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ABSTRACT 

A deaeril'tion 1;; given of " method of forlllittg alilino <!cirl _thyl 

"srers "ith tlliol171 chloride in metlumol. The esters are treated with 

trUl""roacetic anhydride to for", the N-tri:t!uor oacyt:l] ""'thyl este .. " . 

'these "It'e taken up in methanol "!lei separated by sas cl:u:_tosrephy on 

three types of co 1"_,, • Wi th a 20' x i;" 1% Carbowax 20 M co lUl!m :I.t is 

possible to clean l y separate the derivatives of cysteine. valine, 

l eucine, glycine, proUlliil, sspartic acid, threonine , 3!ethionine, glut .· 

amie "eio, phenylalanine, serine. hydroxproU,ne, arginine <Inc! lysine i lll 

that order . Alanine and isoleu.::1ne are sel1arated e n ill 10' l< l;" 1% 

Carbowax 1540 <::01.1£_. 'I)rresine, hietidlne and tryptophan are separat'etl 

on a 2' x \:" 1% Garl>owax 2l:lM c"ll1lO1D aft .... ~h .. O tlMU' O1!l!>1tntl acids have _ 

off at 1_411' tewperaturu . An'll£< N hydrogen fu",", ionimatic:m detector 

"'as used. The carrier gas Will:!: nitrogen. lfuiiln lIIi:!<turee contain1nlo\ 1 mg, 

2. 5 !§;g, 5 mg, 10 1ll3. or 20 mg of each of the above amino acids wer., 

e • .nl"ried through the entire chemical .and chrOUlatosrapltlc procedure, there 

was for each alliino aci<l a linear :-81a1:10n between the alllOunt of amilJ<> 

acid o~i~1n~lly present and the area of the peak. 
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SECTION 1 

IMTROImCnON 

'fbe 4.16 of I:he work .... ep<>rl:ed ilt this thesis usa to develop 

a gas ehro_tographic: procedure for the separation and estfulation 

of the _ inc acid eOlllpodHon of e protein hydrolysate . 

Sinee in stu<Ue.s oJ protein chaisery it is important to baWl.! 

informatloft ou the al!Iino acid comp,rsitfon of the proteins being 

studied a nllJlSber ' of methods for th., serara.t;ion and estilllation of 

the _too add c<!>flIllOs1l!ion ofproteinhydrolysates have been 

d~1sed. The IlWst useful 'procedures hav'; been developed over the 

p<1rst . fifteen years and involve electrophoresis or cnro_tograpby 

Oll paper <lr on ion ,eli:c~.ange res ins. The most successful of these 

procedures ban ion e..'ltchange separatfl>n of_tnt> acid's followed 

bya pilot_eric Il"laliiur_nt of tbe lamount of each amino acid 

pn",ent{IOOore Iii Stllin 1'!lS4}. TnewholeprocEdun ha.sbelm automated 

Inseveral ways and equlJl"@en't for thbpurpos(! is available 

cCllll!l!erciall'Y. Desl'ite the'ir sensitivity and accuracy such auto_ted 

procedures have the disadvantages of the conSiderable expense of 

thiiO apparatus and of the neeilofa virtudlyfuH-tillleperson to 

lil&intain and operate it.. 

A number of atte!!!pts toseparau! derivatives of amino acids 

by gas chromatography have been recorded in the literature over 

the past ten years. tlone of these studies reports a complete 

quantitaUveru'lalylllis of all 19 ami.no acids eo-only f",un" in 

proteins. 



2. 

'olleN'lI, a rev1.ewof the perttMtlt literature •• escriptlon 

il It.va of~h. dev.loJ*e1lt. of procedure. for the preparation alld 

.atu.tiob by Bas ehrolaatosra,hy of II-trlfluoreaeetyl ethyl •• t..,,,. 
of th. 19 aIlliuo acids COIbIB01l1y found iA protein. 

aevi_ of . th. Literature 

Ivea tbouah the ability to •• prllt. V4rlo.u& de.r1vatlv •• of 

.. tttO acids by fract.toul distillation (Fischer 1901) (Weyand 1959) 

ha. ueoura.ec1. the vi_ that it should be po.aible to co.,eyt · 

.. t. acids to volattt. derivative • .ntcb could be separated aDd . 

•• ttaat4ld by sa. clu:ocutoIJrapby.l'epOrt. of such stu41.e are f_ 

1ft ".le.tlon to oth~ field. of ... chl'o.a'op.phy. 

The flrtlt act.1 reported att..,t to •• parate _lao aciela by 

sa. cbrolutoaraph, _. that of Huater,Dtlllek and Cor •• (1956) 

wbo _{.iseel the .. s..o acids ,..f.th llinhyd.rtn aDd •• par.ted the 

ald.by". of valt .. , leueine. laole\1Oto aftd alaulae by ..... liqu1d 

chroraatosraphy. In the ,ear.oft957 ead 1958 Ba1.", Reutbetr .tt4 

10m (1957) separate ... 11WO ae 1. by two 41ff.rat .. thod,.. III 

t_ fl;rst .. thod they oXidized .. tao ·actd. tothek COn'C.potldtlll 

abt_hyd •• wlth alkal·",. hypoehlor.lte. However, the .~l.'C! ... 
f,lul,l\1Jr-cont8iftln ... tftO acid. fo ..... coapl_ mature. ad SQJH 

.. lfto aelil.produce' the .... coapaUlld 0J'l oxidation. Ua1 •• a 

dioa,1 phthalat. (:,,1 .. at 92°0 t.hey wre able to separate the 

.14.b,d., of . 'laaine, ... laobutyrie acid. _"_1111.:, v411ft •• 

norleucine and l*UCtue. 

The •• eond approach to the problea _ploy.' by Bayer et .1 

'(1951) was to .... l'.t. ·the aethyl •• ters of valiae, 110 ..... _11_. 

le.lu. IIOttl.\lCl._. 111lt .. l0 &e14 ... phen,l.la.d .• e. layer.t..l (1957) 

~~~Rt~ 



3. 

III bo Ill!!l"Illrlllt!!,f th.e ~$<t@r@, fr't}§ll. @.~ hvd:'?tw;l'!i$fg:u:t~ 

_tl:l,1 ",ater!! ~f al<luitl!!, !?;rOU~Mt, 

@i Illlhumi~, Qbts~­

is<lI 1"',Jl(:: i~"'. 

1ll!!llH.;rUc II!1.¢l add. tlll .. 11 !;dnS fint _r!ti<n t(l <lpl"iy S"1ll 

to t;b~ ~t1a of Ii F(l;t,Ltn" 

~ier "nd Tuitelb<l~ (1~5~) di<wsl~W!!4 " ~c;r<ll'Tcc1id~re fO% the c/ii­

¢lllt~.@ .. if!;f "" -II!l1!in<ll butyric aci¢l, walw&l IIr,d l@t!lGinlill 1>1I::<{>1I: t@ '!;lI!!%"r1itiGtt 

!;l@l8!W-U"!"lI.<i chr<l1_t@~3i'hy. 111", ''""'''0 II.:;i¢ll!! litli!'te <:lt8!l!!t!ll& with W'!!"Y<!Tl\.!l; 

:ill. a l!!.Ii!'II1",& 1i~ulli!' 8!nd I::h1i! p1'od"':;1:5 ",x!;i:lict!!¢l tnttl "" Glllm:inal:!!G hyd1'c­

Clia"'li!1In ;,;,;;bem!;. The "l<lahydea 111er" IIM1YZlid lin " s1:Uc<I>ne 1:01 .. _ at ?Ill)c. 

f>£>l?lyinl§ the t;eehuiquell of llunt<!lr "l;. 111 nj}5~) I>~d of Diea"' , .. ~(! 

c~'" lIud Kt,llhaU (l1l1~O) 

the ~,'!Ui 1$ 

!in aut@utic 

",dnC! lite 1d 

'rdtdbeum (t!l5!1), 

:$gl% ~hr@!iilU$t~~ra:t1b 

1ll1dehydiils. @ eor,!;;!.n"@tll> flo"':i.!>!1i th" a~L ,,(> acid V"I'; 

1:11';1"1:,,.;1 ~ith ninhydrin ,,~,,! i!?ttt') th@ _~'W§Jtw ~~ !be ""m!fle lNIlIlHld 

!;hKOuih " eGl"lM containing ~% uLeyiil11'in on c - ZZ firllbrick. !'he I>cl'''!:'l>tccl 

l<l<'lhvcl<'la "erll thlll'l cIllr:rie<l til '" rllllct.:>r 'With Ii n 1eklll ki<lg!lllguhr 

at 1;""'I'<'It'a1:uU,I'; ili.f 425°C. The ,,:tcl$hyd~$ Rt'a "lri".:ltlld (Jill\ the 

I:litl>'lytic coL!I'lIn to _th"fie "nd vat",,". 'the w",tll"ne W£l1l drS"" <JIU Ii _11l­

e",lar ll'i""ve dryS"1> t",lI., lind del:'H'ted by £I tl:!el.'llllIl e_dl11:ti1?itl" ed1. 

Z;htltilil et ,,1 1I@iP'lIr"t®,Q th®' ddehy<l.", <»f £I1"11111<!I, d-,,!I!:1uol;utyric &dd. 

val1M'~ norv~lin€~ leu;c:tn{t) !l§((;leuiClne Oind £wl"laucioo" The: at~~11si$ tim 

W&$ 50 "':{1:1"I;"1I "u¢l tlt",y ""ere lil:lle to detect, 1 p.P "mDUnl:A$ (Jif the 1!~IlQ 

""tlh,. Zbtkl.s eto ,,1 "l!MI1Y<l:lu! " hy<lYo11Mta <!if clIllein ""d Qi;;t"ill",<l 

",,11.n€), If±!Ilcl.l1e ",,,¢l bohmo:itle. 

B~)J&U:~ (196fJ) i%lso tri@d t{$' $~p&r8te tb~.e @:&:idfati@]1 ~rO~lH';;ts @f ~ir&\'} 

d,l"idll. ~~ia~ @cida were c~idi~ed wieh pe~~~s~~~t$ a~d t~e 



4. 

aldehydes were ea teri ried fO ITftins the methyl ea t ers. The eaters 

were separated on a polYP!:opyiene glycol column at 150°C. Only 

alanine, valine, norvaline, leucine. isoleueine and phenylalanine 

were separa ted . 

Younga (1959) was the first to subs titute both func tional 

groups of the ami no acid prior loa g>;& chromatography. Youngs 

separ ated the H- acetyt buty l esters of a lan.i ne , glyc ine, valine. 

leucine ~ isoleucine (not resolved) and proline on a 6 foo t 

safflower oil co1_ a t 220°C. The analys is tiloo WIlS 1 bour . 

Youngs also chro<ll1!.t:ogra pned the esters o f Il gel.a tin hydrolysate 

obtaining tile above m .... tioned amino aCids. The resuits "'e r e 

qUQ,'!>t t.1tativG for on ly the above. amillO acid$;. 

Weygand, KOlb, Pro"', Tilak and Toroid" (1960) separated t he 

N~trHluoroacet:y l methyl "stars on silicone grease and polyester 

coll>l!lnll. They I!s t:ertf ied and completely $eparated the N.t:r i f!uoro­

acetyl methyl esters of valine, proline, aspartic acid , threonine , 

~ethionine and phenylalanine. However the pairs leucine-isoleucine 

and g lycine-alanine were not r e so lved alld proline-aspartic were 

ollly partly resolv .. d. Tyrosine and arginine gave four and u ro 

peaks respectively . The multiple peaks were attributed either 

to SI breakdown of t.he <:l<,riva tives em the (;01_ or to impur i ties. 

Weygand et al (1960) partially hydrolysed the synthetic peptide 

1I.a1a.glyc.glyc.leue.glyc .OH and separated It number o f N· TFA 

d ipeptide !11Ie tbyl esters 011 a a ilicGThe oil co l""",. Another i nteraliUng 

result of the work of Weygand was the 5eperation of the esters of the 

stere<>is<lmerie dipept i<l<i\ pair of L-alanine L-phenylalanine and I.-alanine 

V-phenylalanine on It si licone o i l (;ol~n. 

tinued the work of Weygand on dipe,tides. 

Others worker s have not so far con· 

These resull:S hold great 



promises for future ~ork on the 5e~aration o f dtpept ides from 

protein hydrfilysatea, giving possib Le clues to the amillo acid 

lIeqnence o f rnany prot.,ins. 

5. 

Conttnuing the work of Barand (1960), ~elamed and Renard (1960) 

cQl'!.ver ted the !..4tl1<'1nQllmino maooclI.rbo""yHe ac i ds to the L-chloro acids 

with a mixture of concentrated IICl 300 HMOr 'the L-chloro acids 

we!:'e then converted to the correspondin~ !!i@thy l @ste rs with dlazo­

_thane. Using polyethylene glycol and silicone oil col_. 

Melamed and Renard were able t o separat e the esters of al!1t1tne , 

glyeine , a,.·aminobut.yric acid. valine , norvaline. lel<cine, isoleucine 

and n;:u:leueine . 

Saroff and Karmen (1960) reported "be separation of the N-TFA 

methyl eaters of 14 _ In'O aclds on ill polyethy lene glycol "dipste 

column. Iu their separation alanine-valine and glutruaic acid­

ser ine were not >:eeo lved. Tne CO!'lver",:i<:m of Chroonin", . serine 

and lysine to this derivative was difficult. giving multiple 

peaks on e nroimlltography . Tyrodne gnd arginine derivatives dee_posed 

at high temperatures . Sa>:off and Karman eQuid not succeed in 

forming the li-T.A methy l e&ten of cystine, histidine o r t ryptophan. 

Johnson, Scott and Heister have reported the most systematic 

study to date. They _de a study of ll-acetylated methyl, butyl , 

h ottl ey l, amyl and isoamy l amino acid esters and found the R-acetyl 

amyl amino a cid esters most: suitabl.e for chromatography. Using 

columns of 1% Carbowax 1540 colunns they resolved 16 amino acids 

but could not form the derivative of tryptophan , histidine or 

arginine. Johnson et a1 produced no data for the reproduc ibility 

of their pr ocedure ncr d i d they mentio· ... ... hether t he conversion to 

the derivativ® was quantitative. 

Wagner and Winkler (1961) pUbl ished a paper describing the separation 



6. 

'Of N·.'rFA methyl esters a year a:fte: th~ ~3p~r$ of ~~y~nd et a1 

iilfiil ef' Sllre!'£' ;:);ncl KaX'!!l&1'I, WI!j9"ts .. ""pIU'llted tI,e cierivatives ,)'f: the am!!" 

acids on. 1111 Api,,>:,,", L colt1ltc containing sodi;w cllproate. Wagner only 

.®ucceeded in cG;tv .. rtfug .. ad Il€parating tn" escars of valine, i"ucine. 

threooil1@, Illethionilil<i lind phanybumituj,. 

Rulmhn and Ciesecke (l961) ""f!<ll!"11 t(!d t;'11 N-tl'lillmlltitylsUyl "miM 

acids of glyeine . a 1an hI" , l@uci"'''' , is'ol,,,,cin~ . v., line, slut;amie and 

!'hel!l1lalanine on II dHccme 011 colu_ at 1.650 C. 

Zomzely, BiMcn end Emery (t9(2) sllpj,rc,t<!cl ehe ll!-'I.'Ii'A but;:l d.!1r1.vat.ive!l 

<'t attl.no ac idn (itt a neopentllt glycol 6u(:cinsta {;o1uflm. Althou~ they 

re!lclved 19 ~ acids in 4S ~:!.nuts s many of the peaks ~ere wi de and the 

!(,'H;~ luUon of tllyc ise ~ leuc 1nl', proUne-8er in". "·"p&rti.c-phenyl", 18nine W/!!I 

:r;d}t ~d ta'tH}UtE.;U the e,$t i~t 1.A:sri of! p~ak :$1t~·&B fe,r q:U~1{1l. :tt$\t,iv® ptt1:po$e,s~ 

'i:!~e nterificliiHon .1lltc! llI<::ybUoo prccecim.·e,; of: 2",_11 elt '11 liiTIii r ather: 

clllit>e!." sOl!le and they presente'; no evi4ence f~ ;;11<' <tUant.itstive or l:6p%'O­

dtJ,cibl~ convs:rsion of tt,e ami.no ac ida! .. 

Ilia\! <ina !)ftrbre (t9t.i3) r"f%~lCted t.he 'lu<lntit.ltive forma tion 'ltld 

separation of the N·T?A a~l esters of 10 aminQ !!cids. The esters were 

llIei"lE'sted on different lZolumru • .of polyethyleme g.lycol adipate, f1uoro~ 

i/11ItyldlicO!l\(/ Ql'~l or aU:l.cOOll "U. Only the "",ten of i.lyc ine. danine 

".-.a"", leu.ein<; isoleucine , t!:'u':eoniu<ll, s<trU1<l. _thiooi.ne , pr€llinl:' all'" 

~nenyl~lanine were quantitat ively formed. 

LandO\me lind L1p$ky ( 1%3) briefly report@c! the sep.ara.Uoo of several 

;;~l1' wtb)'l u ten of eminQ eci<i" on en XE-60 CG1_ l1!!ing an d.ectron 

t;"pture detector, 11_11",,1' det,,1h of thill $~)~"l:etioi1& oOlr<* SC<lrH 

1.$hH .line WitkQP (U6~) . in "t"dyin~ the "truc.tur". IIi GramiCidin II 

\ ":':"'-',~, 
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tr.ied alivei'd IlIlIthoos to aualYh tftlll amilw IOc:l.ds bjf ~!I Ilhr_tO$l'ap!::y. 

:\1$U8 the ":v"tl!1lI$ OIi!!pll:il)ted by liIeysaud (1Si~). Sli·l'off (1%0) <lnd Zm!le 11 

(19(1) (alkyl esters of 1'IA) aM of Jo&nsort (1961) (.ilil11 este.rs of acol:yl, 

<ii\!lt ivativ~s) they 3u<.:<'!lM.:k!d in s staMblt1nlil tire pltefUllnce of alanine. 

,.lyc!ae. valiue, leucue, 1801sudue linG the b)'drox:f-alld.M 3cids 4erme 

and We_1M in the lilt-nulture of er.mieidia A. ~ abo separated the 

·Illi' a!lli!lw addli esteu of the ailMS a_" ellllilw adds . "'ith thl! .dd of 

~ @r_tograpi!y they .". ... ah1e to "h_ that C2:'a.w:U1n J. was a hatero­

~neO\l8 cydopeptide $ttt:Ut<i(liUc cont:a1ftift~ ill adxture of 60-30% valme­

~aIll1d41n aM 4O-2Ot ~soleuc1ne-gramiciG:l.J!j. 

Unhill the pael: ye",.. several reports of the ;all ¢br_tograpb~c 

1lI1l1i1"'rlltDfI gf <111111_ <\IIIW der:l.v;JlOt:I,YIIS have betl1'l ,ublbkad. 

lkekawa (1963) e-epo:rted the lIeparatiou of the Ii-TEA _thyl elite21'S 

!;)f 15 aillUw <Icicle. t101m!ve:r the l!<:Il'Ilratiool! do DOt !II~II!1r to be I"IUS~ 

f.\ll1'cory for .qulltitaUve eatillilltUo. particularly the rell·oluUon of 

IMl'rille and atbiou.iruI. lkekawa sid not detect the pl'lIulilnee of c111te1u. 

lIif![li'l'li.llIc ~ btsUdwe, lke~ sn-d that for alelflme tllar$ '&<l11i a l1uOlir 

relaUonship of the c;:meentratlcn to tlte peak area. lIoIfever Ite idled to 

~ ~ntitat:l.ve relilults for I:t%e other amino adds. 

We1nste1il and Fenselau (1%4) have reported the 9"'paretiou of the 

A'llI!Iiao alcoho1& of &lyc:l.lle. alO'lume. val1n4. leuc1M. lu/r1ae, isolEUcine. 

u thtoo1.M $U phenylaluifle oa COlllllllUI @f m etilyl dUcOM' flui d IiU 

uta,.l ~Dyl &11:1._ guBI. The amino acids lIfere COIWal'ted to their 

,alcohols viti> r.iA1H4 • 1.'h1s Pl'Q¢Ilc!uJ:'e is limited ill its application to 

tka $lIIf.wl; .lidos thIJl; CiiU be Cfm"'Ollt'teo to alcohol!!. 

I_to and !l.o1'~O {1964} have reci!lntl,. r~ed the chrOllll!to$l'a:pi'ty 

;'.' 
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~f s~tf-Cya_lIthyl ;'lmino\ ae;'4a, Ilsterify,u.g the amino a c:l.dll with either 

hutllneloreth .. _t. ' l'Iley reported the separatica ofllc/imM acids. 

,lidev@tnb _thed, partlcul;.u:ly tl"'IHl'Se ofqanoot:~l lI,de QPpears to) 

offer _ illlprO'll"!illfi!l1t (Wer the 1frifluoroa.cetyldthods. 

"eeeall'lYi wltUethe ~lt ' prli$_t!l'd in thisth."silf _8 in prop'ess. 

C1'uiculul1tlt snd Sheehan (1%4) reported the 'li!eperati<m of the 19· cC!Jilllllm 

protd.1a amino llcids by converfl1o!i 'to tbeir W"TFA, _t~1i'eaters. '!'be 

separati<m .,.. carried ,out Qa a ahortS';; lu~opem:yl SlyeQ1 succ:l.ute 

eccl_ in an .rulys'ist~ of 75 minl!tes. Howeyer. I:Mil1ustratiCl!l:$ do 

not shmif "at'iillbctory separations necessary for the: exact esUuU.otl of 

peak Si!l'uafor quantU;aU.YIi re.tndtll;. 'l'hel"'~$llIluUq~f threonine-l"'IM'::1nlt:, 

glut_il:...-pltenylalanlu and hbUdlne;'cys:teine pairs 'EI'EIre very poor. '!he 

hillt:!41!l1e-<:yeteille pe&ks -''i!r~'\f~ry wide all.dcwlEi aCt be' ntrsiXIliU!",d"tI) 

the belm Hue\; ChallS:1ng tM' ~ol_ d:la!en$i<li!llt dtered the re.solutien of 

thelll'l'I!:Iove _tionil<i poorly reso'lved aillUliJ addS.' 'fM , aepar iiUw' of 

tlu'eol'l1.M'. ,lyeine :aulf· lew::inlll requi'lted epeelal care in, tellplllrBl:ure. 

progl'&1I> rate andearrieJ! 'S"s flOW for a " ooa lIepar;etUm~ ilrginiae' ahowed 

two'dHferent' peau _ the chrOlllatograph. AlthOtt~ the' ujori'tj of the 

relatlveptek: anasof ·the<l1ld.1aO ,Iu:tds '(>$ere ¢Onstaliltvtth lI!:itirep,i!titionll 

of the" P!l'CKedllre. tM"'~uaatitaU.ve vorl< was I:anied .. out ,U; ' ool,. ene"amino 

acid level 'inlltead i>fatsitVei:al diff erent loveLl all described in this 

thelJis. '!'be methods of esterification aud acyletion were cull!beu_. 

Cnd.ckshank et a1 (l!J64) analyzed the amino add ~ontent of a rib­

onuclease bydrolysate, All of the amino acid" Itn_ to occur in r1h€mu­

deaslil wre obtained by ass cl!;romatograpby but the IU!lI'"ration vas poor 

lind there wre marked losses in the peak arells cf tln.'ll1wine l!Ind serine . 



t. 

lEY' Dt.l2tl9!! pI !hI .Subjlct. .,ltM TI!~!Y.. 

The followlDI •• ct~ of tllia th •• ,. cIe.c~lbe wrk leadiaa to eM 

"velopMat of a ".p"oduc'bl .... e.hrOMto~.ph1o _thod for the •• ,. .... 

.. tOIl ad ~.tu.atioll of the H-trUluol'oaeot,l_thJl •• tera of the f9 ...... 

.settle cO""'.l, obtaiud by h1eolJale of I*'ot...... Ihla · _th04 18 ct ... a.i· 

eatl_ .DeI ,.produclble. It ilWolVM the ~a,ld _vee.loa of t~ alllDo 

acid. to thou ..... utfluo .... c.t,.l _tbyl .at._ aDd til. " .pdattoa of til ... 

,."' •• t',,.. b)' chrOllltopapbJ vitia pna1l.... .t.1.tta C ....... t...... on two 

lJpe. of col.... A 20· • \ft canova. 20K col_'. UHd lor the .ep._· 

't ....... ,uaatttattoD of th. dert"".tl .. _ of "a~"'. 1 ...... · 11,e1M. 

tl'Oline. ...partie acid.. Chreoa1ae. Mth1.oftiu. .lutallio 4cU·,plaeoylatealat • 

... tu, _.r.lu1M. bj*~oliae and 1,.ina. It t, .... lbl •• 1 .. to .epa,.'. 
tn""'., hbt"idine and UJptophaa on ' this col .. INt . ..,.~.t1oa ta " • ., 

.low u. the ... k. ,"ito b~oa.. OM oth ... dra_ack of thUt q.t •• U thar. 

al •• * alUl laolNC.lne ce. GIlly be 8e,. ... ,.4 at low t .... ~.t_.8 aM low 

... flOW •• ' vader ' th ••• coDd1t~ 81&1 of tbe o$h .... iIiIlo ac148 ue 

eeC.IM. Ob die col ___ for • loq ct_ gd the ...... lioatake. e."e.:al 

....... Bovever. a1_tao All. tao1euctu can be capld~, aepatte,ed at tow 

t ....... t .... 01\ • c. ... ~. 1540 co1UM. LlkewU. tyl'oa'". bl.ttdi~ ... 
tl:J'Ptoplaea ca. be DICk ... ...plell, .e,a1'8t-.'at . blab te.,.ratu •• 01\ • 

lIhori colum .f CaRowa. 10M. 

~~ 
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S!CTlOW n 

!-fA, TE.EtlALS ANt} GENERA,"!. MEfHD1JS 

A JM;,TEftlALS 

REAGENTS 

1. i'IJ!a:b,." Aei<i!u 

The L i.,~$!£tr of the 19 azriw" acids c:o~'nly fOtlnd in pt'ot~in$ 

ware ul'!es in 1:1:113 ~ valin~, alanine j i$oleuei~e~ 

l~ueil1e, glycitHa~ pr()litt~$ aspa·xtic aeid!< tEu:'fronine f -m~th'1o~iMIt 

'!tl~Uln", hydrt",zypro line, $lut~ic atidll' :ph;3uylalanine;~, $?l:lT'ine~ 

lY3in". tyr{>sl:"e, hIstidine au" trypt"'l"'lim. 

A-~rade L-amino &cids wer$ purcha$~d from Galbi@chem~ Corp.~ 

L'O$ Ca;li£~ 'rhe$~ t1~ino %f;cida w~rJ$ of the. fre~ b,~,g,;e fif)t'tia 

with th{:! tnreeXJtion of R~d lY$ine tiithieh "r~ as 

20 ~~ethan01~ 

fro~ British Drug Hou$es 

(Caftatia) Ltdft!<' T~1:~@l'tt07 Otlt", in 1+ Ittre !!lIii!:li!llnol 

ha$ a disti,il.at:i.on range of not les·s than 95% bet~¥e®u 6th 5-65$5@C 

and a 0",1% IWater cont:~·nt<> Methanttl vas d:;:'ied 'tJLth mm~~sium 

(see method on 14}", 

3. '11d.Ol¥1'l Chl"dde: 

Purcha@®d S .. {j<i llucl'ls 5G Sen-wed:r-;;!Ic $\¥itz{!;r:1.sad4 This 

watsr ... clea:r r~.,g~nt. qs· ~tored in sealed .llUttptJu1.ih§ ira 25 ml lots. 

Thionyl chlcride 't-?;ftS also purchased f'rG?ii t?i:shet" Scientific COe ~ 

Ch~icaP~ ~ud Hf'tn:ifi>ltdH ~rad~$ Fa:trlaviTI;; }~¢J .. , Both the 

were tri$cl* R¢~ev~r~ c:hlorid~ Il yell.::m 



n. 
Ce9 !oI' and bad ,t;() .~e .purified (see_tlmo oapage 16) beto!'€! use in 

the esteI'if iutiO'n. , reeesl» 

4. Trifl"Ol:~a<:etic Anhydridet 

Pl.!rehasacl from Matheson , Coleman and BeH, NOTWOOd,OI,,!o. The 

trifllWl'oaeetie ntnhydride W11;$ Iltored In 25 !'ill lots In sealed glass 

_vouIes, 

5 . Aeetic Anhydride: 

"Analilil:" reagent grade purchased fro"" British Drus Rouses 

(Canada) Ltd., '£o1:'onl:<>, Ont:. 

6. A!lfiOni_ Garbonat!: 

"Anal.nr" .reagent. grade purchased frOll! British Drug l:!O'uses 

(Canada) Ltd., Toronto, Ont. 

7. !!Xl Alcohol: 

·'Anela .. " :reagent gradepurcha.sed f r Olll Bri~1sh Drug Houses 

(Camda) Ltd .• • Torento. Ont. 

3. Anhydrous Hydrogen Chloride and !Jydrogeft .!lr _ide: 

Pllrcnasil!d from the ~h:thesoll Co., E. Rtlthil!rford, N.J. 

9 . Benzene: 

"Analar" reagent grade purchased from British Drug Houses 

(Canada) LrA., TorontO', Otlt . 

10. 'Boiled Li"""Ii"d oil : 

CommerciSil grade purchased from a local hard-ware stereo 

11. Dietltyl Ether : 

"Ana lax" reagent gradllt I'trrchased fram B;rit i s l! Drug HO~l>"z 

(Canada) Ltd., 'i.'orot\!;Q, Ontario. 

\:,:,\\:,):,' 



12. Dt-.tbo!lPr_p!JUl (ACt_to ... di1lethyl ace.al): 

Purchased frOtB MatheaGo, Col_a alld Bell. Nontood, Oh10. 

13. D 1 .. thy lfo ..... lcl. , 

"Speetroquality a.aeattt pade purchased from Hathe_n, 

Col_a .ltd Bell, Norvoocl. Ohio. 

14. n~tbll Sulfite: 

12. 

Pu!'eba •• d ft;OJI E •• taa" Ora.uie Ch_leal., Roeheater 3, I.Y. 

15. the •• i. fuml!1!' 

Labo.r.tory r ..... t pad~ . pmhaaed frOll British Drua Rou ••• 

(Canada) Ltd., Toroato. Ollc. 

16. Methylene . Chlortd.et 

"Speetroqua l1ty a. •• gent" 8l'ade purchaaed frOll HathesoR t 

Colemanaad Bell,. ffo'twood, Ohio. 

11. So.tumCerboute(anhydroua)# 

ttAnalal'''rQaent p .a'.purcba •• d frOle Britilh Dru. Hou ••• 

(Canada) Ltd., Toronto t Ont. 

