published Valser
AyEe LD Rer’n  Ref'n Tellels G duetn w30 Res’vd 00 am protedn

el

shed 2 42 8 {xB0) 32 3.8 pgw 1.46
Vatine 58 .87 0.5Glite) 612 16 622 g
Alaniae o 6o (640 328 1.5 5,58 3,96
fseleucing -G8 {x ‘ifﬁfﬁ%} 513 6.9 6.50 *"’%%
Lo dne 5% E {x23 766 2.2 = 6.60 Q ' ?\M
Glycing B Db {4 § = 1.92 7. 04
#roline * {m%é?} 2?@(& .8 v 3.63 ?f’&
Aspastic 5. é;;ﬁ >:§
Threonine -' z % .
Hathioning . g%?
Gilutemic o < ﬂﬂ
Pheny Llelanioe ¥ e de o
Heyiag 1.51 4, S {nBAS b é} . 58
Argising .45 32 (nB} 148 6. 75
tydvosyproline @ Lo 3.3 R o 0 5,13
tysine 233 2.26 10 £x648 330 ) ,Q
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The Basterificetion of dumino scids

. For she ges chrvosstogrephlic sepazetios of swine acide o priscipel
4ifficulty has been the reprodecible conversion of nop-velstile amise
scide of high melting points to velstile derivstives suitsble for separ
stion withia the limite of a gas g#ﬁ@g@&&g:@@hys.,”

Hany worksrs h&ﬁé veed various ﬁﬁ&%@@é te catalyee the estepifl-
cation of the @afh@wyi groﬁ§q' The é@éﬁrééﬁmiééf?taﬁafféé'éé éﬁ%ﬁéﬁ@@@
hyéx&mﬁi@ri@ a&ié,: ﬁﬁ%@?@f thig ﬁ@ﬁhﬁ@ éﬁ@& ﬁ%ﬁ f@ﬂili&ﬁ@@ &ﬁ@@%&t&
%%ﬁ@?iﬁi&ﬁﬁi@ﬁ @f @ia%ﬁg a&% ﬁ@aia &%iﬁ@ %@ﬁﬁﬁ or &fW%tﬁgﬁ@@ ?%@ @yﬁaﬁiﬁ@a

| ﬁﬁ@ éiffﬁawiﬁy @a@%m&%&r@é %y g@&@i@@a %@%&@gﬁ ﬁ&ﬁ ﬁ@éﬁ z&@ %%%&fi»
ﬁi&ati@a @f %ﬂ% %&ﬁi@ a@ﬁ%@ @&i%ﬁc “ﬁﬁfia@%ay oz alee besn sncountored
with @y@&@iﬂ@g %wggtﬁgﬁﬁﬁ and t%@ hyéw@xy&&ﬁﬁ@ acﬁ@g ‘threonine snd sevias.

{i} he Use of IThiomyl Chievide to fetalyse Hatsr
Yormation

Yo the &ygia&i %ﬁ&@ﬁﬁﬁﬁ%&%i@% w&ae&i@ﬁw':”n

s o B BBy O
: g.ﬁioﬁﬂﬁﬁ § CHLOH % gﬁaaﬁﬁﬁﬁﬁ # ﬁzﬁg ‘water 1o an end ﬁ%@ﬁﬁ&%e
I S o g G i o

Tﬁ%f@ ig P @ﬁﬁiﬂ&ﬁﬁ @@%ﬁi&iﬁity thet watsy fovmed im fhis zesctioe will
pravent the estaxlflc&timﬁ gﬁiﬁg to ﬁ@@%iﬁﬂi@ﬁa ﬁ&@ iﬁ@gi reagent for
the esterificeation of sminc molds would &%@f@fﬁfﬁ %@ ang whilch @@ﬁgé

sct 28 a wsiey 3@&%@%@@2 @ﬁ@ at z%@ zewe &iﬁﬁ aa@@iy%@ ﬁh@ ﬁ%@@?ifiﬁ@%ﬁ@ﬁa
%ﬁi@myi ehi@wiﬁa wan §@%@é tw &a mm@faz iﬁ ﬁﬁig rﬁsgﬁ%a..

o o 3%@@@ Brenner aund Yﬁk&ﬁ@? {E%ﬁi} gif@@ a&@@ z&zﬁﬁy%

chioride for the @&tﬁ;&&ﬁ ion aﬁ iw&@ﬁhi@ni&@m w&zﬁ& vas to %@ mﬁ@ﬁ i
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peptide snythesis, no one has reported s study of thionyl chloride as
a catalyst for esterifying smino acids. Altheush it was used by
Iwamato and Morimoto (1964) to form the N-cyanoethyl butyl esters of
some amino scids they did not fiad it particularly useful in the pre-
paration of the butyl eaters. '

Thionyl chloride is well kncwn to be an efficient

water scavenger.,
socl, # 2H 0 > Hy803 # 2 HOL

Thionyl chloride has been shown to play an active
role in the methylation of organic scids; The reaction proposed by
Gould in which methyl chloride can act as a source of methyl groups
for esterification of carboxyl groups wmight apply to the methylation

of amino acids. _
HCL £
CHyOH # s0Cly _ 7« CH08C1L 5 CHyCl # 80p
The methanol could react with the thianyi chloride
forming methyl chlorosulfite, an intermediate which on heating we«
leases sulfur dioxide forming methyl chloride. The methyl chloride
might then react with the amino acid to form the methyl amino acid

ester hydrochloride.

2 g 8
) : cl
v
Experimental evidence presented in section/ indicates
that thionyl chloride is a good catalyst for the fornntio:i of amino
acid methyl esters.
It might be poatulatad. that the thionyl chloride

~reacts first with the methanol forming methyl chloride and releaning




conversion,  the eptisuss femperaloure being

1i%.

sulphur dioxide and ab the same tisms vemoving waler produced im the

spterificetion reaction. - This resctivn vsgeiren heating for compie-

tion. The methyl chloride than supplies the methyl groups for the

msthylatdoe of amine scids. Both rveectiom reguive best fer a vapid

%070 for a time interval

of twe houvrs.

The feylatise of the Methyl Amine Acid Zsters
The &ﬁyiﬁziaa of smino acids d¢id mot present eaaga:abla éifﬁiﬂmlw
ties te the @@%@gifiaﬁﬁiﬁﬁ, Triflvorcecetic sabyoride g@@@&e %ﬁiﬂhiy

with the anine @f%ﬁ? at room ta@@%raaare, z&¢ ggamti&a %ei@g ‘

ﬁa?a
B B
ﬂ?g

- %ﬁa @ﬁ&%ﬁ%ﬁtaﬁiﬁﬁ @g gfiﬁiﬁﬁf@ﬁ@ﬁ&ﬁa a%ﬁyﬁﬁiﬂa %ﬁ& i& axaﬁﬁg ta
t&e @wwunt ﬁﬁ%ﬁ@ﬁ ﬁaw fﬁ&ﬁ&iﬂﬁ, ﬂﬁ faa* it @@@%@d 23 ah@ ﬂ@lv&ﬁ% ﬁﬁ%

zhﬁs r@actiﬁgarﬁ

ﬁ&ﬁ@ﬁé&fy Rﬁﬁﬁ&&ﬂ% 9f &ﬁﬁ%@ &ﬁié@: N

- Qhen Ehe aainﬁ &cié eat&rs w&rﬁ injeeteé on the t@iaﬂﬁ i&ﬁ&éiataiy
&f%@% their ?@@@@zaxiam the d&riv&&ﬁ%&& aﬁ a&?@aaiaag a@gime, argiﬁia$$
h?ﬂ?@ﬂ??!@iiﬁﬁg igain&, hiﬁti&iﬁ@ &m@ ﬁryyt@phaa ﬂft&ﬂ g&va 1@@ @@&k
greas. On ﬂt&ﬁéiﬁg a@eraisht ahe peak aress iacreaaeé tu a ﬂaximam
ﬁéi@é@ Ihia suggestaé ﬁ%@% & G@@ﬁ%éﬁﬁy r@&gaiaa migh& %& &ﬂkiﬁ% %ﬁﬁga._
ﬁiaa& ihe fiaai éarivatiw*a were dizsalwﬁé iﬁ &zy ﬁekh&u@i ané ai&c& H
triﬁim@rﬂaaetig &ciﬁ an@ @aghyl ﬁx&ﬁ?amxaaﬁm&ﬂaa maaié ha preaea& in
trace amounts Ffurther mwethylation or acylstion would be possible. The
amins acids sll had one faztar in common, thsy 31l possessed either

secondsry hydeosyl growps o secomdery awiwne or imine groups which could



engage in secondary reactions.