~~~~~~~ 
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¥rA'!nULS 

("-.. ltS CaiG.Mi'i 1C{1llAFHY 

1.. :i;,)?1).(trat~ 

,,<1 F & 14~d no &il>l cltr()wt~.litm !I~ij)ped with 8 hydrogen 

ni.!_ detector I.!tt,,<:bfS!!~t '!Wd'~l 11}09 ~}.!Ie !ptIl.'Cha.!%H! fr<i'lll!! l' & M S'~ i()I\l:1fi" 

Cort> •• _"'v"il.dale, Fa. 

Th,$ rl$cor,;j~r ~.J"a 5 ·an Elec tron:Ut lS*C Hodel 1!153 YiU~n"f.t!ctttr~d 

by Mi nneapolb - llonl<y_l1 R<tg'.1lat:er Co • • 1l~\ IaatrU1l1entg Dt ... . PM.l<!-

delphia t,L" '[".g,. 

A Disc- chart inl:e~iJtGr '!Wad zm.-B, *tuci'led w the Brszfn 

.recorderj ij!,i%1Hl!f!>c b,- JJ tsc !Klatg'tn~:~~t$ lnG <I' fl' S <~t1t8 £t'i¥ !i C,n!.:L f~i>' 'W$S 

~ar~h&3ed from F & M Sciatttific Co~~ Avondale~ Faa 

Z. C!!r1ti~!:"_~ases 

(8) !li\;rogen-~~ !'urcMsed [r_ the 1.inde Corp .. We loo!:" s gUil'"l ), 

:td;ci.4 ;O \~~lr!fitpeg .. C$~1.~~-diii .. 

(b) l.reliU'!!!--* pUr eh;!l3gd fr_ ~thucn of Canada Ltd. , Whithy, Ont. 

{c) li',l'<l!:o$el'1 {rallurH ied)--- ll'"rCilll'l'Hi from Miltl!O!~tJl1 of Can,~d," Ltd. 

~!l!.itizy. Cat • 

3~ Glass Wool: 

l'urCllloH$l!G bem C§aadian Laborato!:'y Supplies , ';'or<>;tl;o. Oat . 

4 • l'fu ta 1 Tubing 

(a) Coppu Tuhi%l~~- Anacon<l<l All'ii2rican !ll'asa Ltd. , New l'orOl1l:':o. 001:. 

purchased f r <:llli AHoy !'leta 1 Sales, WiMipelh Cd.Incdll . 

(h) Stainl"""", Steel --·· PI!\,chased fr_ AU"y ~fet:"l 5ale2, Witm:l.P0S. 

CSil.i6la .. 

5 . iilcroHtn sniaAAs ; 

purchaeed from the aamtltiilU. Co. lnc . , WhitHer, Cd.Il:l..f. in 

1Ft, S",l .. 1a,.1 a.nd :2a,.1 d lliles. 



14. 

6. C<>lu_~.l'ackilil1.s 

Ttl", f " H<:lI'"~itlg col ... _ plAcldng£ 'ilcte i'u1tcilase;t r eady for 

us:e f:roE& F 6: It Sc 1~t1t,ific Corp .. ) .~vMdale) P il e in laO gm:. let s" 

1% Carhowax 20M au SO«lOG ~ah Oiatcport S. 

2% carix)""" 20M on SO-lOO lru?sn D i<ltopart S. 

lin Cerhowlu, 20fi on 110-100 ""'''h Diatopart S. 

1% &<lGl'enty l glycol l>llccinate on Diatoport S (aO-100 meah). 

10% N(1opeMyl glycol succinate on Diatoport s (80-100 \lillo.h). 

100:. SHic~a<2 GIN!"Se DC-11 OJ:! D1£if;Ol'Clrt S (SO-lOO rnesh). 

10% !\pU,Z4tl on Diatoport S (110-100 _sh). 

thi2 following \!oltilM pacldngs "'~re PU..:lt.,Ul§u fr_ itll!search 

~?ac1~lt1~~ Cu ~ f ~iG~~d ~ C$11f~ 

1% C2rbowax 1540 Clll SO-WI) tish Dtatoport s. 

0.51 Carbow&g 1540 en 80-100 _ t>a Diatoport s . 

n. Zi"opentyl $01), c .. 1 """ciliate .:m Cbr<mOsorb PAW 60-a€} !lIIII!!h. 

i. mica ~ 1 

!..i'Doratory reagent grade (6~11i; !bOlall) p.Jrcha .. ed from 71shu 

Scientific Co • • Fairlawn. N. J. 

n ME'.rnQl}S 

(<I) FmfP"RA'l'ION OF tRATEIUALS 

{i} Drying of P~thanoi 

Apprcrn1mately 200 1111 of metWiool vas ft1<lced in a 

500 liil round bctt_ distillation flask. j!j;wt t'lro dozen 

1lIiip'"dum l:lIrni.a&s (a_nt not crit:l.cal) were addeci to the 

wel:l!<mo 1 ,lind the cont.ents lIbalwn. 
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tnt;; t~a~l;;~a!l. pla~~~ .. ~n 1>I l\~;tti\1& mant l e and Ii 2 foo t fractioll~ 

stton column was pl!l(:ed 1.lprt"ht if!. the neck .of the fu.k. A 

the~e tar. wa a .· 'l'la(:ad iDithe !<!PP!!1; anli · .. of t he .. £1;&C ti~ma tl"\1 Co hli!llh 

A _ter-cooled e01:ld~!ler !nS attached, to ~~ side alOll of the 

fractionat.ionco.t.umn. ;;t. t!l.e .l.f)\!ler l!!nd oj£. the Conde'l'll;er was 

attached a ,. co.llect:i~ flask. A calcium chloride tube was attached 

tl! .aIlillll1! 1l'l1ll in ·t.ll.", necko! th<! ' co Uee tion flask. 

'J."he reaction between ~gnesiUll\ MId ,Jllethanol '!!fa!> aU0we4 to go 

tl'cO!!!pl<'lt:j,Qna!=J!;oO!!!.temperatUre·.'fha. nea.t1/l1!: _~~Je wa!l tha,n 

" set to 6.5 C ,lttd tlte ,jllQtMnolc"llecte~ by d,i.litill-atio,n. The first 

20-25.1(11'1 .dht.;llUng 9ver wen disc.n:d~<! anf,lthe 4;/.st;ills.tion stopped 

a.fter. enough 1Ill'tMll9·1' had been collected for experimentation. 

t he llIethencl "'U $tored inthe.pistHlfit i,on 1;12.l\k clllllli'1:etill1y 

see led from ·the atmr.lsl"here.. As lIIOre methanol was re1!'1ired .l!lOre 

'mapesiUIII tt\t'tlings .W'l't'e added ,to the. disUllati(ln ,Jlask and ,the 

proeedtU'erepeated. HQwever, after,·two orthre~ <l!s.tUla.ti~1I , 

. the residoo (l'lg(Olt)Z" remafniJlS In . the flallk was washed out with 

t'i1ethano 1. 

Tbe chemical reactions .,for tlte.dryin,g of metha,ool by .f,hili 

..... tb.od "l'e "" ft>U0Wj3 : 

Z (lBlOH j. Mg(.~ , '!J> H2 f. Mg(OCR3) 2 

2 *20 it Mg{OCli3}2r~flux.,,- .Mg(OH)2f2 .9~3Q!t 
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(11) PvtJ.ft"t10i'l of .tb:l!!llCblorld. 

tbtoayl chlol'1de aacI qut.Mltu wre ..... to 4500 .1 fl •• t 

i.a 2,1 ratio aM thoro.!, .txU., Tbe fla.k ... ,laced OR • . 

• otl .... _tie'" attach •• to a 1 foot V'ar" col .. and c ...... 

••• 'uttc1. fittOll)'lehlol'lcte._ c.l1.ct .... t78-80·C . 

the-41attl1a,tl" .f thi.,l chlo~iAe WI. can".. out 1 •• 

t .. •• with a4equt. "nttl.t1oa. -

-the tkloa,l eb·lorU*.cltt,tl1ed £_ the -qut._liM, va. Ilia" 

vlth tit ......... "11d.1ta ..... otl ( ••• .,*lo.w). The flaa" .... 

,t.c. .. ft.. bAtt ... atl. aad a vater-cooled ....... 1' .ttache4. 
o 

ruatatur...t hut.. to 75 C 1. • fwte bod. - Colorl... thiOayl 

Cll~ide was _ll.cud. 

fa.. vatft-clea'ttbio.,l chloride._ ,laceQ ia bro .. -color" 

al ••• "ttl ... 1ttcb."'re tiptl)' u".. ... to .. ed ta .1'.I,t ...... I'* 

WlWte.vft • yetlow .PlMu ... _a ob .. w" the thlO1lJl chlorl4e .. . 

Eed4lttl1ed frOil 1m .... otl. !be Ita •••• oll.aiace it _11.41(1 •• 

afte.. cli.tlilatin. .._ di.C4J:4ed ilatdtatel,. II-

Th. 11 ..... oil used above waf purlft .... fol1GW1I . appnxllute1)r 

SO .1 of botled lift .... • tl .. _ shU .. vlth 200 .1 .f. etbuol by 

•• ttatt •• '£01: ...... I.int.. 18 a SOO III .tatl11atloft fl •• k. The 

rla.1t was ,laced to a heati", _atle aad « vater,-cooled co .. d .... :r 

attach" to the neck of the flask·. Ifhe etbauol v ....... ved froll 

the It ••••• otl by 4~.tlll.ttoll at 78-8000. ttata.t.,t..uc .... r, · 

awe ttt. bolled lia .. ~ oil ia GOt • cb_ically deft"" coapouacl 

aa4 ilia, coatal.a coapo •• at8 which would 'isttll over at tile .... 

tatperatur •• 8 th10a11 chloride. 

>. 



(b) HBT80DS FOR (14.S CIIllOMATOORAPHY 

(1) Cle ... 1 ... Ittetal twigs 

11. 

Since copper or atainl ••• at •• l tubinl'" contain i!apuritl •• 

lui4. the tvbl1lB that w111 ca., •• bl.ec.tiDSfroa the reaiD, it w •• 

advinbteto waab tile tubiQ, before vse. eae eRd of the tubi .. 

..... • ttacbe4to a water-.uctloa ,., aRd e •• followins solutio .. 

d.-an throuah the .. tal tubtaa io the fO.l1end.1II ord.~: 100.1 

. each of 1."tmatory .eter,.at solutioD. dist111.4 water. taethauol,: 

_ •• tone an' be...... The .. tal :QJbin •• _ thea thorovsb1y '7:1484 

.ttll a p. ft.. before packlll8 wtth re.l". 

(1f.) 'actl. of _ .. 1 00 I!!!!! for Gaa . Cb~S!Il.RhZ 
. . 

The aPnoprtate length of tub ....... eet"lta a ·tube cutter 

a. the e.ct8 of ttl. tube IIIOOtbeci with ••• ,.1 file. One end of 

tile metal tube va. ,lulled wltll 11 ••• wool. the pluge. 8l\d •• 

place. a.to an electric vtbr*tor (a Vortex Jr ••. 0.1:' _a used) • 

A fume1 •• at~checl to the open net of the .. tal tube ami the 

eHia pour?,c;luato the f;umael whil. the col.- was coatiDuouly vib-r.ti .... 

!he tpur'ua of the " •• i" •• _topped at i.tuval. to allow the "e.1ft to . 

•• ttle .ad alt' to eeeape. To tn.are coapl.te paekiD-I of the ,.. •• t" the 

tublqwaa frequeatly bock" with a be.vy .. tal objeet. Tbe eol_ 

•• ¢Oft.1d.red paeke4 vb .. no 1101'. ream coul. be ..... to tbe 

.~~~~;.~?~ 



tul:>l.nl1l. Tile open limd 'li,UiI then pl!,Ili!l!i<l1ld with glau -""01. 

(iii) Ceiling of Col~s 

U34 

The 1!!<I1It"ll column!! had to be coiledinto " sV:l.rel. 

in order to fit into the oven of the fla~e innisation attac~nt, 

'th<r< internal di_ter of thl,. "1'1.r"l 'II"" 15 em. A suet eyUn<l<r<r 

of these dflllenaiona "ilS attached til ill power lathe, \'lith the 

cylitu!e" turnint slo"ly, the metal tubing "as then car<l1lfuUy 

wound around the cyHnder. About 10 cm on each end of the column 

was left atraigit!: end bent to a 90'" angle for attachment to tlte 

blQ"k by Swalite10k fittings. Th", connections were toe .. ted f!!)"f!: gas 

leaks under a hi~h gas pressure with a SI<OOP deterg,,,-!!: SOlution. 

(Iv) ~"ur"",e"t of Gas Flo,. 

The carrier ges How was _", .. ured with" bubble 

now l!IlH:er attached to the end of tll"" Co lllllm IMlarest the 

injection port. it ro"l'~fi1m uter as $uggeste;l by Jame" and 

Martin (952) COftsl.®Uug of a graduated burette with & rubber 

bulb attached to the end and fined with detergent solution 

was used. 

'rhe gas sample fr_ the column enters the 

burette. The rubber connection is pinched and the soap solution 

ascends into the ga:s :Inlet tube. A bubble is fomed. rises in 

the graduated tube and its rate of ascent in the calibrated 

portion of the burette is timed with a stopmateb. Tne flo", 

rate is ealel.llatad in !Ill of gas per minuts. 

(v) IJryinl of Galles 

It Was found necessary, perticularly under 
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cond it ions of high lmmidity, to pte'Vent water frof$ enter :!."'g 

tbe gas l ines. Since trac8§ of water h~e ~ drastic effect @~ 

the stability of t he flame detector, metal tubes contaltting 

sHice) "ltd <:10';".1 at heth $uiir with glan .",@l wlIJ:e il:UlI€!!'!;ed 

m!;o tlle g~8 liu!ll& between the gal! cyUnders lIud the deteetM' 

unit . 

(vi) Se,!ls<mill#l\ of t he Colj'~~ 

In order to ,clean (011 8iilaJllm) t he co111_s _d 

til,Her nlSio" of ~m:Hiu Mtd t o stshili.!:E! them to sail flHol 

and te~t'ature changes, n_ly pl'''parad colwma w"re beated to 

their ru.a~imu!il all_$ble telfJ!'eratures Le. 21S"C for Cllrbcvillit 

:;eO 14 c:olt~~n$ an,a 150°C f(»t CE&;tbz:nfa~ 1540 colulms , from. 16 t,@ 24-

hours befme lise. A higb. carri..r gas fl_ i.e. 150 ",l/I'llin. Ifa$ 

~l,sed tD sweep off the iropurttles .. {lfiC®: $! co:l.u~m had: beer:, 

pt0?er1y gea$/mi!<i it W"iI only necessary t <l repeat the p1'oceS4 

for Ii few !lOUrs when the column W;'\li\ ta be reu'Hid . 
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SECTION tIl 

PRELIIUNARYllXPERUfENTS Olil THE ESTERIFICATION 01' AIUNO ACIDS 

1. Preparat1ono£N-Aeetyl ,\my 1 Amino Acid Esters 

Since the method de'scrtbed by Johnson. ·Scottand ~eister (1961) 

was developed iit the IIOst syst:eDl&tie manl'lerso' far reported 

attl!lllpts 'were made to use it for quantitative conversion. The. 

procedure "as followed aa described in the ortgtnal paper. 

A. volUl!le -of 20 iill amyl alcohol _s added eto ·Be.mixture Co!!f;a·tn­

ing the 19amim. adds (listed onpllge 10) an a 100 mlround bottom 

flask • .. Theme.tilanotvllS .saturatlild withatthydroushydrog.mbromide 

Mil and>tnemfl:l.lilG aeidll.Hsso.1v.ed. · Th.is. milI:ttu.'·e ·e ... as· reflUlted at 

165°C£or .. .3(1 . m:l.nut.es-andthenc<rolM t,o. 1!'oollltemperature. '!!he 

content". o .fthetlasltwas· then ~aporated on a rotatory evaporator 

a.t 500 e. underredueedprelJ8ure • 

A .. vo1_ .0.£ 8 !lIl acetic anhydride 'Was added to the resi~ne 

and ene mixture ,,&s1_£t standing at room temperature for 5-10 

minutes. · The excess anhydride was then evaporated as before and 

the residue' disllOlved in b'em:ene or' amyl alcohol ·to 'a volUllle of 

5 mi. 

This method met ·.,ith UaitedsucceIIs, in aur hands. It was 

difficult to obtain reproducible peak areas with cysteine or the 

basic am1M aCids. Some IIIOd:l.ftc:ations (lithe method .... ere'· tried. 

e.g. lower retlUli:i ngl:ell!PSratur·es and> a longer acetylatiOTltiae. 

b)lt . w.ithont· i\Bp~_t • . 

lOhen the amino acid esters were chrom&tographed on iii 10' l!: 

1/4" l'%. Csrbovax 1540 coll_the_ters of _tatonm., ph/IUylalanine, 

hy.:lroX}'proline and luparUc acid were veJ:'Y wtde and flat. a.ud 

the yields weJ:'e not very great. 
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A 10' x 1/4" It. aeopentyl 81ycol suecf.ute eol ... was tried 

but t .he peaks were aaatabroatJ aftd flat, particularly towa .. ds the 

ad of the aeparation. It was difficult to r.solve alaalne " 

va l1a. , {lOl.ucla. j. lwei .. and alyctl'le due to tailing of the 

•• te~.. It ••• difficult to l'8eor' peak are.s frea the int.pation 

of the peake. 

SiBee water 1s aft end-product 1n tbe .aterification reaetioa. 

b ....... · wa. uaeCito fora aa.aeotropic mixture "itls tbe..,.ter11l 

order to further cOIIPlete the •• ter1fteation. 11d .... t with lild.ted 

.uee.... _,rovf.q tbe peak hela'bta of a f .... lao act4. but.till 

ROt 1'8IIOv1q the lack of 1:'eproductbl11ty witb th. b •• ic aatno acid •• 

2.,...M1:'atloft. ofN-T~lfl __ olto.¢.t%l H.thl~ "'MAe!.! .I.ter. 

Sevey.l .. tho •• wer.trldl 

<a> MbI4rcu •• Btll. or .Ur .. thod 

Ap,...xfaately 20 .1 dry _tha.1 w_ acidtft-e4 with a.hydroa 

llCl or Dr au the aDd.1tO acid mixture added to the solutloft. 

A few dro,. of df.aethoxypropane -. • ... t.~ Icavn.e..... ... ... we. 

SOMti1leS acld.' at tltis point. The .1ature was then reflwced 

.t t..,.ratu~e. froll 6O .. aooC for 30.60 atnut... n.coat_t • 

... re then evaporated at either rooa t..,.rature er 5000 Oft • 

.-otatcn:y ."aporator. 

A 3 .1 volume of trlfluoroacet1c a1lhydr14e waa added and 

leftstaudlQ at rooa t_perature fo",o .. hour. Theexce.a 

anhydride va. tb8ll evaporat" aftd the ~ •• tdu. dteaolved tft 

1Mtbanolto S a1. 