By the use of »m““ apectroscophy Cruickshank and Sheehan
(1964) showed that the hydroxyamino acids threonine, serine, hydroxy~
proline and tyrosine could form N,0-bistriflucroacetyl derivatives.
This reaction only l:ook place if the o( carboxyl group was first
enterified with & methyl group. Thus & tjﬁé’%éi"‘reacuou would be, us~
ing serine as an example:

ao.cxg.gg.)gooeag i (cr;o)gf.s > 'cs?,cooaaz.gg,ooee% |

b3~ 5
L - gg

Although we did not look inte this possibility, it seems that auch
a reaction would be possible for threonine, serine, hydroxyproline aund -
tyrosine in our work. The secondary resction of TFA with the hydroxyl
group would be expected to be slow, the TFA showing a preference for the

overnight

<& amine group. On standing/in the methanol threonine and serine

" peak heights decrease with time, but the decrease reaches a ninismﬁ

after vhich there is no further decrease. This would indicate that the
trifluorcacetyl bond of the hydroxyl group of these amino acids is un~

atable . ' |
| i‘hs amino ce,;ae with secondary aaltuo groups {.e. lysine and the

guanido group of argiﬁiuc miﬁ also undexgo tzi.f_imonnetyh:un. In
these reactions it is assumed that the trifluorcacetylation of the

{-amino group would take place immediately while the £ -amino group of

1ysine or the guenido group of arginine would react much slower.
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&, The Separation of N-Trifluoroacetyl Methyl Amino Acids
Gas~ id togra ,

(1) Factors Affecting the aration of o Acids
The prime requisite for the separation of amino acids
by gas chromstography is that their esters a&é&:é be volatile at the

operating temperature of the cbrmtégraphy eglﬁm. The free amino
acids are non-volatile, having very high melting points in relation teo
their low molecular weights. Masking their functional polar groups with

s_rélati.la substituents could lead to am increase in their volstility.

The problem is to prepare esters which will give high vapor pressuzes of

the dexivatives at. temperatures within the tolerance of the liquid
phese of the columm. Since Carbowax 20 M maximum temperature is 2759,
it would be desirable to obtain derivatives with boiling points well
below this temperature.

_ Weygand (1939) has determined the boiling points of
10 R-TPA methyl amino acids by fractionuzl diastillatfon. These ave
1isted below together with the welting points or the decomposition

temperatures of the unesterified smine acids.

Amino Acids M.wt, Melting point Boiling point of
e of emino acid KN-TFA methyl ester
Olycine b 2909 106°¢
alanine 839 297 87

valine 117 315 98

leucine 131 337 114
isoleucine 131 284 109

proline 115 222 94
phenylalanine 165 284 ' 115

tyrosine 181 222 148

aspartic 133 284 107

glutamic 147 334 121

lysine 146 270 154

» Comparing the melting points of the amino acids wit&
th: beilin; points of the H-TFA methyl esters obtained by Weygend (1959),
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THE RBELATIVE RESPONEE OF THE IOWIZATION DEVECTOR IO CARBON AUMBER oF H-TFA
HETHYL AMiNe &4CT0G

Injecrad: 12 pg of wach amino acid
onte & L6 Carbowss 20 M

folamn
e L e Loy Halative B lative Gty

AMINE ACTE _ , wedaht o oiarity peak sreas Lo Beler Reapones Busber

Cyateine 121 ®,33 &% 26 2,70 3 ~53%
Uei . ae L# 165 1.47 16,86 5 o
&Y B9 L0 .68 8.9 3 3%
¥ 131 .26 1.i4 680 & LB
Lt 131 1.56 2.12 20,50 & 2
Siveine 75 BT - 86 5,00 2 ~43%
Proline ii3 1.45 1,83 670 % g
hspartic £33 L.a 3.387 | 8 B &
Thrsoning 1i¢ » EA o L&D G, T ks T
Meth fon fne 14% a7 .06 5.4% 15,80 = T
Siutasmic 157 L2685 .00 L.43 T =540,
ﬁ%&%‘i}*i& Laning ia8 L 2.3% 1,39 36,56 ‘?ggﬁ;m
Genine 105 R I & B LY,
Avginine 174 « Bt + B5 &, B0 ~a857%