Tht. _thod, thoup 1101'. succes.ful than tbe .-acetyl ...,1 

_1M aeid .. thod, w •• attll uot r.,:crocluclble. . ..... tropf. .. . 

~~~ 
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of the e8ta~ with beftaene and further aethrlat1onlaproved the 

peak he1lbts of the •• lno acid. but ~ere waa atill dlfflcult,r 

with the ' •• lc aadfto acld., pa.rtlcul4tl'ly b1.tidia •• 

The .. aka for eye,.,... .zaol... MthlOlliae. 

a1ut.1I1c ac14 aD' the ., •• 1c 4111110 acid. .-a1ftl...1,.·iao ••• 

hiatid1 .. verre ".., ... 11. 'Ibis lUu •• ted that O8ly a ... 11 

per<Utataae of the.e atUno acids .... eoaverCed. Hechion'" va • 

. not ".r, a'·.'D1 .... deCOllpOMd v1th1a a I •• Itoulh 

Vb •• injected alone la htp coueatrat1oaa b1.tl .... 

dtae p". th,.... peaka. ODe wh.1:. .ut'.!.. .. .... 11)' Gee.a. __ 

peak ovulappilla 0. 11,0111. peak end aootbeJ: peak everlap,ma 

the 1,8tne ,..k. It is Qot lmowa wh.ther the _ltipl. ,.au .... 
da. to coatndUllts 10 the or!a!'" ht.tUbe •• .,le 01' et,. .. 

to the fonattft of aeveral . hiH14tae 4erivatives. 

st... it 18. poallb1.etUt ·the pre.allCe -of differ •• t ' 

• ..uate.of w.t.~ .s ••• n. p~odd4t .., ..... ~.a.OQ for the 

difficulty J.a acbtevlDI .... tit.tl". e.et.rtf1cattoa otbeJ: PH­

cedar •• were att • .,t,d. 
(fa) Dt.8thl,-f __ alcht ICeth~ 

a. .nb,. .... Hel otUS' .. tbod ••• "'f1 •• by • 

proc.due .1tdl4aJr to that descrtbed by zo.l,. et .1 (1962). 

A 15 111 vol .. of _Cuaol ... acidified w1tla a 

... 11A1l1OUDt of aahydrou8 Dr. A ,. ftopa of dlathox,tr ...... - . 

• wat.r 8CaftD.&ft _. "1' •• dded at thla point. the acidified 

_th,no 1 wa. adeled to the aatno ac141 1d.xC ... and the aalrto eel'. 

dis.olve4. A 101 '101_ of du.tltJlfor....we (1.5 111) va. eckted 
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to the methanol and the solution saturated with anhydrous EB~. 

The I:Ottt@f.!U 'Were th<l'1l !!vsporated 00 a rotatory evapotator _der 

negllt1v<I' pressure at SO~60oC . 

At thilll stage the residue '''lllS neuc:!'!! Haed with a 1 N 

solution of a_niulllt ,,"-!rbonata in metn<!!!tGl or a solution of 1. t! 

,,(uH_ carbonate. The Elsters W1l:l:'1l then ra_ed from tbe aolul:l.on 

by nl"Nilted extractiooa with mll thylene chlOl"ide in a separatory 

fuMe 1. The extr<lets were evaporated Ott a rotatory evaporae. 

under na~tive prea3ura at saGc. 

Metbylene ehlO'l:ide ( 5 ti). (l.t 1111 of dimethyl-

formamid~ and 2 a1 of trifluoroacetlc ~nhydride were added to the 

residue. The Gont"" !:,, "'!.Ire a ll_ea to stilnd al: rooSl teiiiplerat ure 

for 30-60 minutes and tnen eve~erated and th!.l residue dissolved 

ill. !IIII~I1 .. n<)l and ,.li_tnylformmide. 

'this _thod was not lIuI,,:esllful. !.1ten the der1vativ~ltI 

were analyzed on the gas cbr_togtaph 1ifUl1:iple peaks for !Mny 

al!!ino <lei,lll! 'liflirre .mu tuel!!. 1';1;17 di_thyU'orlll!lmid" j1!£',Uleot a b o 

took II 10011. ti_ 1;0 eOfl!le off the <:'01_. '1'he colmm WIIS abo 

da!!l4sed and severe bll'ledlng resulted. 

First Method for Making l.Ffi'i£1uoroacetyl Methyl Esters 
witb !bien,l Chloride 

To 20 ml of dry _thanal were added 4 ~l of thionyl 

chloride drop by drop, the fluk being plafled in a cold bath (dr" 

ice and methyl cel1oeolve) . Th~ solutinu was then added to the 

alllir<o Il!c id l'Ili"I:<l1:'& £In'll tile " ",1._ actdl! diailolved . The solutioit 

vas then refluxed at 60·6SoC for 1 ~ 2 nottf$ and the contents 

4/vaporated on a rotatory evaporator under neg.aUvB Fessurfj 

at SGcC. 
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A vo1_ of :> 1li1 of t1ltif1uel:'@i<lC~t:l.c aMydride """" 

,,<.ideo and left at rO<Ya. t"lIlP"ra tul:¢ for <¥<le hoor 0 The exce .. s 

anhydride W"'$ thm ev"por"ted "nd the Teetdue dbsolved in 

~thanQl to e vol_ of 5 ~1 . 

this _thod gaw l:I"Uer results than any of the 

F"viounly uged procedures. H<>~ver. it >;>as .mserv"d thai: the 

"1>l;eriHcati<m could j?roc"ed j"'$1;: as well if the mixture ware ldt 

standing _erllia!lt at room t:~r&t~e . Also, it "as thought that 

li:dlwd.n:~ mipt .:tiWiH, 10';" of IlIl:1_ of t:l:;e volatile "stars . 

the matnad finally adopted is $1v~n in detail in the 

follow1n~ Gection. 



S!t.lTt~ tv 
FINAL HETHOD FOR THE 

l"lmli'AIlATIOli ANt; Slt!!'AIIA'flOll IJF me: AMmo .U:liJ 

N~1'l'l!F1.!JOlt(}A~"TtL METclYL ES'rns 

a} ftocedU!! 

2S. 

M'prox1matell :W mi of dry methanol was added to the "",1no .. et.c! 

~U:tl.!l"1! in " 100 ml ~_<! bott_ flask, "nd the amn";) acWs dhsolved 

sa _11 all rcuible by suldXlllil . The £1;1.$11. 'tlae then plac;>d if! a ':;0101 

1>&1::11 (dry ice in methyl cdlesolve) and 2, - " fill of liMll:illr- clear tbionyl. 

chloride add'lld drop !!;y fto§> to ell", me eha!Wl with. coos!;,,!!t ab1ng. The 

fluk "'lIS then stoppered with II caldulII cbloride drying tub., ll!:n<l kept 

at 400C fer tvc hours in " IlHfcOM oil hlith. ThIl beat'u~ lmixtl.lre Wl>S 

then cooled to r_ tell!lperature. The fU6k _s- asaill plae'ld 11$ iii """lei 

bath for * few minutes 4!!d OWl' to tw tlill:l.litu$ of Tr:i.flucroaceUc 

anhydride added. The fl$ak wae laft at ~~ te~raturc for oae to ~ 

~u ane! the excess Tr1fluO!:MceHc 1I>t".hydride «(>l' acid) re_ved Iffi II 

rotEltol'Y evaporator at roo", tClIlperalt"l'il. 

The re6idu® was then diuolved in dry _tbllnol and the volume 

adjusted to S al. The ellters were left "tanding at room temperature fer 

3 - 4 hours. Up to 26 ~1 of the sample was injected onto the &8S 

Chrcmsto~aphy column vith a Hamilton microliter 8yrin~. 

be) ailS ChrOll!atom:"phy 

'Hie separations were carried out on al! 1'1 11 M )!Odel 720 chromtograph 

with 21 hyd1:'o~n flaM detector .r; ttachment Model 160!l. l'h", hytir0~n flow 

rate was 65 ~1/m1nute and the a1x flow 450 al/maute . l'he injection rcrt 
tell!jreuture Villi lOSo;:;: Ill!:d the block tE~rat:ure 2oooC. Eithelr IltilinleGs 

l!teel or copper tubing was used. '1'h'" separations were made on three 

.';:< ~ :.<:--:>,. 
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typlr!!df C01UWIlIl: 

~t' S, li " 2' ' 

2.Ct't -x: 1% C&rb'w,ax\','2f~l·-Ot'a ljV~LQV r~2sh il iato,-

20M till flO~l 00 Ii 

10' x \" U Cilt'b~~x lSl;Oon diat,o.,ort S. 

'Ibe c:anter ~~ wiHin:U:'irog~m at Ii! flow ratE'of lW'lIil/m:l.nutellith 

the Carbowax 20 K col~' _d SO llIl/mittuta< with en" cm:b";~x 1S40 

col_, 

A d1ffl1rt'elll: t .. ~",j:'I!i:ut'e program wall used fOi: eai::b colwm. For 

c:ht'cmtograptIY on tl:l!rt lO' Carbwllx ~'llIm ·i:hetell!peratura waa S~C at 

I;~ iiille '" ofir.J~et:f@" , t@il.piii:s tui'1l' waa jlro~$_d i;l) !'be at 

S'''/mbtute ~b WS"C. Tho Z'1il.ra curl'i wag thet'll.lel11 l$SOCfor 

30 mnuteli. then tli'e 'te~r .. ture was afO'ain prull1'a_d W r:l.se 

2O/miTJUte: to 230°C . ?,:re.~lnl!li'l teliilP'lrBture vas then held !it 23OCCfor 

the rest of the run, approxiw>te1y a furt,her forty !Un\itte&. Cysteine, 

valine, alanine" iSi)leu,"imo (~t separated). lotuciru:. gly.:!ne, proline. 

aspartic acoLd, threg.d.nfl.mthionine. slutlillllic acid, phanl1alauine. 
";,' 

serine, al:'ginine, hydroxy!?:t'oiL\$ and lys!ll;t\l wen aU qlMlntU'ltlvIlly 

$lIjJilrated~ 

For cbr-.i<t\:lgraphy on tlu; 2" Carbovax, 20 .1 <:011 .. _ to!!. .. injectwa 

"'ali '. de with tbe ",,1._1: r oom temperature >and ,etu"' t:elllPfirature i."'Sised 

to 2100C within 'two "co' elu!eeminutes. 'lb., t.yrosIDI)} 1"'ak a~ar" lilith­

in 18 m1autea and vas followed immediately by the hhtldineaM tryp­

tophan peaks. 

For clu~oiMtogrilph:fortt:he 11. Garb(l1fax 1540 <::;)l\li1!1t the itljeet:inn was 

I!i!lidCi' i.;treom tiiffltpillr",ture. After five' mfl<iltOiat:hel:.~'l'I:atuu was HI: to 

l26°C "art" tli$nrlilbed 50 !lIlinul:e to 116°c. ' Cysteine. '1i1H_.al.m:l.n. 

'1l101euci.lle. laUi::l.ne.tlycine and proliru:wre, .pant:i.t<!lt:i.vely sQparated 

'~<;~<--:--~ 



27. 

oa the 1540 col_. with threoaine .... t1lioaiae_. atutaalc act. .a. 
pbeay1alaallle be1 .. tbe flllal .... ael". to ....... (,6 .setal1.' 

at.tl. of the a.. chrnatopepby of the a .. !rifluorucetyl aatllO 8c14 

methyl •• ter., :ltlcludilll _ tbe ,1f.a.-II8 of the .epa.atl_ OR •• ell of 

,the three co~w.a is ,1V8D 1t1l tit ••• et1_ Oil eae Chro.atopaphy 

pa .. 44). 

The above procedu~e save ~eproduelble. quantitative results. 

&Ver, step in the ,needue wa. cor.f.ll, 1fO~ke4 out to 1ftlU'Ce 

_ida .. peak al'eaa for all aaino acid.. !be ,.." .'1.a. "ere ex-

'1: •••• 4 lR tt~t.sr.to~ untts". each _.ur.loa of tke mtep'atc.c 

he1fta d.e"!I:1bed 88 a UIlit. '!he tollow1as sectloae describe 1D de .... 

tall tile varlat10Q8 t-c1ed 1n the •• terl,icat:loa end trifluor.acetyl~ 

aCiQD of the a.tao ac1d •• 

SECTION VL 

CONDITlOHS JOlt TIll lanODUCIBLI IORMA'IIOB 
or-

lI-ntrtuoaoAcmL AMINO ACID HEftYL -asTIUlS 

Each ecep in the -forautioa of H-trifl-.oacotyl .. tb71 d1ao aole1 

. •• CeC8 atvea1n the precedlua aect10n had to be .Iud!." ••••• th. Mee,.lt, 

f.· pUtflcatton of tb1oDyl~hlOrtd •• the ,optt.a t .... "'atur. · .Ild tlaa tor 

__ 1.'.... ar&d tb. conee.tw:atioa ofthtoayl chi.iele ~.,uk.d for .. xs-. _ 

_ ,,,,t.Clone Likewiae tbe 901uwe ottr1fluoroaeetic aahydrlde .eeled aad 

the .. t ..... t1me for t&-Uluoroacet,latl_ W8l'e .180 studied. fU'ouahout the 

.. Cl'ttft.' ion of corw.I'.loll .••• the ob~1.niDIof- l.J: ... l'epoduc11Jle · ... k 

...... OIl the cbl'ODltoarama for ,tven 4a1OUD"ta of alliuo 80,148. 

r~ aoae a.tao acids e.te~1f1catioQ did aot •••• to be c..,lete .ft.~ 

ataJl4llaa ove:mlaht. For thee. .adno acid. _iaaa peak belpte .... d to 

04\111' •• furtber re.ct1oa 111 til. flul _t1wlol .ftelt the ..... .,.1 of ~1-

fluora.Cltlc aah1drlde. 

f1f~~~i~;~~! 

. 
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1. METlI'{LA'1'lCk'l. OF AMINO AClDS 

(a) ~tanee of W4!.ter -Clear 'j:'bio!Yl Clll.oride 

!luring the Hut part of the work induatrl&1. thionyl 

~hloride was ueed in all exper~nta. While some batches were 

aat1afactory, others did not $1v .. reproduc ible results. Yluk$ 

water-clear thioay! chloride vas therefore tried and since it 

waa found to be aaU.sfactory was used throughout aU th" late:' 

_rk . '!'he Yi&ber (industrial) thionyl chlOride was then 

purified by the ~thod described on ,al¢ 16 . 

(b) Unp=ified "" .. Water-Clear thi_II Chloride 

Under cClUitant experi!l!el'iwl conditions onty tyrod.ne. 

histidine and tryptophan bUed to sh<im reproduCible pe£lits Willil'n 

unpul"ified tld.@tlyl ch loride Wila used. !rot' tais 1:eilliOO il sctudy 

of the conversion of these amino acids alone \oIas !1lil!GII on iii short 

.2' x i" 1% carbo",ax 20M co lUllltO. 

In this experiment tbe use o f unput'Uied F1sher thionyl 

chlo:d<!e wall cOlli!i'illred with Fililher thiou.yl chloride redistilled 

from quinoline and wasbed linseed oil. A sample cont~1n1ng 5 mt 

of each amino acid was esterified ift a 100 ml round bottom flask 
( _4°C ) 

in a ,",old ba.tll/with 4 IIll of eitlul'Il tbe redistilled or ullpul'ifie<! 

th1ony1 chloride iii. 20 1111 of dry _th,lIlO1. the fla$\t" were then 

heated to 40°C for 2 hoors in iii silicone oU bath . After eViI!IOl'-

atiOl1 011 Ii rotatcn:y eva·porator _dell' neaative pressure at room 

t~rature. 3 m1 of trifluoroaeeti~ anhYdride. Was added and the 

flllO"'''! allowed to stand IIOt room ti/!!:!perature for 2. houn. After 

re_val of the excess anhydride by evaporation the find de.riv~ 



'-", ~', \'~,~:,:~ /, 

TABLE 1 

Ill.PURIFIED 'ill> WA'l.'Elt-CUAl 'l'nlO"INL cau:mnm 

h1.1~§:.I;~d 

to P3 ~f ~3cb limtQO acis 

IWfESltATOll UNITS 

AMmo ACt!} ey. Val Leu A$p Set' Tyr Ilillt: Tryp 

h'.ITEfWA'lION :II; lliO 640 640 640 100 160 tlG 100 

UI'U'IliUJ'llW 
SCCI:! 4 & 9 i 30 5 I) 

IJIUi'II1Ui1:Uro 
~1:t (j 9 11 ., 

" 3\) 8 I} 

l'kIaiill 6 3.5 10 i 2 lQ 6.S Q 

Wchr-Clll'311:' SOCla .5 9 U i " 37 16 18 

W$t,r~Claar SCC12 '1 11 12 '1 4 33 HI 9 

Mem: 6 10 11.5 ., 4 37.S 16 13.S 
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atiVe8 wen dissI>lved in 5 lilt of dry IIlliIthllll1Ol. A '1'01_ of 10 ",1 

(c@l'Itlllinin& the derivative obt<1l1n&d frO!!! 1(1 l1ill of each amino add) 

well' injected on!:o a 2' " %" 1t Carbcwax 20M eo1_. The eltperi~ 

I!!.ente vere l'Uft in dupHcat.e. 

The results at'e given ~ ~able I. 

TIle peaks due to !H!rine. tyrosine, hbtidine aud tryp­

tophan shoved 8n increase fu sig" When water-clear thioayl chloride 

was u&ed. 

(c) ~timum Te!p!ratura for the Methllation of Amino A~ 

Several experilllll!nta were eattied out, aU_ing the SHip IeII' 

to stand at room temperature ov.umight (Le . 26oC-16 hours). 

Procedure 

Approlt1fMtdy %0 1111 dry fM.tlluu'tol Willi added to 100 !!Il re_ 6 

hot tom flasks containing 5 lilt. of e.iil<!iI amino add. 'llle flasks 'Were 

tben placed in a cold batb and 4 a1 of "Fluka" water·e1ear Uid.cmyl 

chloride added drop by drop to the lllecnallol. the flub Rn 

stoppered with cili l.cium chloride <1r1inz tubes "nd .,HOOfed to "taM 

&1: 1'001II temperature for 16 hours. The eont:ents of. tbe fl ... sb waft 

theD. evaporated under negative pressure at room temperatura. 'fr1-

fluOl'oacetic anhydride (3 1111) 'WI9 added and the flub aU_ed. Itl;} 

stand at room te~rature for tilts hours lind then Evaporated illS 

before. TIle eaters were dum dis_l"ed itl 5 IlI1 dry methanol lind 

10 III samples (equivalent to 10 11$ of each amino add) itljected 

onto the chromatography columns. 

This proeedure. witb variations. vag use~ ia 3ucceeding 

expedmeutg. 
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A i1;;mltM<rat .. "''' .pmt~s~ 

~~p'erlID~'§,ttg %Y8:?,t£ f£"\U:"& $t; t* .~&i.~ 

be obtai i[l@~ 'lit tl$lllp<i!r at: m:'" • Tw&:'",,, 

_...,1",,, ",_1:,01%\1"$ 5 • of <il!l~ i1!!/lA';""" iiJ,d;! _r", ""l>jOlCt>l;! 1;", 

en" ~rQC"4ur,, d"rcr1b",d on 25 • "t f~r 2 h~r". 

~ctlr Ml <i"en ""~1 .. ~"r 1l>J<iCI;"d _t" " 
20' It: n. Ca!!'ixNal!l: :10 M eolllm i1!! :It \" 1% Cm-bllWi1!!l!l: 

20 Ii ",,,,113m <1$ Mfor,*. 'tI>e Jr<!C!!ultl1 al'<fJ li3tii;d in T"ble 4. 

\Ut~ <I few ":11,.;;""t1_" ".g_ 1,<lU;", a ~\IMlt<ilr fNWi'lf$!'fIfll-

dw::ibiUty Will" ",bl:4iiI'l,,(/ ,~t 40@;: I:Mm ifrr"i""M~ !ili)!;p<l!riil!!iI:H;:a. 

!"t<lrificat1_ of I!!~1n@ ~"" at"" tried iu t~ .. 

cllll<1, U<»C}. tiJ:; jlI!u[1mi"", IlI'li)' hy«", 11!li1l! of il!!ithyl "iiJti!!l'1ll 

my@c,eU1f. 

~ $iIIl!iIl'l"," @acit c~IU;laiu1l1;,. .') q 'Of €!llicll "'JIIIk-m ~c:l.<i 

'iW'@l'e tzaatlll<,l 'iW'ith tIlJ.@!li"ll chlGride and jlI!iiJtllalll.@l illl the c!'.Ild 

(l&e) f~ l%) II_rill aud :IfJ It_I> zliirllp<l!'H;hdy bQfon lI<itli~ 

t!:;® tziflu",z<»i!!c®U" anhrdzidl!!, \1tHnw1:i1@ til", pli'~<td"ri! q$ .:Jill 

:II 

'!"bl", !i. 

00 Plillfl 25. Smaplu.fi! 10 ,.1 W!!I!:'i!! injllcte@ _to I!i 

C@r~~ 2~ M CQtuoo. lin li1llt<J(! ill! 

TyrollUl!l. h1l!lti.diuiiJ aoo Uypt.",fE IHra 1_€J% ti;,~~ 

pnviooll'l;y (400 e for 2: !:IQurs) WOliMl Willi s<'lni<l'ld 

!:>l.>i: in ;;;!'.Iid. 



TA~l:.E I) 

OnnllJ1lll ',I'l}<.E FOR mrl.rtt.~'flot~ AT 40'i'C 

lnj (4C t.!!!! 

10 " 11 of IllI;ch amino 4d.d 
I!;''1'ltlAlIA 'Wit UN ITS 

116 ... 
AMmO ACIlL. __ ~ __ .~s llliIl ALa .J.eu ,,!,l,x_.~~,...l'b:.!!.....J1!.L.§»t _~hf! _.,~r At&......!U ~a ,l'l'L~",~!' __ ~:a.t 

JI'F'.tENt1A'1'IOr~ HiO 640·-M-- _______ -~_ .. ___ ____ .. ... 1{:;() 3:tO .-----. - . - 16Q -----. -----.. ------- ~lQ ltlO 
_....,._~,.,._,_,, ____ .._ ___ , __ """'_..,_~ ___ .... , ....... ", ___ , .... t:o>._,,'.. .._"'~ .. _, __ ,_, .... _ .... "'~ __ ."""' __ ,_.._,_, ... __ 

40'" C 30 lWiii<l. 

40°c 1 noult' 

40°C 2: 11')1111'$ 

400c 4 hout's 

40°C 6 bours 

40°C 16 l:I@un 

41l'c 1\1' hours 

(I 

Q 

4 

7 

a 11 

!i 9 

I) 11 

6 $ 

5 !:l 

10 )\ 

10 10 4; $ 

4 

S 

1S 11 5.5 11 6 

13 U 

l5 10 

t4 10 

4 

5 

!i 

l!\ 9 4.5 
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z 7 
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.. 5 .5 

I} 
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U 1.1 

Ui 16 

l.3 14 

12 14 

12 12 

U 12 

2. lO 14 
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:u " !:l 
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28 4 " 
23 .$ 4; 

23 :3 l 
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(d) Optt.um Time for the Methylation of ~o Acids 
at 40De eDd rooa te!2!rature 

a..l0& verifled 400C 8S beiDa the opt~ t • .perature 

for the _thylac.1on of aa1no .tIcids, it uea DW neeesaary Co 

find the opt~ time for methylation at 4OoC. 

" ursa nullber of expel' WIlCS v~re urI' ted out in .. ids 

the e.ter1fl~at1oft step proceeded at 40°C lor various tt.e ta-

tervals . the data &ivan represent the .. aD values of tbese 

exper1aents. Tventy ml of dry .tbaAOl was added to 100 a1 

round bottoaa flaaka containing S .. of eacb aatno acid. '!he 

f13sks were placed in a cold bath (dry iee in me~yl cello.oive) 

and 4 .1 of Pluka water-clear tblonyl chloride added drop h7 

drop C~ tbe r:uethana!. The flasu were stoppered with calct.U11 

chlortde dryina tuDes and placed in a silicone 011 bath at 4()OC. 

The Cilia lnterva is for methylation at 4()Oc were: 30 mIlS. t 

1 h~rt 2 bours, 4 hours, 8 hours. and 16 hours (l.e. 6 differenc 

samples). Anothe~ saaple vas a180 methylated at 40Pc fo~ 19 hour • • 

'the contents of tbe flaaks vue then o"apor4Jteci on a 

rotatory evaporator ~Qder negat1ve presaure at rooa temperature. 

Approx~tely 3 ml of trlfluoroacetlc anbJdrlde vas added and tbe 

flasks left atand1ns at room temperature for 2 bours and thea 

evaporated aa before. the derivatlv«a were dissolved 1n dry 

methanol to a volume of 5 GIL 10 pl samples- (10 pam of each aa1a.o 

.:!cld) were iaJected onto a 20' x %:" It Carbovax 20 !oS colU1ll1 to 

separate the aaiao seide from cystefae to lysine and onto. 

2' x .ttl 17, Cal'bow.:lK ZO H colum to sepuate tyrosine, histidine 

und trypt,;phan. 1he 400C· ... 30 1!liG. sample was injected only ento 
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" 2' )!. ,,"" U. (;arb_,n: 20 If coll>_. 

The llII!,,~ vlIllMls in Table 6< ,",'U'~ Gllit.lI1.ned fer a i1ul!lli><!'t 

(If expert.!llIInte at the time i uta!E¥;;b given. 

AU of thil amino ac~a !ENd! die,£r w.~~ilrul2 pedik arell 

,,1; 40<>C~-2 hoor". ,11th pr~lcm.<il h@Cttin3 at 4ij<CC there 1.$ '" 

<i!ecreiiJse in tUit p;;ak ilrClIUii tlf $<1<",,,£; .. 1 liming aciG",. l'rolinili . 

lysine. hist 1611'101 and tryp{;o~n shGli1 t.! III!Irked deCl'ell841 in peak. 

&be. 'lib!! reala IU."sinine and hydEGlI)'p.l:oHne show II slisht Gecrll3M 

tn peak el&@ on prclon~ed hellt~g. 

Methylation lit 400(; for :1. hnnre 1.UIS therefore used in 

",n glAlill~equent e~r*!lts . 

Since it we found c_v;mient to estel':!.fy all11'lo acid" 

",I; a-_ e:11i1~lr Slt\i!ltfZ o..rerniglat . A ti_ II<t1.l4, WSl$ thell'id'(!u {!_~ 

.mctl!d on mIItbylaUon ilt r_m t<li~el\'atu'te . 

~ proceciure 0It page 25 was folli1Nsd \fith the exceptioo 

til",c: <l!sterificl.'l tion v<le carried qut: at r_ telllPlIl'aturll (2:63C) 

t he fCl>lllWitili\ ti!lll: intervab: ;. I!Gmt. 11 hW!:';II. '* bou~l!. 41U<il 

16 hilure. S_ples of 10 111 (etmtdnins 10 pp of ud! &\'!!bw 

",dd) "'ere injoe.ted onto 20' x it" 1% CarbO'll!!: 20 ~ coludu; and 

Q~l;e 2' I¢ \" 1% C$rbowll¥ :W M eoluiI!I1a. A 10' ;\\\ \ " 1% Car!lws:!! 

lSI,\) co!'v_ WIM Sl150 used to Ileperlllhl tall al.anlilealld 1I!ol_eiu#.l. 

The !.Illiin", adds 8Um<! the lar~e .. t: peak IiIre"s at :.liCe ~ 

16 hout's. However there is a gJIP betweee. 4 be-drS 11M 1i l:1.out'_. 

wrin,& thiB ~tervd cOi!!pl<tte !lstlil1'1t:1.ctition ","ld haw tabu 

pluce . For c~v!lni!lnee it ~!le found ooost euit!lble to let the 

eScterifieaUon t:!Ke pillee werl!iipt. Tb<! p,ualt areas of all the 



'rAl,ll.,ll: I 

onDruM Tlh1i: l Oll. MEtll.'l'LATlO);? /II'! l!~ ~lJ:!lAr!ill.n: 

t hl!' r'''$uitll ar<; t"bd.jj;ed :h' Ti\!\Le 7 

,1n le~ct;idt 

10 ~l!l) illicit ,1{jtl.llQ Ilil: 1d 
IN'flWMTOll UlUTa 

Ali!!l.Q.l~\'dJD •. ~ __ .£t'L.J.!!..t._.J' loa • :I. 1~!!. L(j~L.J; ill: _J);" .... .J!.l!L .. llw~~._Ei~_"\U.'!.i;,. .. .J'.b,!}._ •• @,:t"_,.~K$ic".Jln!. ... _J!.:v..~. __ '.l;X.r:,., ,Xl~~.~_,,lr12 

AT1'!!:t<UA!10ij 160 640 - .. . -.---.----------~------- . .. - Hta ---------- - ----- l~O ._---- --------•• - - - SO 16t} 
-~ ..... . _ .. _--- .'-- ,, ~ .. ~. . , ---.-., .-_.... , ... 

26QC 1 b«lul." 5 2 2 I <'I l 1 2 t 6 5, 10 0 0 eo 1 1 0 0 

26i1e Z noun 4 6 7 4 U. 5 ~. 6 :I 10 g 15 1 n 10 l 2 0 0 

26°(; 4 lumn 1.\ 8 8 $. S U 1> 1 \) j n 12 :n :t 1 U :1. (I 0 tl 

26° C 16 llou1I.'Il I) 10 7 1.< n 5 10 6 '1 12 12 U .4 it 15 " 30 9 8 
---, .. , ..... ---_ .. _-_._' .. __ ..... - -- - - - ---- - .. . - ........ ~.--..-,,---

~-
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amino acids <lllterified at U,oC for 16 hours are with the ~ceptiolt 

of tryptophao, ap~"1£1truotely <l!qual to the pea!:: areas oDcafu@d at 

4{)°CI the results oo tsined ""i th ei ther of the two methods _rill 

reprodm:ible. 

(e) The amount of ThionIl ChlOride r<l!,!u!r>l!d to react with Methanol 
al1d Amino Acids for the Maximmll Methylation of the Amino Acids 

Having obtained the optUn~ temperature and time for the 

methylation of ~1no acids it was now necessary to find the 

opt:lmt!i!i concentration of thion,,! chloride required for reaction 

with dry methanOll fOlr the mQXUnWl methylation Olf amino acids. 

A constant volume of dry _thanol (20 all ) was used in all of the 

experU!lentl!l. Again t.he criterion of lll&Xi.Iirum _thy letion was 

"Illx1mu!il peal< size. 

Approximately 20 ul of dry methanol was added to 100 1Il1 

round bottom blasks containing 5 G3 of eacb amino acid. The 

flasks .. ere placed i n a cold hath (dry iee in _thyl eellesclve) 

and tae foUowing volumes of water-clear "Fluka" tltienyl chloride 

added dropwise to tbeir respective flasks: (}. , ; mi, 1 ral, 2 IlIl, 

4 1111, and 8 mI. The flasks were thell stoppered with calciUlll 

chloride drying tubes and placed in a silicone oil bath at 40°C 

for :2 hours. the contents of the flesks were tben evaporated 01'1 

a rotatOTy evaporator under negative pressure at room tllfllpereture. 

Ap~oxtlMtely 3 at of tr1fluoroacetic anhydride was added and the 

flaakll left standing at room tllfllperature for 2 hours and then 

evaporated 2S before. Samples of to IJ-l (equivalent of 10 jLg of 

each amino acid) were injected onto 20 ' lC 1/4" 1% Carbowax 20 M 

col_II and 2 ' x 1/4" 1'1. Carbowu 20 I!i cohlmils. By mistake the 
, 'I... 

8 !lIl tbtonyl chloride sample was injected onto a 10' :It 1/4" 1'1" 



TAnt!!: a 

OPTIMUM 1I'OWMlt OF TlUOlfliL CIiWaltll!: lOll HRTIIYtATI,ON 

lnj!cted: 

10 !;IS of «llAeh amino Ilcid 
INTEGRATOR UNIT$ 

Heu 
~l.!~.}Q.tns _"".~ __ ._.~.i!L,l.tl._htll LI!,'L .. 91l. ri?Q_._'l!!.itJJ.!:F'£"'~J~~, QJut "h~ sl!ll'.....AtIL .. J!lp_~ll;!.,. H:i.~. l 'l'Y\? 

A~\lTibNU1f\t!ON_ ':~ __ JPL~.::;~ .~ ... -..... '"',~, ""~"';: .. :; ~- :"'.:;.':. .... =~1l,_"~,20 '"'::.::.:",,::,=_"':._JJ»O, ::;,::.::::.:;..-: ... '''' .... <h" ...... --;" :::-_.M'~t!9~.""',,"'J60, 

O. !f 1111 3001.2. 0 1 S 4 2.5 3 1 0 () 

1 ~;l :,OC12 2 " Ii 91 It :I. I. II 
:I 01 SOC! 2 4 7 a " 7 it 4 1.2 ;{. 
ill 1111 S()C1Z 5 10 16 11 !l it) :> 4.!i 13 
Il 1111 BOOla 4 a 12 12 {; U 7 ~~~ 

,--~----"-- . '--.. -. -------_._,---, 
TABWl 9 

HI "'8 of ueh 3Q\iuo ac;ld 
!NTJJ:GlU'l'Oa mm:S 

UIlU 

~O ACJJL_ 9!'st; Vd Ala IAI' .. G1L l'1"G •• _Jll'I'_.,J:l!.!r.!.......I'!!JL_~!._J,!l1! .. ?I!1"_.~f..~ t1ll' ~.:.t.II.JI.L-liJ.IiL.1!Y.e 

~nIJ:NUA'l'Io!' 

Method 1 
M'ltbod U 

~ 160 640 ......... ""' ..... "" ..... - ......... ".,.- ~"',-"" ...... - ...... , ...... ~ 160 )2:0 "" ... ' ....... ' .... * ...... ~ .. l~Q .. ' ......... - .I'''~ ..,. .......... '''' ... '''" ... .... ''', ... ~ $@ 1«.1,0 ,"""--,-,---- , ----, ... --_._. __ ...... __ .,--'..-.-----...... ,.".,---.".,-_. ., ' --.. -~"""""""""',',.----

4. 10 14 U 5 . ~ W ,$ 4, 
(l, \I 18 10 'i,.S 9.5 5.5 5 

14 
1 '. ,./i, 

12 23 4.5 3 17 1.') 36 HI 
12 24 j) S 16 11 311 10 

12 
is 

~ ... -.- ~'-""""-"'----"' ~ _ ........ _--_ ......... _,._--------------------

'..,. 

,. 
~: 
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Cl!r~alt 1540 column inetead ot the 20' CllrbOOalit 20 M colU11l11. 

Sin"", & nucller of e:l<pe:timnts were clilrried out with 

va'r:rit1~ thiooy l chl~l'ide concentrati_s . the r .. :;u.lt& Usud 

in 'tahle $ represent the man values. of these e::<per1muta. 

Thull ill a lnse increase in peak s.i:e lbr aU uUW) 

aciQ~ between O. S m1 and 1. ml of tbiaayl chloride . It is 

:I.nteresU~ to note tnat !ds tirli!1<1! .lind t r yptophan hwe re1,,:hed 

I>\lixiiI!wlI peal!: areas at 0 . 5 ral of t11104)'1 chloride . All of the 

llll!UtO "cid!! "l.Icn their optilil'lWl' P$sit ilIt'e,,!! at: it wi of tlli.onyl 

chloride. There is II sharf dec:reaH i.n the she of the ~au 

<I"", to t yrodlU! . his tMine and l;J!'ypto:l>pi'l<lMi!. at 3 ml of t l110n11 

chl<n'iae. 

In early ®"'p61r illMlll:h th$ thionyl chloride WllS El~ded 

fire l: te th;j, dry IIlethanol in the cold bath and then 20~1S 1111 

of thb mixture ""ail ,u;!cl.:d lOG the amino .\Idd m:b!:tuTE. By chill 

method, $~ ~f the a~ne a~1ds gore difficult to dissolve and 

"',,,cllau.i<::.al !!lIl'ans had to be used i:.WJ gilt tilalll iate 301ution. In 

=l<Ie1' to dis .. olve the dry al!!iM ad.d& it wall foond Ildvanta~~ 

to .IIdd eh", dry !!lIl' t itanol dinel:11 t o the amino add ~xture lind 

thea add the thiouyl ehlcride drop by drop to the methan~l. 

1n,. <imino acids vent into solution .men only 11 f llw arops Gf 

tiliooyl chloride had bean added. "Ihe lI'<.!:;uit& oh tained from both 

_tho-os" uNd Methods I and u: rupeetively, ~I.'"a ver:y silailar. 

These reliultJl lire lbted ill Table 9. 
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'fAIlLE 1(1 

VOLU}$ OF T~lFLUOROACETIC ANHYDR IDE 

FOR 

HAXl¥:l)li PltAK SIZE 

In.1e¢_~e<i: 

10 pg of @ach amino acid 

AMl!!Q ACID _. __ G.I.!L....J'J!.L....J.,,'-I ~_ Self ......lYr Hbt: TrI!! 

AT'l:'E",UA nut. ~ _. ___ 160 640 640 640 16li 160 60 16O 

2 IIll TF A anhJtdr ide 5 11 12 1 l.S 30 14 12 

3 1111 '!:FA anhydride 9 9 11 S 4 34 13 12 

.:. lilt TI'A "",byd!: id~ i.I 10 6 ". 30 15 16 

;, m TfA anhydride ;; 9 'f -;c 
~. 7 " 37 16 9 

6 ~ l~A anhydr ide 4 11 12 i 3.5 33 S 16 

a .ru. TF A anhydr ide 5. 5 11 to.5 5. 5 :3 33' 0; 10 



2.. Ttiflt!O:Loac$tyl~J;i.G4l rJf Metbyl ,A~Jnc Acid Jt:stars 

(a) 

W~?€! ca1l'zi€4 "",I: 10 ~d.eh '1".1_$ voltlli>llw 

iil!f trUll$or""llcwI:I", acb:;o1ffid" li'<!l'E<!l n'H1il! t;!!,,1! t!tin''')l1l1Il!ac€!!:Jrht1_ 

il:!>f atil,1 !I1minc acd.d €!lIt<!l1ffllt 1.11 an Ul:affifl: !:GI .I'm" the ""I:~ " •• t 
fQr triflcoro"eetyl€!ti_. 

App.exi_l:ely 20 !!Ii of dry ~th&nel ~a$ €!dd€d to 10~ ~i 

Jril:!>_d bott_ n""km ",at&i.&;bl$ :;:, ~ of .,,,ch 1111'1\1I@ ;;!c:l.d. A 'li'l:Ilu!iII! of 

>4 m1 1iI>£ thiofiyl ehi@rid4ll ",.,$ ~d<l<il(\ @riil!~ l!;,. <i:l:'e, to t1",,): atban@l il!ll a 

CGld hat.h. "nil! fl"d;1;I '''is.n t!;lIn l1.tl:lPpIi'1I'<iI$ vith .::lii1d",,,, "hlG!I:'i,oo dryi~ 

1; ... 'II>e& ,nMI then pb.::ed in a $dHenne oU bl!tb. at l;\\l<liC for: :? lum:rl!. 

c~ta%tt$ (Jf t~a~ w,;,g:e f,llen @'" ,;, 1:'!'§!:$It@r:y Il'Vl!pIi':I"l!t$:\" 

Ull~r ntf~tive P'r~s~ut'e at room t$~er$ttlr@" 

!11", fl!ll_i"'liI Vl>lu1!!lfw af I:riU"''''lioeeetie l!!l!II)f!irid'lt VI!!i<!! 

a!!!ilitd toe th<ltii' :l"elipo,;;t1ve !lulu;: Z ",,1, 3' I!).l. 4 llIl, 5 @Ill, 6 m a~d tt 1I!l1. 

"nIa flasks "'<It!:'''' then lli1it Ill:: r~}(It1I t<1ffif<1y"t .. li1i! 'ff.<'Jr: 2. U€!<Ut'f', then Il'Vlipli'r:-

i\\!;ec IlIIfj bllf@.",. Dry me:th"nal "'l!I!l ,,,:!dll..! i:e the Il'l!te·lrl! to ilj "'o1u_ of 

5 ml. A 10 ~1 volume of !!aeb samplll' "'/!$ injoetad onto II ~! 'W. 

.;;:.. "'" 1% 

Cm:d,,_~ 20 M eolue. 

!11ft ;r,ulu.lt8 sh_ :1.11 7.'111:;1" 11) ll'I!pIi'<I!sent the _an v/!lll!! 

of !loweral e~rimeThts C$~ri@d out with ~~~1iThS VQl~$ of t~ifluQro~ 

acetic a~ih1dricl~. 

'fIle ',ml_ <:If tr1£lw)ll"oilt"'!ll:1c anhytl1:'i<llll ull Uul" efflllo.1: 

on the ~&k {~r.,*~(j~f th~ i$!~hlo ac id$ '" itkNnit1t vel_s of trinuQl.'@~ 

$!icet :.tc i<;$,($ $;0 ll1%"!CJfe,$: ~4$ ~~~~& ~f ~i$tidifi~ 

t!:ypi:l:lph,,!!t. 



TAB1.e n 

OPT ItlU'$l 'tItl!!: 101, ~'lll!'I.!!OROt1C"~l'Yl.J\t tOll 

01-" 

MRTIIYl'.. AMINO ACID lill>'i.'itRl> 

l!li>ilQ&:~.!!.1 

10 t->Il of each <lld.no acid 
mTk,:(~RA'I.'OR mnts 

AHIl'I() A/;1)) 
........ ,._---- 9111) VaL.A,ltI 1 tau: _Lell ,Gk. ... Pr,,_ ... t,!'Ji!.......l).E,!L~3:!!L.Ql\!&~~"'!t.-!U......!!n!...:..~.!~_~~'I1.1J! 

~\!&ll9N :It 160 640 ...... _ ................ _H..,_ ..... ,""'._ .. _ ..... ___ ... ___ .. 120 320 ... ---.----..... -----Q 160 ~ ~~-~-~~~~ ... -~ -- lJQ 160 

1.$ mina. 0.5 7 !l 7 1 3.5 2 .. ., 4 1.lt 11 13 l 3 U 2 30 I> 12 

30 minG. S 10 1 10 n S 5.5 ;:. 6 12 12 ill J .$ 15 ... 33 10 14 

1 lI,nul' S 10 7 to 11. 5 7 I) 6 12 12 24 4 5 l.i' 8 35 ~ 16 

:2 bou't'~ 6 10 8 10 1'" t. 5 I> 6 !l 11 U 24 j 4,,$ 141 1(1 36 9 111 

:3 boun 6 ',5 1 !II 11. 5.5 10 6 <4 U 13 n 4 5 III 12 J4 10 l' 
'* h"llrll 1 11 7 $ U S 10 (\ Ii 9 U 24 1 i 20 Il. 35 it 14 

16 hourll S '} 7 9 U 4.5 10 " Ii 11 12 24 .. 4 IIi 10 32 U iJ~ , 

:y 
}. 
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(b) O~t~ ttl!l1lll for TlrifllWl'oacetylattoo of lwthyl 
~~~~ __ "At;;Aq_ &$'t$rs 

The procecfure de~rifo." Or< ~"ge 2S "8:8 useil for 

til" ~sMl.'ihc<lt:iOli' <JJ1; litifilimo <I.d-cis, J;wro:g~tely.3 .. 1. tdfllW~ 

roa.:etic:: li!l'1ilycirlde ""S &o<l .. d to til'" s<llil\pl .. g and they 'lieu ldt 

I/!; r_ t"'!iip"l'ij'"ture for the foU_iui! U _ intuvda: lS mil' • • 

3G min • • 1 lioll!!". 2 noun, l hour", It &ours <lnd 1& noun. The 

tl1i~le$ ftl'~ fivaporal:ed litnd l:iulI~ ,';lbllolvI'ld in dry t!II!til"nl'il. to '" 

voltll!llt of S 9i. i!;xoetly 10,.1 si$lII1Plell! vere injected onto tIn" .. ", 

cotur=s ; ,,20·,. ,j;" 1% C"lt'bowu% 11:1 *. <I l' :It ~" 1'7. ClIlL'fwWiIlX 

20 )Ii «Ud ti 10' :Ie ~" 1% ~roou" 1~4u eol_. 

't'h41 l.'lflWl t .. ift table n. ir"Fii!$ent the IllIHlln values 

of 1$"", ... , ... 1 #j"'P'lIO' ........ 1; ... 

'fri;;C',loraac<ltylati<Yil lrfl<lc:hes " maxl._ attur eme 

hour <il; r_ telllFft\lItur", €l.J<t:oJ!r ~htcb th"r", is Uttle Glma~ in 

pitak <11'41118 over l'! period of 16 bou1:'s. 

1.'h .. reiore '" vol~ @f Z-S mb of trif1uoroa<:.eUc 

anhydride at r_ l:eillPEr.ature for 1-:4 iiOw:'l> 1$ .... lUcient for 

l!la:od.1!Ili1ll peek dlli" . 

3. the Kffee·!,; of 'f1u~ an Standina in t"'.e Final SO'lvent 
_~(I!lMi't~U_~ ~~k Sue ______ . __ _ 

lo'hel!) the opl;:I._ ccmdU:iorui for formation of the 

amino .. cid derivatives, give", 1a ~laU in the precediq Mctiorui. 

lieN adhfJlteG to it wae frelllUendy observed that thil peak aril •• of 

1/._ of the aGttlao sciCli were not ab,aYII at their lMXilliiim. nb 

was _ly t~ case wlte'''' the amino acids were injeeted shorl:1y aftitll." 

diIUI<Jl:villi, in the find solvent. If tne IUImpl.ee we!'e ldt !ltan~-

illS ovElll"nipt at r_ telllpt\rature 11M thea injected oute the 



ttn1ZCTS OF StMWnro um; l'1Z}ill: nz& 

1,f\J~!.I' 12 

III.1f11>:tlld: W ~~$ ~f Illl"b $I!!ino /lcI." 
!WrEGRAr~~ UN!ts 

!leu 
. Qrs \la L.Jla Leu Glt Fro !,lIt "ht'liI Mwt G+ut . • ~e Su AiI'l!. I'fnt "%1\\ n 'lI _Hbt 1'tI L 

10M It 160· (;l40 -""' ........... "' ...... "" .... .,. ... - ...... "" ... --.. ....... '"'~ ... 160 ,, 320 .. · ... **"""" ...... _... 160 .... _ ....... u-"', ...... ,_ ""''''. _ ...... _ ... _''''~ 80 loO 
1:<1'110 tlm-l~--·"-i!f-'"i- "-·4:s·~·r~-:s"-t;·~-·-··u 12 · '--23 :; . ·If .. ··r ·T - .. 2s,··· .. ·4-·_ .. Tf .. ··· 
aero 1:1100 G 10 9105 1 · ~L • .!L._$ 4 __ .... ~._ .• ,_1,?........l.L._.31, _L-L .. ,! .. _ .. ..J..l.;'?:.......1.~ •. _ •• ,~._ •• _,lL._. 

Mean: 

16 tlours 
16 !u,ur& 

M"l,lu: 