-=23%
&

Bydroxyprolise 131 : 98 1,38 12, 9%
Lysine 146 <069 L.42 3.9¢ 20,60

o 2 AT £ AR £ g ag A0 b B

T?lfﬁ@ i\ﬁ@ .f, ﬁ 3- = f&i’&} " 'l? ﬁ 3 « 3% E,qf{« L g{} “f@é-f’.‘,;
Wigtidine L35 e s L% 48 Lohdy B3
T???ﬁﬁﬁﬁhﬂﬁ ;ﬁ}‘é « é}‘ﬁﬁ% . 3:% 3 » ?éﬁ & o % i “élg&’;&

% Determined with & hydvogen flowe lonipation detocter.
& petermined by Crulckshamk with sa frgon ionigetion detectew.
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: i s an increase 1in
it can veadily be S60% ¢hay volatiiiey haw been achieved.

The Bewponse of the Hydeopen Pleme Yonizsticsn Detecter te H-TF4 Methyl
Apdeg Azid Holers

Dewar (1961} whe slosg with MeWilliams (19587 Jdevelopsd the flame

tonizetion detackter, made 3 siudy of the detector vesponse Lo seversl

bydrecerbon ssrizs of veeyieg chaln lesgthe. Dewsr obaerved z lineur
raiatlonehip beteusn fhe savhos wnusher and the deteviey seipst. B

slao noted the hydvogese flome respunds prisevily to the Ch-bond aend
thet suy fopcriomel groups present on the woleosls that ore sitsched Lo
the CH-bond will resnit lu 2 losz iv the detsclor respouse. Yomzely @b
2l {1982 and daroff ged farsse (194) heve repovied so vooossl vazyvimg
pasponss for syssl sosmnis of suime sedde. Zomzely 2isiss thal Lhe
d&mmwﬁﬁ rospomie le due o zhe presesce of Punctionsi groups on the emine
seid wolevnies. Gepeff stazes that this iz due only o eliher én susguel
ﬁ@mﬁrm& pawesd by thy detoctor or olse &0 vowgnsl vields.

Gimee up o this tiwms 9o one hee oblolned guenticetive veoulis fow
the swise acids ihe eneguel yisld thesey stuid ol b2 discoumiud.

im sur szpeyiseut, o2ur guestitetive vielde for the smisg soids

enabled wp &2 § a8t thiz problenm frowm both viewpoluts. Using the waluses
for the pesh svesz of the 10 pg asine o0id ssmples ussd lo the guastitative
resulis Jdeseribad oo pepy 100 the velablvs paak svees for the swlus auids
wore exzlcsisted velative Lo slanine. The zelstive wmoler sesponee wes

then ohtalued, cerrecilng fovr the woleculsr welsht of the smine soids =2

8 pi. These walnges weve then plotted appinst the cavben munber of the
sodng seidys, excluding the serbong of the 190 oud eethyl greups, ond ihe
best posdlible line dvawe belween the polats. Sew Table &1 smd Figewe 4 .

Lruickebank 28 gl {1964) have also roporied the relative pesh seaun of
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Detector to the carbon number of the N-TFA methyl

anine acid esters.



the H-TP4 swmibyl saters uslisg s erpon fonisstivn detector mnd 2 3% mage
%&&m%w,%MWQ@m puecinate colume. ‘Thess wvsluss sve zlse listed im Pebls 41