1. S ' . 5 12 at 4 .5 &.5 4.5. 4.5. 11.S U . S 25 1.5 1 1.5 3 n 3.5 15.5 
~~~.:M;::,wt~~=::;"'Wllll~Jt.~~~jw::~, ,~,_ ~,~::r~~~~~w.::t'~~((r~~;;m~':ti~~~\.1\lI.~·<r;;:~"(i;X~m~::am:\l:A~~,""=~.;iI: 

4 8 13 8 4 <) 5.5 S,li n 12 2.1 l !i 11 S :n II 18 
,.J_._.~._,._.J4 11:._,.2 .. _1g __ •• ~"'"L6·L_M._J·J.. __ •• _.l!.P~ .. _L .. U .... __ ' __ J.!, ".lL_ll-

:::::5==8:::=.5 U .S 9 :.5. 4.3 J!~2._~$" 1.2 ,12.,:5 .14.. 4,,$ 1:1""..') 36.5 9.5 1~ 

'tABU!. 13 
1111l!..t: ~$.!!: 1O " jJ; fff each amino "dd 

U'TI!:GM1'OK !lNI'! !; 
Heu 

!i"l;tl!ro .;:'J.Q1Q ., , • Cu....., \fa t __ Ab I.ill,b , ~J;t. ltI!:Q .I\.J,2 ) 'II1'1l} Jj.<I1.~ . Gllle :l'he fJe;r ":rAt .. ..1!Y.l'!.-.~lf!. 
AmmMt!ON 1.,0 640 - .. - ••• - •• -.- •.• - ........... - 1.60 l2Q -·'-0----- 160 ..• __ .......... . 
;;;;;- t i.m; .. - --r ... --rQ'--U·-'"tQ·· ... -4:-3- 10 -"cr"-r-'-~r 12 ' 26 '""'T"----~-T· 
1 hC."lf "9. S 1.3 9 S.5 9 5 :> I. 10 n () --- 16 9 
" b<>"~1;1 .$ 9. 5 15 U $. ~, 10. 5' 6 :> 12 U 25 l 6 19 !i 
1~ bours 4 10 14 10 4, &.$ .. :u H 22 4, S 16 to --- :-.----,.--.......---.-..."-_. '--,-,..-_.,.,.,..,.._ ........ _-
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chr<>mtograpay 001_. thspeak areas of all the 8mllO sdds 

~ld ~each a dXi.1!lwll. The s!!Ii:aoac:f.c!$ that vere moat ;; ffiiil~ted 

~ ' stltftd:f.tll!i"''' aeriM, 3l'gitd,ce, byciroxyprGUne, lydoo 8a 

hist:i4:f.ne.,." aU have either lIJ4l'condali'y amne gfMlps~ i .. tnO groups. 

indQ>le , nit:rogeft ·m: hydro,.,! sroupsvM.ch .. igbt I.mMrgo ~ther 

_tlll/UUon <\>r trifluoroaeetyL!!lU_ 0>\ atlmdilt$ at ro_ t<i!!lIfe-r-

8 tnr e ill t:~Nl fioa! sol Vlmt. 

ThefoUOVing proc.eaure v.a"'used: approxtmaf:ely 

Zoml oi. m::, ml!t:ilamolwall placed iii! S 100 ml. r_nd bott_ fllillJit 

containing 5 mg ,of each a1ll1i1o acid. " The :fhsks WUE! placed in a 

I;101<1l:lItl1 'and ;4 ml of vater .. elem:",Wlu_"thionyl.eblor 1iM'added 

drop by drop to tlte_tnanol . 'The n<isb 'Were steppercuPwitb 

¢,alci_ chlor:f.de dr',i'inll tubes aM <placee itl a "iUcolle · (}U bath 

II.!: ~e for 2.IJOUl'a. The content. of tlteila.ke Were then 

@'allOl'ated (,ill IIrCI:"l:ory , e'l~'f_at!lit' at ',ft.Uve~S:lIureillt ' r_ 

t el!lPeratura. Appl'oxi_tely:) . 1 of ' tr1.fhwroaceUe ..armyfti.<le 

wilIs<lIdded t/li'thefl!!sks ,..aic!iWer<ll l<llft 'atl' __ t~rl.lture fer 

2 hours. 1he exeess anhydride was then na"orate4. liry' _ thelle!. 

wIIsadded to the est ers and the vo1_ adjusted tlO 5 1111. 

Dupl'icillte samp,les were carried ,thr.,l>sh the above 

procedure and exaetly 10 ,.linj ecteiH:mtoa20· x~" l% carbovax 

20 If COll1l1!«!alld al' x tT"'l~ Cerh_ax {lO McolUft'l/ Tha samp'1es 

_ re illj<l\etsd at zero ,U_i~e. ' !lmIediately 1lIf'l:erdiss9'l'l"inS the 

N-tdfluormu;;e"tyl all1iElo add _ thyl eater ill the' ary mtb.anol 

andagsin 16 houra tater'. ' 

• The' l'eGulta aM the 1III!anvaiues for the iMplicate 

8.11mplea at ser~ time and 10 hours: lire l1Gted in !1'eble 12. 
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Uli'art:l.i:: ac id _.. are aGe aiflletlltl by lI;t;an1iinl!; 1n the Una 1 

1llOItiulnol. l!'y the l:1m1! dlra!1l!atog)t4phy <m the eo1_ h I::om-

plete aU ttae amino acids should ~ e~le!;ely converted tc 

the d<lri'llati;r@aud elln tlwre:l'ore ba elu;omatug:'o!Ipl1."d (Ill the 

t'IIllMia:l.u& ra col_. 

4. Stability of II-Trifluorosc<ltyl Amao J.eid 
~thxl !tater« 

The samples used in the experiment above were 

lefl; stan<iw3 at r_ teaperature fer several days . The 

stability of the li-'l'rUiLuoroscetyl Etbyl derivatives vss then 

tested by ebromal:o~aphlng them after 8tsndina for S cayse and 

14 days. Exactly 10 1'1 sampl es were injected onto a 20' It \" 

1% C"rbO'."llt 20 M ",o'tuiI!In. TIl,;, .. ample injected ai't",r 14 days 

at_ding WSIlf also injectea auto Ii 2' x \" 11. Carbowax 20 M 

.. chum. 1;'b", results /lin listed in Table 14. 

:rhe N-TrifluM04cetyl IIIBthyl saine acid 4l1tera 

were 8b_ ... to bl!' viltry at.,b le after seandUt$ at room telllpell't1eure 

for a and 16 claya . The higher results obtained after 8 days 

are probably due to a pipetting error. 

5. Attempts to Aceeluate the Conversion of Amblo Acids to their 
N-Triflt.l<)l'oocetyl Methyl Esters 

Since it requirea up to 4 hours standing at 

r_ temperature in the fina 1 solvent for complete elfterif1caUo" 

of all the a.ino acids, attempts were ~de to accelerate the 

conversion of tbe,;e IiIl1lillO acid deri vatives . 

The amino acid der iVatives were heated at 40°C for 

'I. hour , 2 lwurs. :3 hours, 4 !lours. and I) h_:n in: the finsl 

methilUQl solvent. Exactly 1.0 pl s<llllPlea (eontainmg 10 11~ of 
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tljlccil am11lo lid.:!) "'~I"<iI injected onto a lO' x ~.. 1 % C"Ii'~ax :EO M 

"",lul'llOa dter iteatmt at ~C for tilt! tilMi :Intervals given ,,~ 

as 'lieU U at arc time. !he results l!t~e listed in Table U. 

ft.,re was an ill<:lreas<!& ill tile g b !$ of the ~ak$ 

due to .serf-ne, arginine, hydrOX)'pl'OUM. lysine. t)'l:oaine. 

bisUd11t0l and tryptophan after ll.eaUnl thJlt fiaal ester at 40CC 

which r<il,..::hed II!Iaxlm m peak ar'hU$ .. fter ,. hoitts. ftelle rell'ltlt. 

were the 8alllll' aa those obtda.ed at r_ tell1lP4'rature fer 4 hOOt's. 

!herefcwlfa. he8;Uai the f.f.rull est,lIt lit; 4GOC has lit tle effect _ 

acceleraUq tile eompleU esterlfieat:i_. 

'the ir,,:oarpleU eonverll1 ... a <>1 the amlao !lciee to 

the Hiti.d dell'iv$U,,~ wail _I: l!iQ'tt(;i$i!lble .all: 1_ 1>111111.0 add e~­

.. .,ntratUm&. It Vat! aotlc:ed that with 1111>,,11 ,,_t; of $1111_ 

4I.;1d&, "nell' Mtflll' l .. tiou alldavapor"t~. there WaS dv"YII " 

~U\id n.Jiidue resmin1lllil which ceola C!!Ily be r,,_e<l by he.tint! 

<It It nip te~aotura. !lim:e thionyl lZhlcw1<1e wail probably 

added in " XC\HIIl f:Q;C "stel'if1catton ;;;1 the "'!!!!lIneal:: ,,_Uftt;; Qf 

amino ..,c:l.da. the residue wa_ 111<ely e:l.mer lI'ulpiluroul< acie or 

liei. Wat er wali also a posaibiUty. fih re&iclue lZo<alci po",,1bly 

be intel'feriq with the further e5terU'icaUon cd these amino 

"cids. AU'.empts "er;; made to 1'_e this reeidue without harm­

ing t.h<l l!!I.Ithyl _ ioo add esters. 

The fir&1: procedure used wall to add IDOrG dry 

merMllol to the re!l idwt after l!!I.IthylaU_ hed oec,,, .. red (prooedure 

0\\ tollge 25 ) in an attempt to r(!!lIlQ'tIi/ ttw re$:l.due by a3aotroptng 

it. !he reaidlu ~¢y.ulsed in voltl111!e "fter ra-evaporatins it .. ad 

-'-';:,:,.:;-~-
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and in 0.0"",, e.as<!s it was eOlllpl"te 11 re"",ved. ll_"ver. as the 

re£;ults in T,.ble Hi "ili snO'", , this "1:.,,,,,,&u .. e "'"s not .nieces£;­

£ul ~ 

'there :b a deer""" .. in Jl'e"1!;. "l.;;,,, du", to cyst", l.n .. 

and" large decrease in peBk .. due to histidine ,.hen treated 

with dry methanol. 

Since "liLY cyste ine and histidine """re .affected, 

all atte!a<§>t WIiS "",de at heating the methyl esters in the second 

lot of dr y fMChan,, !. a l; M/'C ifY!: 2: bou!'!!. The result., tOlJjetlier 

""Uil tluat of the twr_ i proc<'''''''''I , are Hsted il.'l Teb te 17. 

'th .. ell:p"rUnent was not ".uccessful. there "'&/5 a 

large det(;;-r:e a,se in the peak ar~as; of cY$teine, thre.cmiue; 

hydroxyproUne. lysine and I!bticline. 

Attempt. wet''' \Yd., to s".,otrope with benzene after 

the W!thylati{)!l ",,4 .,vaporat1_ proceclnres or to dry the residue 

witb " th'lI!·. 

'l'he I;''''8ulte !pi tlMUIEl tlilO exper im.m.ts are 11111:,,& 

in Table 18. 

There is a eecresse, in the 51:1:.11 of the pesi<s due 

to cysteine. phenylalanine, serine, ar~in1Be, hydroxyproline , 

lysine, histidine and tryptophan when benzene is used to azeo­

trope the r"si<iue. Drying "ith .,tller ""all 011;;10 not 3ucceasf .. l 

.ain.cta the .... ak are"" of histidine and tryptophan were decrel,ule4 . 

Other experiments .. ere c&rr ied cut: in an "tt:<lIllPt: 

to accel%R-"te the este·rific<l t ion of aw.ino acids . 

A feY' drope of di_e!w~opane-- a "'.liter 

s<::"wni!&l!r-- IMII .,d<:lad to the f11"11 solve!!!: , in t he belief that water 

'/'- ."-')"~ 
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'wy be inhibiting c_pl@t« esterific<!I e:l.Oll, 

Di~thylgulf:ite l\ bgli.,*ved to b~ .J ~$$ihl£' 1,rtt,~t'·· 

_,Hl.lte in the _thybti<m ... ,~a"t1(m, W,,8 '>lI",d i,; ith<l? _tbyhtiOll 

of "iltlno adds. ~o llowUtg the proeedult6 descrihed on P"g<I 25 • 

VilryUtg a:_U of dimethyt.; .. lUte WI16 $dded to the tilton,,} 

cb lor ide - - md:han,,'!-+ <imino " .. id lIIix,tm'e. 

Fi,naUy.tlw esterifica tion ptoc"dut:'lr d<!scr!bed OIl. 

page 25 was earried ou t in th<1i re';ler"~ "der. 4 !Ill of Tr;iflu¢lto~ 

acetlc lI!'1hy<l1l."1d~ "'n ,s&ded to the ammo I!".id !!t:brtulr!ll, vllich ..,3$ 

t:h~n dt$solv~d by g~"'t1y heattns ,~t 4~C fer: a f'Z"" Inin!lt<t$ "nd 

then et!lncin& at r<l!QI<lI t"!1lf'<1r"ture fa-& 2 honrs . 'l.'h~ cont"mtll were 

then eVj!por .. te<l~>!. .;escr illled on ?"ge 25 artd 20 lnt of 01"Y _then"l 

p lus 4 ml af Fluk .. water-c1e"r Chic!!yl enloride added to the 

'''lSidue. The fhsk was the .. 11"'<5\:"d d: 4O"ic in " d .Hcone on 

h3th for 2 b.onrs. 

'!he r<i;;mlt" of tll<l iI~V" I.!lltl"!I~:t!lmlnt" ,;r& listed :I." 

'.1.',,1> 1e HL The Il!'il:i:ne "" 1<1 di1'~ ;tvdivec; .... ,n:e "'!-tr"'iilifl i::<l!iIf§I:'~ph'N! on $ 

2' " 1;" 1% C{,~i;;<F$"'~ 20 M colum. Only tyrollil1", hhtid1ne ae.! 

tryptoph,m derivat ivet; <ll'e recorded .. flo compered 1;0 the usu-al 

"sino &c'id esterific,.tioa procedure'. 

N~fle of the "Dove a~~r~nts WaS "nccell"f .. l. 

Therv Wa S e sharp decT~ase in peak heights due to tyrosine, 

hbHdine an,d trYl'toplum, with the largest decrease occurring 

'1<;1)"" " t r J .. nllorollc<i!i:yl"i:i01!l ~Ms cerrted out; fil'St!:. 
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In til., 1'l:''''CC,U!>lliil !!!!ct1w!l1, tile pl\'.,el!rd~1lC1f! f ot' til" e-.,rers!w of· tM 

';!iiI:ilw ilIdc!. int" volatile <l~t'l'Mti'lNHI !!lAit,lbtlf! 'lorc $l'S dU'_!1:~lIlI:'i!!l'h,. WIlS 

.;lise_lied. It b 80""' "ptlropl'L!c!:a tt> .:!"scriM Il~Ti_ntl! to d",!;"rmine 

.0!'1:Um.l1ll .umdtUo,ul fC'r th~ Seplll.'aU_ of eMS>!! der:lvativ<tll by i"11 Qh1l.'_~ ~ 

t~ra~y . The "d'EeUo~ of t he U quid ph"S!!!! <lff:ldent; lit!li'II'i!1<lU<m. the 

M a t teillij>eruturl< I)!ro~ralll to 1t!!"lw!! amino ,!cii:ls all a llat'iticl:>Lu: .:",lum, the 

~U!Wlll flow rate of caltrier i"ll through tbtt c~l_ and ehe direimsJ.ons af <1 

1:€1i>msa have d 1 b<!<!!"" &1:»0:1.<14. 

1< G~Nl!aAt. p,rnCllll>1Jruf: lI'Olt GAS G!i"JKll'IA'WmU!'l!IC Srr1fiiU':t'tofi 011 lFf1?A l'l11'nM. 

OOR!'lA'nV&S AMINO AelOO 

!4~Tl"A ~t:b11 1>",1<1" .<:1111 </$1:,,1'$ Wit'1i j:l\@l:'",<$ !:I1the mllu:bioe 

de,6·cr ibei!i un p~a~1t 25 W~lt~ separateJd In%4$,tctite fo:ll0!lf1UI chromat .... 

~aphic ean~1t~5 ' 

1. ChrOil'<Sto,wJ!J'.h 

An 17 1& H ill'itdd 1Zfj du"l ccln!m F!:<>g~,,_d te_ll'~t<lS:;} 8<1111 

<:hrQWSt"'~/Jli>h ",.ui~l';ed ""1t1l " e"llIjXlutur" !'t'~~a_r wi t h >Ii t;t_II'* 

a ture rsn~ from O.SoC ta 30Cc pe~ m~~te. 

2. l)et"c!::~ 

f! '" H !M<!tl:t hy!lr <>gen :i»iIUI$t.ioo >!letlRctOl(' .~tI:.acb~ 

Imnt (jp",II'~i:<l d at UO 'IIt\1u; 'ilith !l pl£1:i~1II rii18 coUector elect!.'''. 

lh:1t t:;y~rosen nnw 1'"1;,, ~"Il 65 !!iIl!!:!in. "n,<! i;.be I1U fl~ 1'3£0450 mllmft. 

';,:,,',-

, 
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;3, TeMperature.", 

'The f.njectiG~ port t~fitperJttur'e t4as; 30·50C and thvJ ~loc'k te~ar­

ature (detector) w",. 21l0<>C . 

4. Recorder 

A MintleapcUs-Honey>.i" H. Bromt instru!fii!t'lts <liv. Elect;c<:>nilt 

_del l~H ~ic:h a conU_ous balance potentioo!eter . It haa <Ii milU­

volt range of -G.:W to 1 millivolt, " full lie",l" l>"hnca ~"""d of 

1 .second ",!.til a chart sll'",,,,i o f 1 ineh/4 mblutes or "pproximately 

6. 25 em/minute . 

S • Co l ull!l!.s 

Tb:-ee calwsms 'W'ere us~d in the final 8ou lysli!is- a 20' x ~H 1% 

Csrbow,,;s 20 It on diatoport S (1l0· 100 mesh). II :2' x ~" 1% ;;::arbovax 

20 M on disl;GpOl't S (SO- 11.-0 mesh) and a 10' x %,;" 1% CarlXlwax 1.540 

column on diat .... 'Qrt s (iiO-lilO ~sh) COPl'er or stllin!e"" stee l tubing 

1. D. :';" was used. 

6. Garr 1er S&S 

'the (;;a rr i er ga$ \fha' ni<:t'ol1."n with <I flo;;' ... sti! litjf SO ml/mi.nul;e 

for the Car bo ...... :.. 20 ~1 ccl~ "ftd 50 ml/minut<l! for: t he Carp.<ma:r; 

1540 eolu_s. The pr'iHu,ures a t the inlet and cutlet were 60 psiS; 

and at_scpherte rc"peet;l.vely. 

7 • Temper" tun prove allIS 

(a} 20":": t " l.'%. C~bO'MX 20 M 

'lhe s"'!llII>l.e was injected at. " Cl}lulm. t"~'li"'r"ture of 

aooc i1nd tiw ""1",,.). hi!' 1<1 itt this te!llll>l!<r atm:'" !I:(/}!!: 24 w.iIliutes . 

the te~rtitwce wns toon prol;l1'",_d to ~illfl 5"'!minut il to 

185°C. The I:,,~r"tw:''' was be 1d a!: lSS"'C for 30 minutes . 

tlfte.%" which ttma tha t,mlperature Was again pro~"_,,d to 
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is ra i.se-o to 11.0-cC ~nd btS hi r{1;1: 16 11lil1lJ't:e~ ; the t®ft<l}e'ratce 

is then prcgra&i1llh} tc rise lO"'!wiaul:e tQ 26oo;:; ·270"C. 'rbi!l 

program is icie"l f<Y!: a rapid .wm-qua.ntitattva ideutiiicati_ 

af all alllino ac1,;" ",Uhin les{} than 1 hQult. ~'1er, th", 

t)p:tosin~, hist idiELC{ .JJ'1;\d tr1ptoph~~ P6'4tM:S are sharper wen tb@ 

tem-peuture is raiaed rapidly to 2I'OoC. "'h .. ,1. W'orl!:iiliil with a 

,..aq>le c::cntaining very s;:>gll ~unts of ammo adds the 

sharpness of th"se peaka :1.$ eS iMmUal for a gcod eal:i!Ir<ltion. 

(c) 10':!\. \;" 1% Cari>ew,,,, 1.%0 Col\!_ 

The injection 18 mad" ;,ith the coltlm at roolll te~r-

at!lX'e. ",£"ter 14 ru.nutes the telilperature i8 set to UCOC and 

hald there for ,,1>oot 15 minutes. ne telllpIU'a!:u!'e is ther. 

se t '1t l1tPc f;t:!rr thE! re!llaiad .. " t:i<f till<! rWl .• 

this c.olua;n is nece-ssary iQr the separation of G11<inin!$ 

and isoleucine . Cysteine, valine_ leucine, zlycine, ~~lin$. 

"sp,n' tic acid, threouine I wetbionitle. ~l"t"m" acid stld 

l)l:ienylalmd.ne ~6rtt <a lso be separated .tutti esti,*l$t~d Ott toie· 

colwm. Andy-sil; ttlD!> is about 1 hour <ltiG 30 milmtes.. 

fie total analysis till<e iii <I.bout ~ hours if all 

dtt'se coluf{Q}s a<ra u~ed .. 

ll. Si!!£le Size 

A ~olume of 1 to 2G ~l of a sample ccntainiftg betwe~n 1 to 20 wg 

of each .. min!) acid in S 1111 of methanol. This gav,. il sensitivU:y of 

lIetwelfttl 1.3 }, 10-6 11'.01 .. 3 focc glyeine "n<1 :) " tetE> <roles ff::o~ tryptophan . 

!iI. ~rat ion of the Elec!r{;i~ter 

nw flame i onizatioa a ttachment is l'~ai .. ped with 1011 "l""trometer 

which delivers 120 volt s to the 10n colhctor elect .rod" nn" <I rang" of 

1; x 10-12 >limps full scale . 'fl.'" "leetr_ter dlIterm1aell the s@ns:l:tivH:y 
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of the d~t~ctio@ of th~ amino aeids hy the hyurog@tt flame d*t~ctor. 

The ran~e l1",le<::l:o" ettenuate!l the injmt to til", ",laCl:r_tar 

'With 11 lIIed", r~mg<!! ",r 10,000 <10_ to 1 (i>y aegr$"'s of' lit W). 

The lli1tUmmt"r 41vidl1l$ the output, in !!!c<!!ll11 r_dings of 256. 

128, 64, :'12, 16, 4, 2 and 1, h'_ tl1<1) dect~ur. The iI@1!'UIl:ti::ivU:y 

_~'U!!I"d in ~"111'" if> daUmined by th", r&u~e x atl:""ootiGlu It " X 

lO-~2 , 

For amino acid aU$lysis a range of 10 and attenuator !lettings 

of 256 to :2 ;rer/!; ioood to '''lit IIde'ttlllll:e for analyds oi up t<l 1O-1l 

_1&$ of IImi",,, ac:id. It could theTIl!i'Olte be ,IlOl!Il!Iil:tte with II range 

lIi@tttiags of 1 and with the I'ttlmHllltor lUll: ""'twil!iI!V< 16 lind 1 to d.u:<ret 

$mllj.'lle!ll lit!ll I,jllall lU! 1o-!.5 or 10~11'> moles of amino l!!cid. 

11 CR1HlI.IA 1f'()l!. '!'HE DETEm%!liATION OF Cfi'Tll4lJ1!: CmlDlTIOl!!S fOR Tim 
SEl?A~nON OF VOLATlLl> DUIVA'fI'!ES Of AMINO AGUlS 

~ae co~ditioj;s for J\!IlIparati~ outlined abevll! ~re only 

acMeved aft"",!:, eU of the "liysicel ¢:onditio~1I llleel'J\!Iury for ar, 

<> .. t~ gu cilr_WllPtephic $e~,ral:i(Yn had. helm c.l'r<!tfuUy >lOBed 

out", 

A revi~ of the$e phYliitelil criteris and their relationship 

W the success of the flU111 aaalysia is $iven. Once these 'laws' 

have be .. u a\>IIyed. fMttll'e a_lysIs sMu!d PlrCC,"ilU with rellltivOill 

~&e<> 

1. Choice of Chroma~(Faphy Columns 

~s-liquid chr"~to~aphy columns were packed in our lah-

oratory Cae<! page; 11). The cooic" of ~ckings WIlIIi madill on tile 

halliilll of the fa l1cHwilllt criteria. 
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(a) '!'hi! Stationary PnJlsii 

'the s!;",a"$ of J.m,Ut_ at: a 1 (1961) o~ the eHidem:y 

of d i ffcrent liquid pluulee !n ... ~ On the percente!ge of liquid 

phase loaded &n the &011.<1 a'lPOWE't initially "<trv'HI u a 8u:[dlli 

to the I;y~ of liquid \!'ha.se t@ be u!led. Sifi","" a !itat:Lo'rlary 

pb<ilse stllble at hi$ll tE!aiperaturil3 was l\lIeessal'Y fot: the 

!lep"l."aU.on of tbe basic aadno acid" the choice of resinD valS 

!."autl'icted. 

80_ 1H!iltifiS, of tila P'l'lar srou,a of iilmino &.:1611 1iIU.!I\ 

achieved by forming tile !i-Wi> illIlthyl derivati_. Tld.s dec 

renders the ami_ acida volatU. withia the lill!iting tel!!fer· 

aI:U1"6S of the r<ll6ills . thUg alsaine vith an original _tHng 

tempGlI.'sturs Gf 2~1oC IUIII " ~-1:l:1fl_oae"l;:yl _ti!yl c!sr1v<llU:tte 

Wb1eh melts 3t about 130GC. ~@ temperature at which the 

N-TFA lIIIIlthyl esters of tyros~. hi$l:idiae and tryptophan will 

me l t is in the It'<IIllg<ll of 2100(:- 23000. 1'iler&im:'e S 0:01". 

plilck1ne bad to 'be chosen wIlich W<t$ IStabte Illt te~l!'4tllJf.S 1iI~ 

23()<'C. yet capable of naolviag the other elSino acids over Ii 

.,ide tel!lpel'41tur@ range. 

Car"'-s"," :W N (poly ... thylene. g17G01) stahl" up to a 

temperature of 250°C to 27SoC vss satisfactory in this res~ct. 

The stationary phase should also be liquid at the 

operat1.ng telllP3::ature range of the colUlllQ and have III 1.,., 

ViiliCOSity . 

Soia.::e tlte amino adds would be e'l<p@cted to eeparate an 

a basis ,of differences in polari.ty, li polar liquid .. boule! be 

used. Polyethylene 81ycol (C~bovax) is ideal. 

','., ~ .. ~ : ".; 



:rjsnf *'l Plno~!i l!;;;":j.!;.lI~I!!;jliOOl~ IWn::>·"'r~lIq:rj 11::>1$11: 
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$:!.I!;(\ef t~nojJ;iDe, h i stidine mW trypt€>pht;!!, ~I:c! d l@t:<td 

*lIZ 1;$~ltlltur",S between 2500C-215"'C. too detector te~1:· 

atwre _s set ilt 2SOoC. 

(b) '£~rjJ;I:\,i~e l:'!:@I11f<llll!id.ni 

T~l"litulte pt'o~~1Ii walil f~jUd 1:0 be. jJ; most i&­

pt!1?tant ,bl4.:tt!1? in cbtllmtl'!~ II ~.:I sepa!!tlltiC'{, of t.nill ~ 

a.e14 <i$eriv'Iltj11'iIi's. If tlul tll~l:'£turl.) was too 1" the Pilliih 

~rll wry broad and often I10t resolved. hovever vltilm the 

tetlllf,*E'$ltcll'e WliIS 1;;00 hip tt,.~ pjIii1!til Cli!!llil off ~1~1! CQlti,l1W t_ 

rapidly without separatiO§. 

In order to obUin <l Socd Ilcpjl1'aUon of the .... st 

,.. .. lilll::.U.e amlu a«id dari v .. t:i.vllls il: 'lii\i!s ooeesl"5ry to 1<.j .. cl; 

t~e liIllmpla at lew te~liture& and the partit~ of th@~~ 

'Ililltnil> a~ld& ~@Wit;in\.l€d .fit.ti'ie lew l:i$~i"<IIt'n"", £1)1" ,; lIuf'fil::1ent 

leqth of tillie. 'The tempsratw:'e, ~$ tMIl m.::r\1lIlIi<lfd till. 

rapUly u t'Oliu,ible to a !'latAht 'ilh1ch per!ll1tl:l!ld the ,datum 

of less volatile derivat ives • 

..r.. Flow Rate of C4nier ~ 

Jill opti!WJ<M HOY 1'1lIt<l) 01. Clili'lI'f.$r gal! (!litroi"'l.'l) oo!:! to 

be found vltich Vall s .. 1t aI>1 .. b~th at: bigh aud 1 __ 1,."", te~atQl'ell. 

Cas flmt raUs were lII(I!ulured by /I $04P film met!!!!." alii mtlfcrUo.,1 on 

psi'" 1£1 • 

s. ?urig> of Cas 

Nitr~1t vas found to b$ !:IUllNI eMup f or our _it. 
~ver it ViiS often ne~ell .. ar1 !:(I re_~ter from nitroieu. 

hydl'0$611 fin: aU- sin'!:.'e water had 0lII\ adverse effee,t an ),otlJ th;J, otfl.tIIIS 
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It.,l!!tiv~ 'feeent iG!l Umall and lIE'ltI' lire ~iven h. t he 

follGwing ditleuSlJion. A ;i$seripUon of the signifieanCU! of tnel'la 

t",1'_ is gi'nn in the appea db: . 

1. ProceGtn'<f for the Identification ~f Ami ni'! Acid 

Mil<t::u'ees of lmewn eC!'Ieentrat Wu13 of 1111 or a ,.orHcirI 

flf the 19 I!~ acida were cQlWGrted t o thd.r ~-tr:l.f1uor_eetyl 

matnyl "51:<:I'e$ "mnd du;:-ol'Mtograi'Jlle6 . 'l.1!e r <l lo, t.he 1':'i~l:ention$ of th . ., 

&lIlillc acids in the mixture W<i!·re then ea lculated. 

A It_ ii_tInt of c £i<tn alldlW acid was <.:on'il@r t ed to 

the ilIarivat:tw independent of oth",lI' £im.!lO a.:ida, The ami_ acids 

""erivaltive wholll!! i dentity was to h€l de(:ezmi"..,d WIl" eQIIt!l i!ttlltlild with 

the :nixture <l'i the <:!<;rivaHv<!e of llll the limn;) ;!eMs and en>:'Qrea1;t>­

l!;l:sp('letl El$d~h If t 11", lWait du>! 1;0 the P£jJr ti'lula~ IllllbG acid lIad 

illClrllti3SeC if! sizl1 ia <:.00;,_i8_ t o the etllil'1l' peaks then t:ile 

identity of that altd.no acid had been EI$tahH shed. l!oIiIever there 

vas a danger tbat two amino acid derivatiwl! lliight hmrll el'H" 1l1l1lle 

rete-neioH t i mes on Che ccltmn. A mixture of the 19 a!l!1no acids 

lacking onl y the on" part i culall' em.no aci d Wilil conver ted t ill the 

N- tr ifluorOiilcetyl _ ttlyl ester ded.vat:l:ve . The absence of .!II peak 

on the ehr_e0SZ'apn thea i,,<l i .,ated that t he peak represmted _ l y 

one ail!ino ac id . 

When amino ac ids wa~e identified by 'spikini ' with a 

lar ge concentrati on o f a specific: udno "i~ IIcmetilJeS _tUple 

peakll _11 l (! resu 1 t • On t he de 1e!:ion of this amhw acid thelill 

mltiple peaks _uld di.N'Il'pe8l:. or if they originally lia@ the SlIlre 

retelltion I:mes as othat' '-IminQ ae:l.lJs i n t he aixtm-e the lMlak 

ha1g1ttli will!! be dllUllbhed. 'these wlt:tple peaks ware therri~ 
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LEGENDS TO FIGURES 

Figure 1. Chromatographs of a mixture containing 20 mg each of 

19 amino acids of which 40 ~g were injected into each 

column. The top tracing shows the separation on 

Carbowax 20 M 20 t 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 Carbowax 1540 lOt x 1/4" shows the separation 

of alanine and isoleucine; The lower right chromato­

graph with Carbowax 20 M 2' x 1/4" shows the separation 

of tyrosine, histidine and tryptophan Q 

Figure 2 . The same as Figure 1 except that the amino acid mixture 

contained 10 mg of each amino acid of which 20 ~g were 

injected into each column~ 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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lIitl.::tibllted to c"''&t~!£d,n"ntg . __ tty ot~;o" _1_ IId.cls, 1£1 t he 

etlltular<i lJt!l!:i@@ It<!id Z'lIth~ll' than 111!.d,Uple p<!lIklif &i $1n~le illlllil.lO 

acid. The 64J'r1vII!:$,'>?<I! I'll ""enttm ViiI! a:teQ c:hrOl!!lii!:~ltl;1'hed alOll. 

/lind the e-mt_inilll,U i dentifie-d by ·81l'ilt:.1n~· with the !N5P'11ct" 

;llI/,blO add cont~nU. Pure 8~.r4 amino "cid& wre obtailled 

!!!hieD were free of _Um!naUon fr:_ other OIl!Ifug Beida. When 

til'" derf.vatf.vl!!$ of these pure _ino aeids """,' '~h"'_«>gr~phed 

only single ~akg occurred on the rocord1n3. ThU$ tile clt\':tf.v.tiVGI 

of eacb af the "' $l'lI:I._ ac!,os e_1!.'~d 1111 if! dtt~l!! ~!ll!k I'm til$ 

chro!IMto~I'_. 

l. tile litebtt?e Ret!!ntL,l1* of Amf.no Acie" on the Three 
Chr"'~Mal!hll Col_ 

'lit", 8i11p&'Zal:ion of tit. 19 alildno acid., !s sbmm in 

Yigm"all 1 aM 2. 'the rdativa reteatiGis veloes of the li!IiWIo acids 

on eac:lt co!Yllm rlilu,ti.v<I to aapartic do:.ld. it; now described . 

(a) ,:tl?~ .. !' \" 1% Cl!r?Qsx 10 M c"l~ 

:tn f i!i>tl!!''iI 1, tbe top trille mill IInonl! tb", $3,.-

ation O'lil t~>! 20' :It \" 1% ClIr!nmax :W M colu_. ~ 

inj<iCUon WItB _de with tile eo~ at ~C. After 

24 ii!Wmtns the tefl4'leratm'e wall pro~_d to riM 

'!l'I~~ to 135°' ,lad held hers for 30 minutes, .Jl!:er 

wid! the i:emp;(lr~tura "".,s lt$$W proMa_cl to I>'i.ut 

'J,Clmw».t$ v , Z::W"C. '!l:!a tf/)~r~tur<l wall tllea heW at 

;UI.)CC i'l:MI: the rcuiul!ll:' I()·f the nn. 

C;I~tl$itt$ b dllted ill'!;, ill k'lf t"'~1?l!tt"N'" Valias 

1j~'.,J $lanince 1i"1us isoi\!ll<:iM <ut ?®1lIU1:If<!!'d} «1'<11 <1Ibtt«d lit 

te:1iq)';l,,~e;t~<!g Dd:weell 13.ooC .!Illd i4cPC. LoodM is elutad 

st :1.1* mW glycine. prOU,J1\f. ;$~plIIrt;l.e .aeU. shreoaias. 