For vurporss of oowgsrisce bebvesn the tws fvpsa of 4y

oo Bard.,

The w@%&@ zeids weline, ziswnine, isclevcize, lewcins, glyecise, poo=
line, sepertic, ssthionise, plutseds, bydrowrsrelise, zod Iysine 2311 show
& Lipear reletionehls between the corbon sueber and the Jdetector roapenue.
The percant devigtion of thess smine scide fres limesrity i only (-20%,
& rouzpe that iz nod too verisble cemsiderisg swperizental severs. ‘Thass
amino zcids are all aliphstic moscsaine moosssrhbeomylic or divsvowyiic and

have uo fuseticesl side grouvwsn, with bthe ezesptisn of lveims. The £-szing

of Iysine dose aol dppesr o olter the deleelor veswouse. Howsesr the dee
cregse frvow linsevity f» werked when fomctizsel substiluent groups ave
sresent,. The decvease ¥Yeos the owpecied weluwe 1z fivst moticeasble with
the bydremyl sad thiel amins scide o2 w2il se the goepide group of svgin~

'3

fme, These groups shew 3 linesr devietiss of 30-78L

sporsg. the lsrgest devistion fz with the betsvosyelic
tyypionhen, devictivse of 9% and BIE veupsctively from the sppscbed golar
Eeapinse,
These findings asgree wich those of Dewge (1981) f.2. thet there ig
% Linser velsztionship belwesn the carbos supber sod the detsctor resposse

s0d thet this responsgs is slisrad By the

B
%
#
%
\‘si
"
1]
&
3

funotionsl groups.

iz 4z interestling fo sebe that the relalivze posh avess obtalnsd with
the bydrogen flome detector, with the emcepfion of wmeth fonine, pheaypl-
slaning, ilysine, tyrosime snd trypioghssn. bhove approximetzly the sasw ra-

iative values as thoss shtained by Urulckshesk with the arges fealzalion

detenior.
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The Applicetion of Gse Cavomatography for the Determinstion of Pretein
. @w—m&&:i@w

The sming m;@ﬁ sﬂm@mmm wi acid bydeeizsstes of casein, oezle

hmm and mﬁmm were é&"%mmm&é by g8 a&iz‘wﬁzﬂ%gzw ibe smine

acié ﬂﬁﬁ%ﬁs&giﬁﬁ'@f zﬁ%ﬁe wag found Co %g_saﬁé&gg $o the composition
reporied isy §§h§§' w&srs.
ﬁwzzém& aszaé tryptophan gave the mest éﬁﬁcﬁlw in these prge

miaw,, E‘.ﬁﬁ zasulis %iﬁg &weee tmm the @@%@i%g@ﬁ values., C(ysteime

.mmﬁf@r m?ﬁﬁihﬂ aigh ?@ﬁ@ﬁ B diﬁﬁi@mgﬁ&@ao_ Q@xﬁ&gg}E&ag@ﬁ#iﬁfi&mi%ﬁ@@

mwuid be oversoms by @5&@@ some othar method of hydralyeis protecting

be prefoecsble
im thiis respecih.

It =might be ﬁﬁ?iﬁa%%e te reduce cystine &6 cystelse with a wedus-
ing sgent. Suck a method wes used successfully by Crulckshank (1964).

: From ihe cruds ﬁasz_imgiaaa of aming aaié mposition performad ou

P

 protein hydrolysstes emd the agreewent echieved im most cases wiik pub-
lished values, gss cheomstography may hold censidevsble promise for the

future in the determination of protein compositios.

?&tﬁ&?ﬁ% zé:? mﬂ% mg&mt&m of dipeptides im pariial hydrelysates
éaaeribeﬁ ésy Sixygand (1960) is further explored ges chromatography conld
become an mgzzi&%i% tool for the determissticn of amine scid compesitien

and Gequence.




118.
SECTION IX

APPENDIX*

1. Calculation of Retention Values

In calculating the retention values of amino acid derivatives
there are many variables, which should be kept constant. The flow
rate of carricr gas can be eliminated as a variable by using retention
volumes which represent the volume of gas required to elute the amino acid.

This is expressed by the formula Vg = tpFc, where VR = retention
volume, tp = retention time and Fc = volumetric flow raie of the
carrier gas. Thia calculation is only necessary when the gas flow
changes during a separation of when comparing coluqns with different
flow rates.

To describe the sequential order of amino acids on a column,
relative retentions are used. These arae retention volumes expressed
rélaeive to the retention volume of a standard component or ‘markert®.
In this experiment the aspartic acid derivattvé was chosen since it
appearstuenrly halfway along all chromatographs, and is easily
sepavated and identified with no interference from cther amino
acid derivatives and is copstan:ly congsistent from column to column.