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!!.IILA'l'11l'1l RL'TB1~lONS 0)1' 1,'l-'tlf A HE'.t!l:'tL ,A,UNO ',MIUlS ON 11 :to' X 1;;, (,.AR'Il(lW,'0{ ao l'! COwmN 

Cat; !i'lO\i :: 80 1'01.IfIliuute 

'l'CIl\l'~fln1l:un '" I}{)I>,; (24 rnltu . ) ; SO /nlin. t(> U\5Pc (JG min..}, <I') liuin. to :t3()QC. 

,!~:'i.w:!&.",,~t;,n! 

CYllte in« 
VIil u'M 
Alanine 
:raOhUC lrw 
Leucine 
Glyc:l.ne 
Pll'oHne 
Mp,utic Add 
'l'hirecmtnc 
Me t.hincinl! 
Clutalldc Act", 
Plumyb l 'mbie 
Serine 
Alf/!.mine 
Rydk"(;:!lYI"wl1)1i.!'!e 
I,ynru) 

}'tt'f l! .. !f i ~1{:~~ l!~·rJ;;!~~;,~l~?!l~t 

~~·2 
• !)(l 

.63 

.64 
• '10 
.79 
.87 

1.00 
1.1:> 
1.<15 
1.31) 
1.4(1 
L!il 
~L05 

;«" 
2 .. 26 

J~r:~~!r~lt~jt,,~~e..~, 

:'$(~' 

U() 
14(1 
140 
no 
1$5 
11&:> 
185 
185 

185 
lSlO 
22'c~ 

:<30 
230 

R~£eren~e # Aapartic Acid 
Relative Retentl~ 
of 1 @ 53 mt"lI. 

) 
) 

) 
) 

> 
» 

.!!tiW,lw I;.t-J?."\. 

ll. :j~ 

1. 97 

2&50 

t 
·.\i 
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t1J;\;l;h:!,oni l';;r, Sind g1l.lt!lilllic &id.<l at 1$50C. Pr,"'Wloil 1m:lit'll!t 

.18 eluted at l~O()C ""d "'''ld.ne /.It 1100C. f.qj;itli~ . 

bydro~Fol1ne and l ysiue arc <!luted at ~30oc. 185°(; 

is i'iecaSllary for the Y<I>s.,ll1ticn of thr"Qt~in" <!lnG 

_t.ld.t'l'lfn", whereiilS eh", it ;.£('" rilil<:l to 23~C l@ neeen"!!'1 

i'ct' til .. pdrti!1.ioning cf ilil:'gin1u!1 lind nyoroxyproHnt:!. 

'Th€ re t ention t!ll!ell linc re 1<>"i"0 r"tentions of 

tbe a-twA smino acid metlrJl eaters are listed iD 

'f1l111e 2C (a) . 

'rna top tncing i ll t'iguriS 2 r.~preilents an 

alternate progra_ing g_tialls USl!Ici 0>1 th" 20' :It ~" 1% 

Cliit'~<l!X Z{) M column. This prGSt'II-.illj!. is lIla~r t&!lirt 

thll sej}i1i!."$!;ion IIbove ...-as "'I!~d M ly whlln I:hti 1;\,,1,,_ 

had aged for fiGfll& tilw . ,'or I>ii:lme reason tile fastez' 

pr!)Vilmllin& IiIi'S not a:/.mY$ reprQd~ibl$ on an 016 

calum. thb ccmld. be <.lua to a drop. itt liquid: $olid 

:rill!;i" i,\ th<! p.o:ckinS >lith l711p.!!3ttlG US« , 

The I>lImple 'Ii1lUi mjec.t:ad with the colUl11n at: $CtGc. 

After 24 minutes the t~ratW:jj WillS F ogra_d to rise 

5° 1",1uute to l100C '''t<~ tl;wn progr_" to "be \<1> IfIlJ.limt",. 

to U5"C. After the O!lut:i'-lIu of !llutil!iIlic add tim te_ 

.perature wa 3 pr08J."_d to rise 2° /&l.ixluta to 2400<: ami 

lIe14 th~e for the re!Miu<lli!r of the run. 

!he slow lin&iil1' prova~ng after 17UoC was 

l1!lcell'$$Wf f or tni1 reaolui: :W1i of tiu'(!Q¥!.ine @d mth:i..:mlae. 
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Rl':r..\'UVE UTRN'UOOS iJP 1'I.'111'p. MlttiIYL AMINO ACIDS ON 1\ U,\' l<: \" 11. '.,/'IllE(WA1t :1;U ~ eOUlMN 

GMl' l GW ~ 1>0 !'iil./!lIi\ltJ~e RII£iI>1!rm1<MI '" A~ ~:t·t!c A<.\£<t\ 
1ttll" Uv<l liat;@mti@t> 
(If 1 (i! t> 7 mill"' . 

TtWlIIj),'!<'altUJ:'<I ~ 800", (24 ",,;tn,); 5" Imf.xt . t ~, 1'100c; i)j<'!:rwiQ . l;q, 1~1$"C; zQ !rdKI. to 1141l<)C. 

AI1U{{) ACID '-'-"--
Cy$t,\i!l<ll 
Vdin~ 
,\14;\10.<11 
till\) Im.iCi ~<l.41 
Ltuc. ine 
Glychl ll 
1'I:0li,,1'1 
AIlI1'",gUc Ad Q 
~1:Ilt'.wn l D" 
Mel;h:loil1n~ 
Gl utoil.!llic ,\do! 
fl1~lIIY l'l l 'llidn*l 
SIl~ln~ 

Ar gil"inf< 
Ilyd~QXYll'l."CUile 
Lyd.nli> 

!~ 1,S£j.~~: illj.!i!.11tt.!1'l'!, 

.1,0 .,,1 

. 66 
• ,&6 
.72 
. 81 
,, 81 

1.00 
.L H\ 
l.:n 
l. ZIio 
1. :'>4 
1.44 
Ln 
1.96 
2. 03 

:r""'''l!n'<l tUI7I!I "')C', "~"O~_·'-""~~"·N~1I.",._~" 

UO 
l~$ 
17Q' 
HO 
172 
175 
177 
1I.l1 
193 
l llt, 
19' 
200 
;nQ 
240 
240 
240 

) 
} 

) 
) 

) 
) 

a""ol.IU"'11 
--~",,--~,.--

() 

1.76 

t. l4 





m~LNrIVB RETI~N'.cION S OF N·~TF1\ NETHYI. AHINO ACIDS ON 1\ 2 1 x .?;11 17<> c .-:1R13 m:l.AX 20 N COLUt-1N 

TAHLg 21 (a ) 

G~1S F lm'7 :~ 30 ml r ,,1,'h lute 

Temperature = rOOnl ternperatlJre (5 min.); 270°C 

.!.\liLNg_.JI.c;Il? 
,\ s par t ic l\C id 
Tyros ine 
His t i d i lle 
T:(y p to plHJ n 

Re l a t ive Ret en t ions 
~~'''''--'''---~-"~'.~'-~--~---'--

1.00 
2.00 
2 . 33 
2.55 

TMlLg 21 (b) 

Refe rence ~ As partic Acid 
~e l a tive R~ t~n tion 

of 1 @ 9 min. 

.~~~::': ~~P..5:.~E.~_~~E.::7 ... __ (~1 
270 

I\e :;;o lu t ion 
-~.----~,~.-.-

270 
270 
27 0 

) 
) 
) 

1. 88 
1. 20 

_ _ ~~_M. ____ ._·_._. __ _____ _ _______ . ___ •. .-.. .. ~~~ __ ._ , ... ~ ____ _ 

Gns Flm'l : 30 ml/minute Refe rence ::: L\s partic Acid 

Temperature l'oom tcmpel'<.:ltul'e (6 min .) ; 120°C (16 min.) ; 10° J min. to 260°C 

hJ:tlii9_,_~1\~J.Q B-E1.~E.l~.y.~~~_~_q n t ion_~ 
Cys teine 
Va line 
l\J. 311ille I 

iso l eucine 
LC liC ine 
Gl.y" i l1e I 

proLine 
.l\::;partic .("'\cid 
Thceon i.ne I 

NQ i.:hionine 
Glut a mic l\cid f 

Phenyla l anine 
Ser ine 
,\rg i n i ne f 

Hydroxy pro 1 ine 
Lys ine 
Tyros i ne 
HistiMne 
Tl.·yptopha n 

.t,3 

. 57 

.61 

. 65 

.78 

1.00 
1.13 

l.18 

1. 26 
1. (,8 

1.52 
1. 92 
2 .10 
2.t,4 

TemJ~J::.DJ~~-E.~_(Oct 
120 
120 
120 

120 
120 

150 
180 

190 

220 
2{,O 

250 
260 
260 
260 

) 
) 
) 

Re l ative Retention 
of 1 @ 23 mill . 

2.0 

3 .4 

" 

{ 
I,' 

t 
f: 
f, 
)) 
I 

( 

.l~ 
(j 

" 

n 
!' 
,~: 

;~ 
iii 
;,~ 

~i 
f. 
fi 
;; 
~: ~ 

'N ",' 

,~: 

'~ 
;:; 

~; 
~ 

~~ 
';-,\ 

X, 
"\',: 

.;~ 

{, 

P: 
'.'; p 
d y 
;~ 

.,~. 

~: 
';;~ 

!~ 
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for the ¥"':}:l%B ltla({;l' (j·f tbe r un.. 111e·, ~'liiti'tfit J ;)1f1j V$1.u~,s 

.ag'(!' listed i n Table' 21 (~) ~ 

Although the res61ution f01" tyrosi .... , hhti-

din<! ,and t;l'J'Ptophan ie better '!I'ith the slower j!>t"og.?_-

ili~, thEl ar~ tcr..$ t~\ !t>'::1£lcl 1.*n,d f 'la'c thus it is 41f:! :i ..." 

~Qlt to £shtain a goori qtl~n'1titation of histi.d in-e . Th~ 

1:l>pid Pl'u&r<mmin§ is rse_nded for <[",,,nUtation of 

tbeS;f: three "mi.!:!o aei.ds . 

M'fJte em:. t in :H (h.) tbe :;:" lative tetent!.<ln 

values for cys teine to s<!rine are vithin the range l1)£ 

those " ... :.dlied on the 20' tm:bOt1ax ZC 11 colWllli!. 

(c) l O' x it !1L C~rb_~~.Ei£ l~_ C!.lqe 

2'igurt!· 11$ lc.wer hand eorr-AIr is a, t:a,c :b:t~ 

of a sepal.'aticm en tais tyf'~ of eol"""",_ Tld.e colwm ill 

usee to :l.'ell01ve aliininfl ann isoleucine. O.{lItd.ne, valma, 

leud.nl', $lydne, prolinl', ", .. partie, threonilU: I roath-

iodne (not n,lIolved), i',lutlll&:l.c iII.cid <lnd " heI'l11alaniIM! 

are also sepa:8t~d . The injection is ~de ~ith t~ 

colUlml at :room t emperat:un aad after 14 mnutec the 

te~r1i!t"r" i s ra ised t~ lZOoC and held thllt'e till 

iI.Io leu"in!2 ie elut€Ou ; thil! t akes aoo t!,er 14 ll!inut.:t!l. 

The te~erLture iii then rai>1ed to 1100C and held there 

for the remainder of the run. The reteatiog val~~ 

are. Usteo :I.!.'I Table 22 ea). 

An a lterrwte ?r"'~anmin$ is suo"", in t he ldt 

nRei cc~r of Figura 2. the il1jectioo. b lililee with 
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the "'01_ Il t r _ ee~lItolltllre oIIn<:l af t s!." 5 minute$ tbe 

t~erat:v-re .ill reiae" t4) 12OOC. After the d ati. of 

tooll!u.ae uM! the te~r!ltUt'e is prosra_d to rise 

5° l!1d.m.lte to 17@C. '!he retel1tion v<'l'i.ms nO! listed 

in Table 22 (1)). 

AlIlnine anc! :l.soleucifte are reoolved. '!.'he faster 

pro~am ~ve lower retention timee and increased the re­

latiw ret_tiOGa 1. e. cOIIIpl'tIIsl!e<l the separaU_ to 

val ues elo~l' to the reference aspartic Ileid. lou.ver 

tlu! resoluUo1't of slydne aM ~ou.M: b slightly better 

1111::0 tiw 111_ prolF_. 

II bUlMtiol'l of N-'H'A Amine Acid Kedtyl Eatera by Gas CbrOllllltOgrllph, 

The qYantiUtive OIletimatiw of 1l!-tFA _thyl lllil1tuo adda 

1:$ discu$l!ed 01'1 pll~ 100 . The P'2ait <IIrl.tali of ttl" CtirWIl ota:lned 

in F13l1t"IIS 1 aM 2 w %'@ calculated. 'rhe peak <ll!:'aaa of the curves 

were manured 1>1 __ '" of Wlehantcal integraU_. 

A Dise m tllli!l'ator attac~1: IRa used for this Plirpose. 

'fbe intearator operates a pen tbat movea m eontinuous back and 

forth IIICtiona at a speed proportianei to the dleplaeeMnt of the 

pen frOlill Ithe base l:l.ne . 'fbe 1steFated area is proponUcmel to' 

the nUlll!:>er of atrO'kes _ele by the pen. The tradn~ made by the 

, wtegat.or pitl.\ ~ " liilllOllll on tbe Dott"' of the re~dlnS$ in 

F1&ures 1. lIlnd :1:. 



~@#~n'l!ttli}!' aHul::ru,.wliI ~ {)~ pWi! 1!11dll&I%W ~ 

.~~ l!~ G~ l!~$~ l!~~l!~nl!l!u l!Al~l!31~U~ J1 l!l~Jl!l!~' 

~"'.~ 'l!lf11Ullll!'i":~ !illiltt liI'J~1I ~ 10 OOl::!UUIIlli i>l1i.lift"'l1>1l fM:@,:J8J:l!1U 

·lM.nllilHl!-n~ !illI:i n- !ill!! _Jll1U1Ul!flb 1Wi 0::1 ,~ P'I:ju ~1 un UlIl$ 

l!141 lV 'IiInIlJ~i!j;J! Nl.1Ed l! lIll'1rI 1l111A:11!l!!!l' ;0 'tl~ll 'I\!IOnnl1ii!.:tIl~Il>' 

''1'::>$ lllW!piI!J' ;;1(1 Ul!1l!ii:1I .iII"~o ~l. £iqll:iJ:OAII:I l!.:I~1I' $1 eu P'I1U 

!iI'I~ ~1::jl!~~~ ,.0 P@,!lU 'l!l!~~ lIql ~l! 2~A1Z~l! UI 

Zijiil11i1!llo:l_ziiO l!l!!l@ tq alil"11l!A1Jlil>il 
i1'l~,r Il'mIllii1f 110 litOPII'Jl""S l!1iIl JrJ!># $::jll'Ul!.l\TWl~l!'l! 't 



SEI'AltA'U')N 

5~ :tt S~ccin-@t{~ 

Gas Flow ~ SO \!IiRlm$,,,,Cl 
Reference * A~!,(ijWUx Acid 

t1 ... ~A mrz;IfwL -,€i:,M1~ti 

:({~ fl~,;:tl'irHlfZ ;t~~~l 

\i..uit)" 

ON 

!MIl&~" A.q~ ,~A$ +.'!!.!i h"!!!~!\'I~IiI!fi:'i:.1'm..! it.' 't~!~,?! 
CySt4'JillMll 

Alard.I1'" 
Vmli~M2 

l£'lolreltc1,n@ 
t.l1>I"; illl!l 

l;;:j.,i 

}l@l:hi@i!i.",j 
'['hr~@n:itf,l!;~ 

$~li'bl", 

~llltamic Ad;! 
,l'nIHll? i.@ hnbl@ 
lTj<lI1<.l!l:YII'1!'@H!1Al 
Ly;w:b'l@ 

1 

, If, 
.1>9 
.n 
.19 
.82 
.91 
.91 

l~ll 
L 
1.26 
1.32-
1 .• 32 
L42 
I, ttl 

} 
) 

) , 
j 

) 
} 
} 
) 

0.36 

(J 

() 

CI.St) 

NEOl'tmT'tl. lj\<lfCt}!, Ca!.l!)lll!,{H 

]j~ 

lit WF't~ 

(~w r"l{i)'V$' ;; 50 Thl1/lKd,$'tut$ 

g.'!!.!iLt~:!..1!<!t£!ti<>1l§ 

h$4 
.61 
.91 
• 71 
.'1'li 

~.lt.-r .,,:;; 
1-
L 
lot4 

1 .• 1I 
10 
2.00 
2~05 

) 

» 

). 
) 

) 
) 
) 
) 

;,: A~',nM't"t-1,{'-; Ac1d 

g,f' 1 @ 

~ . 

t~ 

74 

R;;II';~llt,iQo~ 

~dJ1. 

. 14;:: 

" {},\:1: 
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are often in l~ited supply or ~y contain low concentraeions of 

certain ~ino acids. 

Certain of the amino acid derivatives appear to have si~i lar 

melting points and vapor pressures. A suitable t emperature 

progra~ina had to be found that would separate these derivatives 

but at the same t~e would not hinder the resolution of 1e88 

volatile amino acids. Tbe .amino acids that were cltfficult to 

separate appeared to fall into four ma in sroups. Alanine and 

isoleucine had to be resolved at 120°C, threonine, methionine and 

81ut&~ic acid are resolved only at lS50C-1900 C, arginine, hydroxy­

proline and lysine are resolved at 230°C_270°C. The resolution 

temperatures of the amino acid groups are dependent upon the 

type of liquid phase used and the flow rate of the carrier gao. 

3. Approach to the Problem 

The first consideration was given to the choice of liquid 

phase . This bad to fulfill the requirements listed above and 

also to be stable at the temperatures required for resolution 

of the least ~~latlle amino acids. Sinee amino acids vary in 

their degree of polarity, a liquid phase should he selected t hat 

WDuld selectively acparate the amino acid derivatives on this 

basis without unduly retaining any of them. Indeed, it was 

possible on the basis of the studiec of Johnson et a1 ( 1961) 

on the suitability of ueveral polyethylene glycol derivatives to 

considerably narrow the choice of liquid phase. 
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OMe'li '"lllitable .. c~l~i¥'IcIt:1ng t<<i'i$ ~ti!l1nlld •. 

"'~i!:i¢d 3tW:lill3 ~IN! lll8!le ootl!li;>~if~t .. of Aj)l~ l;lu8tl'NiQ.4 

cliailletEilr. of Cl<rru~ .&all flO'oiI t'4t~ ,~d of t.e~r~l;t.n'e pro~a_ 

mg on the resotut.1olJqf the "miW!'a,.;W ded,V~UV<l3 . 

·.'.I'I:I.e f&11,olO!16i$\I!¢H_"i~ 4n ""00001; of I:.b~ 

"':itpr<l4ilclli ullee! 'in . 3li1~i!',atag t.Mal!l:tl'l"',liCW de;o1v<lj(1,'f1l/;! fr_ I:lr\e. 

OlsdLeat attEllllPU at.$41pa:'aUoo to.Athe _~d of lIep"rat!on 

f ina 111 <adol't:edffljf tllle . 

4. ~lu_ l'ackiMIi 

(a) Separati_ .of. AII!1no ,%¢~~$ . . ,cm " .,11. liIeopootyl , 
S11eo1 Succinate CoIUlm 

Ii. 1% neopentyl glycol lIt.tI:d._te (NM) on Chr_~ 

$01'1> Pt.1iI (60-60 liI,ulh) """' .. th<ll ftr ... t resin cde.:!. ~ly 

et ,,1 (1%2) luidf1E'3t r\!~tedthe 3111p<l.rau.oo of'lmtyl 
, :l \'. . ___ _ 

N-frA SI'llfue Ilcid Iili,t.n 00 III 9' :II; 1/8" 1% Nl'G auec!Ml:!i! 
, , 

OQ 60-\W .. lIh gaa C!u'ol!li)sorb P 4:01_ and abwt dill t:t. 
,~: ":,!.,,;..:: '- '(:\,~ ~ 

our &tudi es WlIr~ 8~!: c~ll\\l:e ThflUWili (l%J) t<t~t"iIl 

ili:e u~r"Uot'l 'of 13 of U N~l"F'!\ e!i!dnl) add _thYl ded~ 
t ~ 

v4tivI\\lI Oft a 150 ~ 1% ~ succ!Mte eolume by te~tatur. 
,<' 

p1rO~1l_ia!1'.. 

lIlr;~r~~t$~filre PodMmI!lti >JJ1th' thJl£ t4~ 

il~eeinstll Oll! ec;l~me """lI1'i f1ii lit !8ngth %'1:00 2 1;.,<1>1; lIud 

S fe .. t til> 10 f 'eet aUd ~feet. Y"r1.c-.u.card.er gall flowl! 

Ilnd tempera t ure prog,ulWi gl!ifr~ tried. Tlible 2J repl'eemlts 

the retllnl: ioll dat>l 'fr_ :t \lt~'~!,f~ 10' x~~' 1% ~~ 

columns;. The eopaiatlorioathtlS' x~'li:4Pc cOhl!llt 'If<ll! 

can lad 'out with tile cGWlM teaq>erlltl<re at 600C for the 

Ujeeti~Of elle esterB. 
.. 

UteII' 12 minute!! dM~ te.,al.'.!!!t~e 

Wl,lllpl:'O~lIi_dto dll;ll '$,olmnute to 25i'}~C. 
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The alDiftO acid. Oft the 10' x \tl 11 UG col\UIQ 

were 1ftJeoted with the colum te.,erafure at 30°C au 
the te.,erature progra..-d to ria. 30 /.tnute to 260°C. 

UQdel' nOlle of th. coadltlO1l8 • .,loyed could _ 

.att.factory .eparation 1". obteiaed. On the 5' col_ . 

isoleucine and levC:lne. a1,cil1. and proline, alutall1c 

acid aacl phenylalanitle we ... not r •• olved. An inar •••• 

iQ col .. 1.8th did DOt tap, .... the r •• olutloD 01 th ••• · 

aatao aclc1a. In fact 1a .... ca ... w1tla ta. . te.,.l"4lt •• . 

pl'opa. adopted the relative po801ti.e of ... of tit • 

• 1li1lO aeida cheopd. Oft the 10' col_ s..oleuciu .... 

off w1tb vAlin. 1Q.te~d of witll 1 •• cllle. 

/tit"tna til. eoa.ltJ.o.8 .f sa. flow, £~JJlrgU. 

leQath or letDpftatU1'e _ .. e fo"" to chan.. the ... letty. 

order of elut10a of ~ .oi4 dulv.tl •••• ve.OII tM 

8_" col_. Depeadlq_ tlte c0a41tioaa .. apt •• _tnt .. 

ami v.liD_. valla. aDd Uoleuc1ae. alJchle eael p~oliruJ. 

1a.1.uc"'.· ael le"eiRe ..... 4 tuk wet.atioa ttlll. • .. 

coull .ot h 1' •• olve4. ftf ...... it difficult to ldeatU,. 

the puke .. to tlte .. lao acid. ead to obtaiftoptu.. 

ooad1tt... for •• p.~.t£on. 

tile ,. .. ·u were f~ .... acl' vltle aDd. coaeldfta1tle 

&"1 .. ·occum.. "tatl"" "eu.· _ ... _Irk ....... 

co1_ lea.tll va. 1.JlClt •••• d. . tIM co.l_ .ff1ctteaq • 

... .:eaaed .a .BD" 18 ., .... f. a1aa1ae, _tht_iae •• d 

",-*0.",:0I:1..e-1,..,... 2M 1oweJ' elae IIBQ! the .. . 

• fflc., •• ~ the col_. But •• , .. 401_.1e ... 11\ .. . 



TABLl24 . 

IEPAU'llOli OF K.fPA 1ImI!L AMlRO ACIDS QB. 8 t X elf 11 CADOWAX 1.S4O COUDIIS 

Colual 1* 
Gas Plaw * 30 .1/~te 
RefereACe: .AspaC'&1cAc 1. 

ltelatiftlete_tn 
of 1 @ 74 aia. 

_DO ACID 
d ...... 

C".teiae 
V.line 
Alan! .. 
Iaoleac1_ 
Leac1De 
G11Ciae 
ftol_ 
..aspartic Acid 
1:bzreoaiae 
Me'tlltoaiDe 
Gl"taa1c Acid 
PM_,labl'liae 
Se_ . 
ilydl'OXJFOl1ae 
_ata1 .. 

lelat.t". aetent.ion 
. - I 

.13 

.. 32 

.38 

.42 

.5' 

.68 

.73 
1.00 
1.20 
1.20 
1.24 
1.2.8 ..._--
--.. 

Te._(OC) 

SO 
100 
116 
110 
115 
120 
120 
145 
160 
160 
160 
160 

* r. T .... et .... ·Jnar'" .ee Papa 64. 

!!!.!a 

) 2.50 
) 

) 0 
) 

BY, 

0.04 

ColUBl i%fl 

hfol'_ce:' _pastetc Acid 
awlact.. Ileteatioa 
of 1 @ 7. aiD. 

Relative Retenti." 

.06 

.32 

.38 
• 42: 
.55 
.67 
.73 

1.00 
1.20 
1.20 
1.25 
1.29 
1.41 
1.97 
2.13 

Te._(!£) 

80 
95 

100 
lOS 
11S 
120 
125 
142 
15S 
ISS 
160 
16S 
175 
200 
200 

!!.!!! 

) ) 2·., • 

) 0 
) 

) 1. 
) 

IIBrP -
.10 

*009 

~-----

~ 
~ 

I 
:j",.~, 
~ , 
I ~ 
~ 

I 
~ 

~ 
~ 

~ 4 
I 
~ ~I 

I 
~, I' } ', " '" 

i~1 
~ : 
.. ·.1 ~ 

~ 
~ 
~ 
~ 
~ 
~ :& 

I I 
~ 
I 
~ 

.~ 

I 
',,'I ~~ 

I 
~ 

.1 
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LI"l·~all.d the BBTP ·iocr ....... wblch 18 contrary to tlte 

.... ct.cI oa 1Do~eaa1Da the leDlth. Chaqea in .. S flow 

01' t."'I'.cure prop_.i"l had little .ffect Oil the 

re."lutt_, the HlTP or em tlw utliDa. 

(b) s.,.~.ttoa of AIliIlo Acid I.to. OIl • 11 Cal'bowax 
lS40 C!lWIJI 

Aftai' uVJaa bacJ11tt1e auu ... vlth tile 11 8N 

_ciaa'. col __ .. l' .c. ..... U40 OIl cJiatopHt S 

(80·100 · ... It) ••• tltled. JohMoa et a1 (1961) baCI ... 

"~.4 tile •• parattn of "Ac.t~l ..,1 •• tec. of 15 CD._ . 
ald.so .c.l'" (except tryptoplaaa, hut1d1ae aDd .t ..... ) 

wick tb. co.biQad use of .n 8' 1~ Carhowax 1540 ... . 

2' 0.5' 04l'bowax 1540 col_. 

Sia .. lI-trA _tb,l •• te .. 8 oould be ......... 

vou.tile thaa I-acetyl a.,1 •• u ... attnpt. _~ •• de at: 

..... ti .. the eater • .,ita It. c. .... 1540 .... 1a • 

... roue ... flow ¥.te ..... t ...... at ... pop_ 

v •• ~ ~~1ed on the Cubowa 1540 col __ • 1111. HO' .... 
. ."rA.. tlte ate,_ 1a the ...... l ..... c of • .,.~at1oa '" 

t.I''' of col.. le .. tb, ... fl ..... d ""Murat._ prop'~ 

to.. fablA 24 a1v •• til. &"et •• tioa data for .' x \" 11 

Cerbowax C01U8l8. 

'lb.. fu.t $01 __ tr .... "r. 8' x '".1' e.-bewu 
f 

1540",.on dia~t S (80·100 •• Il) •• 1ta11ar to the cow. 

.. IOJa.dhJ ....... 011. Afte .. *I few att..,ea at ....... ti. 

it v.. .p,.~.ac that t....... .ad _thloa1H 110\114 .. 

cU.fI1_1t to .... l' .. t.. S1 ..... 110ve (30 Ill/_Sa .. ) ·a. 
At .low Irate of 'l"o._.jO& W :W. _d. 1b,ue v •• "",._ .. 
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uo.a,«1,. a lte1hti_ OIl tll~- ..... te.,.W4It ...... _ida 

ca. ........ clef dv, ... 'l ...... W .... ,. ... t .... trace ca-

bewaa 1540 1.8 oa1,- It.hl ... co .t .... l'.tu. o' 

.1SOOC-1700C. 2he aepa •• tloavaa ..... ,0 •• 1'-', ... Co the. 

4.w1vatlvea of oy.tel.. valto 111ft..... teol ... , .. . 

leuctu. al-,c1u, ,*oUae.-•• ,.t.le. tid:eoalM , ... , .. iae. 

_ slut.talc flaclphe.lalanw m t1aat .de... All 0' eke ..... 

,u~tci. w ...... lved vita the e • .,tioD of t ... 1M .... 

_.Iltoallle. A-... pe.ell""'" ,-, 11 CHbowa 1S4O .... r ..... 

caft .. tee. to !able 24. 

Ute derivative. were- iftJHted wlthtu col_ 

-t..,.rature .t 100CamJ the. ,.op ... " lO/Jdaul. to • 

... tau. of l600C aad held .t thl' te.,.r.ture fot th. 

r ... ia4er of the run-_ 

~Q,1.1.Jlta. wa. the talt acatao ac14 to he .1ute' 

att 16ffC aft." 95 ai.tmtea. c,ft.tu ca .. off quickly .ad 

va. oft •• caught up 1ft tit" "lwa' hcmt. IIl.a .teapt 

eo eluteMRe •• 1no 80i" froa ~ ul_ the ~op."", 

va. exttatfecl to 2000C(eolUill\ 2 .f I.hl. 24) aad.t ttal. 

t • .,. ... tu .. e b1~rol1ne aDd arpa:l.u wre c-edYew.'. 

The .. e va. kowe ........ ,. 'tte4tna of the col.- aod the 

Pteka alJove 17SOC vue V411 ~1<1.. !he re .. lutioo IN. 

>§tsntne and 1.oleuclne WI VUJ .... the two ... acU. 

that pye difficulty on tlte Cawbow_ 20 M rea •• 

III an .tteltpt to .... t.te thJ!lIOIltne all4 ... ioaiae 

end to elute cystelne at hlabU tetlpUaturtlls the _1..-

1.Dlth ... lnc,.-••• ed to 10· K \n. '1tda col... itllPHQcl the 



"lInt,~:t;) 

~I!: I'AM'£l,,'N 01' N$UA ~!ETlW\ll" AMINU AClPs {}~jW ' 'l!:;~;' 1% C,,$!l!l,AWAlI 1,4U 00!.')\1#;'1; 

Coh;lI.\!l 1*' 
1011 S i'i.'OW"" " JQ m1/lIIw. 
Refereuee;;: A"p"'lI'tie .~"id 

AMI.t<() Aell! .. -,-."-~.-,, .. ~ 
Cya l:eiltlll! 
VeU n,* 
Abni Q$> 
!lIoleuc1n" 
l.euc',J:\ll 
Glyci ne 
i'rG 1 ht<! 
AlI'I'Iar Uc Atli<f 
Tilr<lon inl<l 
!1e ell j Olli!'MI 

Glut" 'll.b Add 
Pbeny l a laJ:\me 

R.ll<1 • . !l.et'n 1 @ 76 «lin . 

~!Il ladve ll~ t <lnttml 
"" . "~ .. - -".-...... ....."",,,, 

., 16 
• .lii 
.39 
.42 
.55 
.6(> 
, 70 

L !:W 
LUI 
L U 
t.2) 
1.31.1 

:r£fJ!.!~f.t\ a~$ ~.!a. 
:ttii 

105 
Wi 
12(,) 
130 
133 
1.50 
160 

l,iC 
1!~ 
I flO 

) 1.66 
) 

) 
) 
) 
) 

o 

1.Y, 

,?.K!! 

=~-----.<~---,,~~:.;:-~~~,- "\-...... -~':'~-"-........ --~~~:;:...~~~ 
Colul'M 3* 
Gu flw ~ 50 11I1/\I.11n . 
!l.efer.~nc't :: 

AMl1)10 ACtD 
Cystein!ll 
VaUne 
ALI.n1ne 
ltIoleudnll 
Letll: ;lue 
GlydllUI 
h OU,M 
Aspartic Ac 1«1 
Thr4lonine 
~tb1on:l.ne 
Glutamic: IIcid 
l'heny lilt lal'li,ne 

Am RNilrU.<:: Ik1d 
lift S ~ a~~t § n 1 \~ 65 ii~in, . 

Rdl.l!:l.VOl l~r;\\mtiQlI - --:4f---
.uo 
. 7} 
. 12 
. :l'S 
" fjs, 
. 89 

1.00 
1.12 
1.12 
1.11 
1. 20 

~, to,,",, · • 
~);, .. ..;.;t~ ~{t,~ n 

100 
120 
125 
130 
1St} 
ltj(l 
1(,;! 
170 
170 
no 
170 
110 

~ 1. Z/i 

) () 
) 

) 1.24 
) 

!!§1! 

. 00f> 

.. OO~ 

*F.;rTe-~;-w;a t,;l:<v>P~-;~-ire'l 3@~ ~T 65*;;":----- . ----"- -"- " 

Clllh_ :1.* 
(;."-1"10w"" SO 1II.t!11'.i~. 
Rd'\t:l:an<::,," Asp_rtte Aloid 

lai. ~~t'lI 1 @ 81 min. 

Re III U""11 IIfH4ml: ~ .... -'~,.,..'x--:~~r~---·,.- ""~Wl' eel ;!;:.,:,.j'i,!,': >';"~," .. !:!~§:Jl rt~~rf 

o!t8 
.63 
.66 
.74 
.82 
.8S 

L Il!) 
to l2 
L12 
1.18 
1.20 

ao 
no 
uo 
US 
US 
145 
l SI) 
WI 
110 
1/(1 
HO 
no 

. 011. 
) 1.66 
) 

.0075 
) 

\1 ) 
) 
) 1 .. 24 

:t"'#Z""~~,,,, .. ~:;I.;.t~~~.:..~~,...~~ 
Go l \JIlm t.f!< 
0:;$ F'lw -' ~ 50 ""v,,,lJ,!'I. 
!lJ'f~!:,q !I"\" '" "4"Jat't i,,, 1\<:1<1 

\tel. ""t;'" 1 (4 SO min . 
!!!.!ll.!Jv<1.J.le t<1tlJ i\»\ ,tE!!? .<!12l 11m, 't.1 lIE'1'Z 

.32 120 

.48 120 ,O2!) 

. 52 UO ) 

. 5t • un )t.Z4 

.M 1.:10 

. 16 U S 

.ao U !l 
1. 00 UO .OO~ 
1.08 110 ) 0 
1.08 UO ) 
1. 12 HO ~ 1.24 1. 16 110 
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';Y$li:iid,a 1"*s()Itutt_but tun tM$ no *~,,*r$donuf 11".­

cilia im~_tbi.tn.; lUile<tt:hlil resolutUmoftheHsmu 

aetds uaquatw 'sero, fU1ftIMf'IIlI:t~t!£l at IJepall'adon 

were ahanc!OMc. WGik ~h thcol_ vall' then lilDibJd t o 

,1II!p\'ov!ng the aega1.'ltti_ of al aaiM ''andiliOtifudM. in 

f1hemrl:e!!t piJs$&le tta. M C'4n later"'M __ • alaame 

a!ltd ill'lId.euctll6 .... 'Wry' dUficult to w€ulo-l .. 'I1t Oil Ii CarboYalit 

!to K eoltn'm \!lilt! 1t 1$ thnfGre II!II)!1'I!! c:omfen.ient to iI"ptlll'ate; 

til ..... 1% Cal:'boWlllit ' 1540:celmm:. ' 

1h.f''''tClttiondiiltaf&"Oill(n.:,er_n!u~aied lit ~ 

provine tIM separation are Ibtedtn TaM .• ". PrOF'II-

1n$ ailllilar t.o·· that. ,u.", OIl .n 3" col_' w . ' trull. '.ftw 

MlliDo ' aC'tdcoer1vatlwn Vfl'e 1.ftjectect,' ilt ' 1SOC ani th" 

t .... r.tlar. ·prog:._d to tise lO/llliimte ' to 16~. 'llher e 

1:t·.. it .. lei for the r ... inde1".ot' thft 1.'iQh 12u!o "R"l' 

•• f1 __ .30ml/lliinut..L1Ule ~O"lIIiIIlltt wlla. a d. 

ii4 tilll¥ftlu)lul:lmlot" <:Jet_. 'llhtek !lUll bad ,. a Vf!lq 1_ 

relaUve II:'l!ttlllltlc>a. 'ftI.el'e.lutloD of a1>mi_ ani tao­

·lhcirle·.al_ than lmthe8' col_(1.66 as '~ 

pradto2; SO) • 

fte flIiDo aetd 4niyitcivu _ethell' injected· with 

the colllm at nIOIate.,."atUl'e ani the t~r4ture helel 

fOll" i._tes to allow p&1.'tit"-:Ulacf the ester.. Tke 

ttlu!!Iperaturew$ pragr_dto rha2O'/~tetol,7.e~C. 

""here itllfll.a beld f!Wthe ' ftllllll~r of tm:. nIn. ~,." e."i~ul 

pllfl$W Vile inerea.~111 t o 50 ml/l1I!1;m.te. TM relativlI 

.".0.:~:~'l 
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.. ettat.f.oQ .f qat.tn ........ led froa 0.16 to 0 •• allel 

vaa eOllpleeely •• pawabl' ffoa t.M 1att1al .. lveat pe.k. 

... total ... 1,.1.tl_ va_ 97 .taut ••• . 

A .t.tlu: pro_e. va. •••• (col ... 3) Ht t. 
t .... l'u ...... ~.I.e.t.170·C .at ,O/ __ t.~ TIle 

re1attw8 w.teat1on of OJeteta. had tacr ••••• to 0.4' .ai, 

tile aul,ata tiM ••• _1, 7. alPt... The re.oltatioa 

of .1 ........ el hoi ....... 4 .. · •••••• ftOit 1.6th 

1.24 but WI. DOt c.-itt .. l .... c. til. col_ .fftot_., 

........... elfI'O' • BlIP .f .025 to .006 _ .. 

It ••• " •• r: .. ' tutt.. ...t r •• oluttoa of 

ill .. "'. aad 1eoleucme ••• at a C ....... tue of l2OOC. 

Th .... f ..... thod of p ... --. ••••• , .... 1ft _101& 

·tIM· ... i •• ttv •• were lajeo .. 4 vitia .the col_ at rtOOll 

...,. ... t •• and .fter: 8 __ t •• tIle h ....... tun ... t.-

. cr ..... '·to1200c e1l4 01 ....... til uoleuc1ae _ 

off,t1aea ·the· t..,. •• tun .... 1tll_ pr:op ..... a·t 

,o/.auteto 17000 or ,... ..... uothe .... l1y to 1700e .. 

... .... btl ..... teati. 01 ey.' ..... W. ROt affeo," .. 

the nsolu.ttcm of .1 __ au uol ... 8 .... til1 1.24 . 

ad the· 001 ... fflcteaq (liT') va. cltft ••••• elf.ahtl, 

to 0.020 C1I. '!he Eat fa ... ab1A factor v •• tbe ... 1,., • 

. . tiM "', .... O1lly 51 .alau, •• ",Sluce . tJal •• ". ...... to 

be the .bowt •• t a ... lY8". tt. for pod I.,al'at! ... OIl 

dab col.... tilia ... 0 ..... ft. t .. Oft. tt.at ... f1Ull, 

••. pte'. 

~~~7~f:<':~1 
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A 20' • \" 11 CU'-- 1540 eotu. va. ateo 

trt •• nt did DOt •• ,. .. at. thnord,na alld _Chiem'-. 

Althouih the .... olut... of a1 .. 1.e ... leeleu_ta. vu 

ltIpt ... ct the ... I,81s tt. .... OftI' 100 .muc... Aft 

lB..... sa. tbe · ~." .0' ~ .... of t • ..,.atwe ·.. IA tile 

... te of p. flow ..... aot. a... tot.,rov. the .. ,.~.ttoa 

oathe 10' x ttl co1_. 

(0) S.,. ... t.toa of the ·.AIdao _I. · DQl ... tlw. ' 
.. r !9 ! ·1'· QaD!B. ~. !! S!Ja!a 

ca...... (pol,etb71_ 81ye01) v ...... te .. . \~;; 

... ffeoti" 1"" ........ die . ·.,. ... ttoa .f ..... 

u,a. .. ClIIi.tio ecU • .,..,. 01MD1, .. ,.~.t.4 v,''' .. 

""1"" .... the _,_ ..... tap .a· that till •• lal.'_ 

".'_t.toaa-101' .ach atdao .flid 1' ...... cI ..-tat ..... 

• 11 .... ~ ..... t.l CODdi' ...... 

SUI.· CUNvaa U40 .... oa1,. • _t_ t ..... -
_baH acatJ111t7 of l"O-"o-C it I. lild.t" ....... . 

It ... tH •• f._ .oWO to .... te • ea ....... .. 

........ at .'._t..,.~."... ...... ao H.t .... ... . a 

up to/' .... r.t •• of 275·0 ... ,... •• ita.l •• 

l' CU ..... 20 .... 4 ... ,.,.& s (80-180 .eh). 

,.... taa. "I'J "'81Qiq ........ to be .. effeoei .. 

ft_" A cOftcerted .ffw* ..... _de with Ca...... 20 It 
. . 

.. t.fillcl ·_'t~ ... . ,_ tile N.t ....... 1 ........ tton •• 

the ..... old .. "lv........ !he ... t •• ott_ .. 111 

'''.CU ........... t •• 'tll 11 ca ..... · 20 H col ....... 

t.1le ... ·he.df.lap of col_l ... th, co1U111 ... 'cilia. *..,.. 
atuft .. __ ...... , -n_ ... '1 ..... 1:. Del .... ,. 01 

11 .. 14 ,. ..... 80114 • .".·t.. 1be .xpol ..... 1 

>. 



'tAlILm: 26 

~. It ~" n. Cat\)ewlntt :W 11 \;1J;hllW (U&iIIl'l _ '" 50 !.l/lflin.) 

COlJlMN 1.* COLUMN a* COLUIm 3* oot.mm 4- cO,Wl!1li 5* 
AJlI>/lrtt¢=' 1.00 @ SIT'adn. A~p" l:tiO @ i.-a-m1n. '&"'11" Loo @ 46 min. ASf?" 1.00@41 min . Asp~ r:01f@- al min. 

AMINO Rd. (ot;) Rel. ( IiC) ad. (OC) ltd . (6C) &'11. (Q(:) 
AClf) .........!et· l1 . n Ret • e. Tt!l!2. • ....&li.Q Re!t ·J\._.!!J!lll ft<f,!!.·A._ . ....3.:it~.!fL.l!!!P-,...Eu!.n._ .. ~ _____ _ Tel!!}! ~"':!!i..-..R., t: 'n _T~JlllLB"s • 

C11>t . 56 140 . 24 90 . U 
'ld .... t> 140 .43 9() . 35 
Allill .68 140 >0 .62- 120 )u 
nit ... .66 140 } .62 120 ) 

.52 

.52 
1.el.lc .72- 1.40 .74 140 .61 
Illy .&2 140 .a6 165 ~1i 
l'ro .au 140 . !H 170 .33 
Asp 1.00 190 1..00 200 1..0t} 
'tn!:'fI! l.oa no) 0 . 66 1. 07 200 ) 1 :t2 
Mliltn 1.12 22$ ) •• . 1. to 200 } . ' 
Glut 1. 13 230 ) 0 • . )0 1. 12 200 ) 2. 00 

1.10 
LUI 
l.ti> 

l'l:;e 1. 13 :u.o lo U ZOil l.ZO 
S$r l.Ui Z5() 1.1.9 2U\) 1.26 
At'S t.28 :nO) t. 47 260 ) 0 .14 
Uyp 1.2'li 270 ) 0 . 50 1.40 265 ) 
I.Y$ 1. 3·() 270 } 0.66 1.S2 210 

1.54 
1,56 
1.53 

'1)'r 1.$6 :./10 1 .• 116 :00 1.83 
iUst 270 2.10 270 1 . 91\ 
Trypt 1. 94 210 2,.34 2.ll 

90 . U~ ~~O 

' 90 .44 120 
120 ) (} .. 5·0 150 ) () 
120 ) .6f} 150 ) 
lM~ .74 1.70 
!.SO .i;I~, UlO 
1$0 .3$ l Sa 
180 1.00 lSO 
1110 ) 1 00 1.12 1/.\0 ) 
190) • t . 14 MiO ) 1.20 

ISO 1.1' l eO » 1. s0 
l!J!O l. l 3 l eO 
19'5 1. 3:( 195 
260 } 1.66 1.65 240 ) 1.50 
265 ) L.68 240 ) 
2'10 1.74 240 
210 2.05 ,170 
UQ 2.as 270 
270 2.42 no 

.00 

.35 

. 4S 
,l,s 
,,6 1. 
./S 
.33 

1.00 
1.24 
1.2~ 
1..28 
1.3@ 
1. :>9 
1. !l2 
:<. , IlO 
2. til 
2,,7$ 
." ........ 
3. 30 

n~ 
126 
IlO) 
130 ) 
ll~O 

UO 
170 
185 
190 ) 
195 ) 
no ) 
no 
241) 
250 ) 
;1;60 } 
~10 
210 
270 
270 

(I 

0.40 
1l. a4 

2.00 

-----.... --,,... ... ,---.-- .---,-, ..... - .... -...... ---"'-.,~--.. -~---..... -....,..-.-.... .---""'---,. .".-~,,~"""'-"'--,,~,.--,.,.-"'-... -~<-''''~--
* l!'Qr T{illIIPllw~tutril! l1'rolPcalWl SQ!!! lJ'a$lOS 61 w n . 