The relative retentious of amino anids relative to aspartic acid

is expressed as ryr) ¥ w YR1 = ERIFC yhere VRj = retention volume of the
VRz tngc

amino acid and VRy = retention volume of aspartic acid. Since the
carrier gas flow remains constant throughautra normal separation it
will cancel out of the above equation. Therefore only thevrelitive
retention times are required to describe a separation.

When the conditions of chromatography are comstant, i.e. column

*E. Bayer, Gas Chromatography, Elsevier Publ. Co., Amsterdam (1961).
8. Dal Nogare and R.5. Juvet, Gas-Liquid Ghtonategrnphy. Interscience
Publ., New York (1962).
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leagth and gss flow, the relative vetemtlion valuves vemain constant wayys
ing wlightly only with tesperature changes. Thus, as swino ascid can
resdily be identified by ite relative retention walue in relstion to the
sthey smine soids,

Unknsmaning scid Azpertic
suid dref.)

&
Iujected
T T Mg

in the disgran ART rvetention time &f the sanknown ssine seid deri-

vogtivesn ,ACT e2spariic zeid vetentisn time and 2B ¢ relalive reolention

AT
time of ushnows smiss scid. Thevefore assperiisz scid would have a wg-

iative retentice walue of 1 and smine scids sepavating below aspartic

#edd would hove waluse less than 1 while those appearing efter sapaziic

canied weld have ealuss grestey them 1. The tecmpersivve el which » poy-

ticwlar awine ascid eppesvs must be kaows when redsrdisg the data.

Caleulecion of Zificiency

“hen cespering celusms it iz necessary o sppralse the efficiemey
&t separating pover of diffezent n@wﬁ@ﬁmﬁ. Tas sessration powey oF
factor is the ratis of the retention (isse of fuo componsnts Lo be fg-
porsted f.e. L = 283 o A walue of unity is obtsiued for two compounds
which cen not be MMWM@@%%&; Hougver {regesatly swine acld peshs zre
brosd snd overisp even i¥ the ssperation fecyor fv levge. Theraefove s
batter weasursosat would bhe one lovelvisg pesk widiths., When the peak
widthe snd refenblen times sre considevsd, the reseoluilon of tue amise

aeid derivatives can be calcuoistes. Thus Resgluiion



L7 {nifference batween vetention tismes)
gum ef pesh widthe.

The pesk widths sre cslculsted from the recordisg chart is
mimutesn. If the :osolution approsches zere it iz Jdiffiemlil to se~
parste @ peir of swmino scids, The higher the value for resolutiom
the beiter the separstiosn of fwo particular ssins seids. The regsiu-
tion can ofien be improved by imcressing the columm efficiency.

Coluwn efficiency is measured by ithe nmusber of theoreticsl
pletes, A theoretical plate iz s step at which perfest eguilibration
wi the solute belween the woblle snd liguid pheses is sstablished.
The greater the mmber of theovretical plates {n) the bsiter the zee-
parasticn., Thuz a = 16 {(retention t&m@}g gives the awsber of thes-

peak wideh
vreticel plaies reguired for the sepsrstion of e pavticular eming acid

gepivative .

o gas chromatogrephy perfect egullibyion betwesn the ges end
iiguid phese cammot be schisved. Only the holzht of 2 coluws thas
#1i1 give a sepsretics eguivalent o one theovstival plefe csn be
caleuwisted, Thiz guantity s termwed the height squivelent te %ﬁ@’
theoreticel plate {l.e. BETP) and is calculsied thus; HETP = Lfn
where I i %ﬁ%‘ﬁffﬂmﬁiﬁﬁ ipapth of the chyamsvogrephuie celusn. The
smeiley HETP the betier iz the separastion. Ths mueber 2f theovetical
platzs can be lscressed by locvessing the length of s columm.

Calculabione of the ausber of theorvetical pletes swd BETP axs
wged in comparimng the efficiasncy of different columms, while resoimstion
iz wsed in cowpsving the separvation of Lwe erins 20ids on 2iffevent

colusns.
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