C; 
:;;:' 
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Itvtdlll:1ee Fft,&entec il;}du6es IInly the M.ghlights of 1.llllUt1 

e:llll""rt_nts 1t'h:i.4::h 81"& desl:l'lb@d in cli:rtmOlogiC411 <Jr.!4'lr. 

1. Separati<1>%l of Ami_ Acid IJerivativeiil on a 
S' lit I." 1. CarUowsl'l> 2.fJ M CQlulI1il .. __ ._ ._...3t-.'._~_~-"_'~_ " _~A"" '_> ___ ~·_' 

An 6' :it f:" I.%. Cl'trl:")(i!Iax 20 It "01_ wa. ehc.sen 

arbitl'sorlly b@eauss an S' l< \ .. 1'l. car bowall: 1540 

eol.umu had be.n !IIul:"es~l. 

Fr_ the fuel: few 4xperil!!eBe& it becallilO obvious 

that the 1:'''801ul::I._ of ala1!lline-iaoleuci.ne, ar$UtiDe~ 

hydroxyprol ine end thre_1ne-methionine would be 

dUficult . 'l'be propel' ~rature had to be found 

for 1:'..,3Glvi.u$ tlle31l1! amoo acid, and li t the al,lI_ tiu 

an attempt was ms4e to separate all 19 amino acids <1>%l 

the <In!!! co1_. 'l'<l1IIp<Iil'.lIv .. ure FOUlll!!l!lll1ng became 1lI 

e'l.'iUc.;\l £ • .::1:011" i n ll'iilileh1ftlli tft<l'.!le oojecUves. 

IniUally the carrier saa flow was kept _stallt 

at SCI m1/mi.uute ill aU tM ~r()8l'8!lwg. These ex~ril!!illnts 

a.lte described be lOW and the retention data listed ta 

Table 26. 

In the fust run tl1e /lfd.uo adds were iaj$cted 

with the colU!!ltl at '1.'_ u!!1perature . After 24 min­

utes the temperature was rata" to 140° C 1tlotllfi'anUy 

until proline wat> eluted and the temperature t hen 

proar_d to diM" 1.S0/'IIdB to 2700C. The 1011g delay 

at rc_ !:em~rature vas mclltlJl!I.!Iry to elute the lIo1vlilnt 

fr_ tlie eo lUll!ll. Alanine and :tao leucine welte not re-

solwd at 14\iOC, threolli.u..~_t.hicmi.ue-l!llutllme IiIdd 

o-.-;:~, :\,' 



4)9. 

1i'~r* ~r1y resolved lit 22~C an4 the Y""llclutioa of 

Ilr!\1rd,ne"l!ydroxYPl'ohlie Wall ~" at 211'Pe. '1'yr~dne 

.. nil tl'Yl'top'han were elutEd but histidine did net ' 

co. off the colu~. the ana1y.ds t~ was 100 min-

utes. 

In the second run the rate of jiBe of t~mper­

atur¢fw<ils reduced. After the' est:erswue injected 

iit Ji:'ooa temperatureth(i"i!ven tempei'etUl'€ was ~d­

istll> 1y idlledtc)9I)OC ;t'ld held there fiMtZl)l!Ilm..tes 

uatilSG:I:~~ntw81l el\';t:elf. ' 'Thelta.ratut'ellac; 

pr~iII!!_H! to 1.'18. ' SO/Jdmste to 20001: aM beld 'tbere 

untU: phenylalan1¥ _II elutlld'thett '!'rosra_d, to 

rise at SO/minute to 2700<:. The retention tiaes' _n 

shorter and <:ystetae appetlred 'after '10 IlIinutee all 

p.1irt: of the solveat ~ak. Alanine' mud uoleucitul 

we~e mot "solved 1It.' 12OOC(thellsme te!!lp/llratUre ' at 

~b:h they ' wer~ 1.'i'~lOlv" 'oa"the t!mrbowlilll: '1540 'Colulll'il). 

:t'lti!tseparation of t br_ine aM ""'thiOld'a was U h 

prc.ve6 at 200°C (rellolut:1011 of 1. U)'WbUe l!Iethlolline 

;!Iud 81uume showedl>etteZ' sepu .. tiOD" (re<llolutioft of 

2.00). '!)rosUm, h1SUc:lta aniltryptOpbal1 Vere eluted 

at 27aoC. but due to the 101:13 retention ti!lll!la pe'l'lllitt­

!.nil mmdderable ~itudinSl diffusion their peaks 

'lianwiGilJ. Htliltld:l.nea,pal'ed to oel'artly retsiltH 

1!Illthe c0111_ siile«its peak vae mch "~thllll be­

fm:e.attenuatfisg at 0Il1yz40inll t:.ad ' oi' the expected 

x 1.66fct' that particular COIl<:lentrat:i.on. 
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In the next run a slover temperature program 

V89 adopted . The amino acid derivatives were in­

jected with the column at 9QOc and after 20 minutes 

tbe temperature vas progra.aed to rise 30/~nute to 

1900C and held thero until pbenlalanlno U8G eluted t 

after which the temperature was programmed to ~i8e 

SO/minute t o 270oc. CYsteine was eluted too quickly 

(1 adnutee) • • laniDe and iaoleuctne were not resolved 

at 12()OC. "n\reonine and aefh ioDine aavo resolution 

of 1.00 at zOOOC and t he separation of arsinine­

hydroxyproline vas improved at 2600c. The tyrosine .. 

hloUd1De and tryptophan peaks vere too vide because 

of their lonl re~antio3 times . 

Iajection of tbe sample at gooC gave sbarper 

peaks, but cysteine was eluted too quickly on an 

S' column. The temperature. vere lowered to 1800C 

for threonine and 1I8thicnlne and to 2400C for 

arginine and hydroxyproline. The esters were injec.ted 

at gooC and after 20 minute, the temperature was again 

progrlJ.13fled to rise SO/adnute to 2400c. After l,.sine 

was eluted the temporatur~ vas ra1sed isothermally to 

2700C. (colu .. 4). 

Alanine aod 1s1euclne were not resolved . thre­

onine vere partially relJolved at lS00C wile 2400C 

i~Qved the reaoluttoo of ar8inin8 ~hydroxypro11ne . 

All amino acid. were eluted with an analysis tlse 

of 104 .inutes. 



An att€l!llpt was !!lade t6 sharpen up the peaks giving 

better reooh.1ti(>l'ls by raising the tllSlPerature more 

rap1dly. (column 5 of Table 26). 

The _inc aetd derivatives were injected at 120°C 

$11<\ after 6 minutes the temperature .$S progr_d 

to rise SO/minute to 220°C then raised isothermally 

to 270°C. Thb program was too fast. Threonine 

and methionine, attl!ell$h resolved previously at 

ISSaC, were Mt resolved ift this run. Argil'lifte, and 

hydroxyproline were resolved at 24()OC. Histidine 

was not eluted. 

Fr<>!II thee€! experiments it ..... deduced that an 

initial t(!l1!pera.ture of 80 - OO""C with a delay to 

allow for elution of the solvent and for partitioning 

of the amino acids at a low temperature was apparently 

necessary for maaimum resolut ion. Alanine and 

isoleucine could only be resolved by increasing 

the efficieney of the column by increased column 

leagth. 

Maximum resolutions of 1.20 for threonine­

methionine at 180_190oC and 2.00 for arginine-hydroxy­

proline at 240"'C vere obtained and could Mt be improved 

witt. this column length. 1ft order to improve the 

re$Olutt.ons the column length wes increased. 

SlmHar results ~e ohtabted on Ii 10' x 1/4" 1% 

Carbowax 20 M column. 

' ,"i:'X,~_' 

11. 



/lep".1:t 1,) Aei.t1 
Temp~rlt fcClre 

;; 

:17 

a' >: \" 1% Cllr!"ow,u; ZO N Go 1 UI!lm 

1. 00 (i. 44 !IIi .. " . 
rooro t~wp; 9000; SO/ min to 2000 C; 

SO / n,iu t<> 2;f()OC 

{QJ,lll f l ow !: 30 ml/min.) 

ASp"'r t ic {,dd 
T e I11IH.lf' Ii tW:1I 

~ 

<. 
1. O{l @ 2l!f mi.",,,. 
9()1;iG; 7. f>° / .. in. 
to Z;WOlC; :no"c 

MiTIH) .~(;JJL .. _ ... ___ .~:_~._ g", t ·.!'...._ •. ~I:1..I!\.IU .. ~S2. __ .<~~:.'1._ ... _._ .... ___ _ _ ... _ .. __ -''$?:.h....!.'lt:n_ •• _ •. Te~3''CL"" .... ~ • !L........-

(;y !,~ Ie'~ i.n.Ib'! 
Va Ij,n,~:: 

Alan Ine 
IsoI~uG i..t)'~ 

,L,e'uc U10 

Glyc irlll 
Proline 
iI!I par tic 
Threoninll 
Me HI ion il10 
Gl"l;&m1c Ac id 
Ph,my 14 lani"" 
iierin<? 
lIl'g.lntne 
lIydrolllYPl'o 1 i!ttlt 
1,yllil:t<!\ 
tyrodne 
libUd1n<!1 
l'ryptoplum 

. 5(1 

.1i8 

.73 
• ]i. 

, 32 
. B9 
• ,J3 

1. (It) 

loll 
l~lZ 

1. 14 
1" US 
1.23 
1. 55 
LSi 
1. 62 
L86 
l . UO 
Z. H, 

90 
135 
1::'0 
no 
180 
190 
200 
200 
200 
200 
ZOO 
200 
210 
250 
250 
250 
250 
250 
250 

) 
) 

} 
) 
) 

) 
) 
) 

.l6 HW 

.51 160 

0.66 . 6\} 110 ) 

.n 110 ) 0 .50 

.79 lao 

.86 1, 

.93 ;WO 

0 .50 
;. :1.0 

1.00 220 
1.08 ;a;w ) 

0 .65 
l.10 no ) 

1.12 ) 0.66 

1.16 2 "U'A 
4<\,.f 

l. 2.2 22Q 

1.10 
1.31, 

1. 78 n o 
1.86 n o 
2. 01 21:0 
2.54 270 
4.68 270 ) Pe ttit. at'tUUl ru:e 

3. 35 :ao ) v"ry low 

'Ii 
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12' x k" 1% Carbcvgx . :il1) M COlu_ 

72. 

By iru:reaaing the col<J\!m length. attempts we~e 

still !Moe t o sePlIra!::e 411 the amino acida Ott a 

Zih~l€$ ::olu'mn . 

The <Imino ,"cids !""fIre injected 111: room !:elllper-

ature alld after a minutes the 1;':"'Plinrature was raised 
,t" 

to ';jOe.:; isotneruUy lids for !inc!:h"r 12 mil'Kut"s . 
,. ," " :', . - " 

The te~ratm-e ... as thea Fogra_d to rise SO/minute 

1:.0 2511'''<;. (sae Tahle 21) 

F\:n: til .. . fint U I!i1! alanine Smt'" bol~n<;.il.'le ,,~W<lt<i 

staoo of l:.ecolai~ s.-parated. At 150°C there was a 

spli t l>et1il'iWI> alanine 800 isoleucine With a lI'liulolut:i.<m 

of 0 .66 . This IiIse promililing. However tlte seP'!'faUon 
.,. ' ".: ,\: ....... 'd", ' ' ,',': ': " 

of threonine and tl!eth101line was ver y poor at 2000 C 
, '" \,.' \ 

IOao arsin1ae-hydrox"pl'o1!ne 'f(ulolution 11'11$ poor at 

o 
250 C. Peak" for aU t he $lI1ino !ldoll were o~~~.;~eo. 

Since tile threOtt ine and methionine peeks were wider 

tllen en tn" j)' eol_ it, was thQu!ht rut higher 

temp<u:,&t;U1('iUI m3ht impl:'ow th.a re~olut,itm ~~h;!rFen­

ing the peaka. 

The emuo acids were injected at ~C snd ;jfter 

II lIlinu tea the tet!!pera~urlol prosr~_d to rise 7.So/min­

utI! to 2200C. After the, e!uU_ of lysine the tem­

piu:,atur$ Willll raised ieotl'1erooHy to 'l.1fl'c. (see 

fable 2i). 

Alaniae and isoleucine were IItill split at 170CC 
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73. 

but aot resolved. 'lbreOlltne and meth-i01ltlle were not 

resolved at 2200C even with the sbarper peaks. How­

ever aeparat ion of a"siBllle aad b7droxyprol~~; ... ~ttl S : 

iaproved at 220°C. Thi. htctleated that threOfti1le 

aad .. thiOftlue were 0011 reaolved at 180-1tD°C .R4 

thi' re.olut1oa was not dependeDt on the ett.-,. ••• : of 

the peaks, The de~lvAtl .. of all of the • .tao act .. 

~.r. eluted but the peake' due to blettcttae -w. atil1 '-

1- llld~t1na r.te.tlon en the col ... 

I~n: 

rrom cbrouto •• p1l, OIl the 8 aRei 12 foot 11 

Carbowax 20 M colwr.a snetal !aport.nt ob&e'tvattoas 

WI'. _de. For resolutioa .f alanme-'1801euctne a 

ve,., 1011& colulIIl would bw ..... ired to aive aa tn~e ••• 

itl the nwaber of theQfeetcat platea for the parti ... 

tloDiDa of the.. .uno aclds:. The temperature of 

eluttO'Q of thesa gtDO act41 '.between 140-1600C. 

Resolution of threoaiae ..... thlonine require. 

t(uIIPeraturea betvQa 180-19OOc~ OIl the 8" c.l .... 

oal1 resolutlo ... of 1".20 _Jr. acbieved. , Therefor. 

in order to obtai" lde.l resolutions of 2.0 or .... 

an increa8ed coluaa leaath would be requl~ed. At 

temperattn'ea 0' 230-2400c .~atJa"'e aad h,dtoxyptoltu;, 

save resolution. of 1.50-2.00. Increase 1R coluaa 

lenatb should allo i.JJpnVe ttt. •• paratioD of the •• 

amRQ acids. 
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74. 

If ideal conditions for the above aaino acids 

we.. adhered to it became apparent that separation of 

all 19 8mino acids on a .ing1f~ column would •• 1m-

posetble 8ince the •• 'cond# tons would require in-

crea.ea retention tl .. e result10a in cliffu81011 of the 

lesa volatile tyro.t1ne, h1st1dino and tryptophan 

derivatives. Tb.~.fore attempts to sepa~.te the •• 

' 8tid~Q acids OIl a 8inale colutad were abandoned anel 

work was coac:entrated on obtaial1l8 a aooct •• p .... ttOl'l 

of the first 16 atdtto acids em otte cot .... 

3. Separation of ~no Acid De~t.ativ •• Oft • 
. ~o· "itt . 1% Carhovax 20 H Solu-_ 

Once a 20' x ~t l' C.rbowax 20 If columra •• e 

shown to sive __ eeparat1.on of .at of the .a.1ao .ttids 

tbe fQajol'ity Qf our chl'o.atearaphic work V8 ... OIl 

thu colullal. 

\1.1\1811 tbe lenath of th.e column vaa doubled, it 

WelS nec •• aary with t.h •• a. t.ml}(~rature proar .. to 

1ncre... ewald.rebl,. the c.~J:1e1' ... fl_ (frOil 

40 al/.taut. to 80 al/-'aute) .0 that the acid. would 

pas. tbrouah the coluaa within the .... t .... r.tur. 

raqe. Kot:eover since tho llulllher of theoretical 

plates had doubled; twt~ the aaa flow rate is Q ..... 

to obtain therequtred effioiency 'wlth eh • .-, peates •• ct 

very little diffusion. All of the exper1 .. nts with 

tht. colUGD we11e carried out .,itb • aae flow of 

80 al/minute. 

: '~~; 

S{~ 

~~~~ 

.. ~.~. 

{;~ 

~~~ 

~~~ 

~~ 

ti:~~. 
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75. 

In th~ succeeding experiments much time was 

spent in findios the best temperature proarsm to 

obtain complete resolution of alanine and 1aot.ucine, 

threonine and methionine and arainine .and hydroxy ... 

,rollne. It waa ssawaed that the 'separation of 

t1J:o$ine. histidine and tryptophan would be best 

achieved with shorter eolu_B. 

Fro • . tbeexperiUlenta discussed previous1)' 1t 

seemed cldar that 10 order to Obtai. complete ~.­

solution of the foreso1aa pair of amino a~1d •• ri· 

vat1ves the t~mpetature progr..-ina would have to be 

arranged to elute .laBiAe and isoleucine at 140-1S00C, 

threonine and methionine at 180-190°0 and arainine a •• 

hydroxyproline at 230-240oC .. 

(1) Cont1nuou,s Tep1Per!!ure Pr01£4,mm1na 

1ft theae expel"lMnts a contlnuoU8 r1ae in 

tempera,ure was used from the injection t~ 

perature to the final colulDD tempuature. It 

was found that the a.tao aeid dertvativ •• had 

to be injected with the colu.a temperatuxe abOve 

ambient. 

A coluwn te$perature for ~jeetion ... 

found which would pendt partition of the aalllO 

acid derivatives without eluting those of low 

volatility_ 

'lbese exparbaeata eatablt,hed the necesstt, 

for pal't1tlOJd.q tbe alllDo .c14. at .. low t.~ 
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if; • 

p;lra!;~ fpr K .tl;.lm:it;e~ l?ed~, of I:$m!it, 

!I} cob_lot ~shle 28 ,arellhGUali:l:ie re­

t!l.ll t;:!, .. ,,>f . 4.n ;i/lf;?&jI'.W 'f.lt; ',.' . .in~lh!¢b !;ile am~no",.· ... e i'.d 

~;;d.vat1ws lffl!'lt injectec mtb t~ "'1)1_ lit 

69~C an(\.. tUet"lIlPerl,tl:ure .J:l!;!!!IediLat" if 1'1"0_10_0 

·to·· r :illll' 2°llllill¥t(l \.~~ ,2SOf!'!: . \11 i tll ttbts ,. !r"''''i): 8_ ... 

u.lt dllr<WirJ.ooandlOOtM .. Iim~e "ffll'e ' dw:~ $It 21013
, 

¥;!};h a ·l)'es01\1,Uf.I1\ ~f J ... Jil) ,,>1<:1. ,;;rI!i1nille",lIy4I.'oz:y­

iY;tClUll\\l.we.1.'1i' "'1~tl1ld. sI;2liC9C ... bl;lt Wt'll..'e pl'lftly 

:re,,~.1v".§ . ~ew te~iJt~a .W!!r<i! tn ·t~et t~ 

h+~h. i~'I;1,'esQ ll.tttim. Al_~.eand ilioleudne '.Wl'e 

Jlol; reeol.ve4 lOt; .• 1\3$"C • . 

. In t~e ~rj.!I!Iil'!le shewn in colui!l!t.2 of 

T.,Me ;i:/,j. the · te1!!lPertl,f;.u'Ql 1'I&i!' hd4 .ae t'I~ct{>1t 

24",~u"'<ils .. f !:eri.nj4lctUig to se" if t h" _1M 

&eid$ wer<t F~i\Lt:1o*4!.n .. t t~ m iotLal . .t..~ratut' •• 

A.I; I;~r )1.4mi1'l;11'i413J:n. t"~rl!!tlir<llwa8 "t'1It",~~d 

tli> .r *'il .. .. $C' JIlfiJl.taUfi,4., tf;li .~~C • . ' 

'£hreGn1~ and .... t\.llqA~El ~r • . 1iep.il.-1Uttec ., 

1 ",~9c , !Ii!'Lt~ " ;feeQluU~' "'£ ~ . 14 Iiofh:t1\lO . Oiill'gi.Qi Q"" 

.aud 'hytlrQ:;qpt:Ql.~e ~1'" :rlll$.,l_~ • lit 2$ i}OC ';I!il.t h 

a ,,relloltitioa ot. 1, 00. jll.;m.1I;e and _l>1Oudae~Q 

t1Qt;. 1' ... 1>01'1$<1 at <1.~I)Qe. 'J)he .l.D~li'e~$e4. ll'''/I,0114t1o~1I 

W<i!i;'1lI • t:t;o eitller the. l~r /il.);utiqA f;;¢~"' .. ~reli! 

o1' l;he~qag. .1&,- .t .~ i.n1ti .. l t~~1' .. tu!'fI .for 

pert~t l,<;I",.l.1'Ilt Q$. ~(j a!l'~ $"ttlll} . 

-7,',\.( 



77. 

The effecta ofpart1tioalaa at • h1lher 

ioltlal te.,.rature (70.0) were tben tried. 

1. tIM e.peeilleDt ehOWll .... co1uae 3 the deri­

vativ •• we ... tal"'." at 7000 oct the teaper­

at.. , ... clUtely ,.op_d to riae · )O/.wtJjte 

to 150°0 until 1aoltuctue was eluted 8ll." wa. 

thea 'l'0p'-_d at to/_aute to 2400c. A fair 

8epa~atton of thr.OGi....d aetb1oatoe ... 

obtained at 1950 C with At .... 01ut1oa of 1.50. 

However .trainiae and hydnXJprol1De were pooI'11 
. . 0 

separated at 240 0, a teaperatul'ethat us_II,. 

.ave a very aood re.olution. thi. poor reeol­

utioG could he due to the fact that the .8t.~8 

were Qot partitioned .t the initial coluaa 

te"'l"ature. 

III the exper.ot .howa 10 col\l8l 4 che 

acno acid derivative. were .piD injected at 

70Ge and the t .... r.'ur. ..1ntained for 16 -'.-

utes. the te ...... tu. wa. then 1Ile~e ••• cJ lao ... 

thermall, to 12000 •• , then proar..... to ria. 

2o/minute to 240°C. '!he separation of thr ... ta. 

and _tb1oaine v.. 1.,l'oft"· at 210°<: but tbe 

temperature .... at'11too hiah· for _ the1l' c.,lete 

resolution. A ve~1 aood resolutioa va.obtaine. 

for ara1nine aad -h,dl'oxyprol1ne at 2400C. Thi. 

resolutioD therefor. 8Uat have beeD due to the 

partitionl". of the dertvatives at the 1.1t1&1 

eol_ t • .,. ... tur •• 

~~ 
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20' ;,{ \" 1% Carbo"'.. 20 1'1 Co :tum 

lli,,,:,cm,UmroU4i Tempe'l.'4t<l1."8' i"l:'CllJl'aommin~ 

CCll _ 1. '" 
;"'''i> " 1 :00 ~ Sl. mitl.. 

Cqlu_ 2.'" 
A~~i-;-I:'OO @ 4a tUn. 

(Gall rl~ ; 80 ~1/m1~ote) 

~1~Il)QJ.:! 
"\I'p " 1.00 @ 67 !\\i,n. 

'-..... · .. ·'-"'··¥<-.,~· ... -'--"-----"·-·-·-·~f: .. -~-"Tflffltp--.. -'-"--·1i:;;r:-w 

.. _· ... ,..,';!tikRnp -.~,--,--. -i~ t:- .. Terni"-" __ m __ .~--'-

~l!O .. fo91J0~_" ... ~u ,' __ ~"'"'_.~." .. __ , __ .. ""_,.,~ ___ ~,_,--X&0, t ,~ f;~ ,,~,_~,~a~ __ .~~$ ~\l, ' ..... --."~.t~!!..,_,_~{~~~t~ __ .~!;£~Jl. __ , .. ..l!!~~L~.,,,J.~gJ ...... ~~_jl~1.!~!~~_~_"" __ .. ~ 
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.lst>i<lJ>""in<1 . 61 no ) ~ 1 1 UlO ) , . !o% ~60 

) .. \ j 

Leuobil.l .71 11>0 .11 195 .611 16~ 
G 1:v c. tl:tlt .81 lliS . 116 tlls ,76 170 
Protille .a6 186 .92 195 .84 113 
AIiIPIlI!'t1~ 1.00 is:; 1. 00 195 1. 00 lao 
'ihre,on:l.ne 1.20 Ui$ ) loU lSS i 2.50 

1.20 US ) , 6A 

Iil<eth1onin41 1.14 UK) } 1.66 
1 . 1~ 195 1. 24 19(! } .. ~ 

Gl\lt4mic l.J(l UI) ) \. flIl l.:n 19$ } 2.5>0 1. 23 195 
Pb~III:V 18 tan tM l.Jf> 200 1. 27 195 1.38 :aU) 
Se,X'inlt 1.<.3 215 1.38 205 1. . 46 215 
AI13:!,nlll~ 1.96 235 ~ %.50 

l . 90 245 ~ 2. 20 1.94 240 ) 
nlldrol<)lI't'<:I line 2. 011 23;) 1.94 24~; 1.97 ;,4(1 ) O~ ~o 

l.ystne' 2 .. 12 2:)13- a.ll!} 24S 2.08 :140 

.. ,-"-"-,..,~--<-,-..,...-.< .. ,....,,...,.~ ~<,.,-........ -.~ ... .,,,.-, •• - ,- ,.," ,,"--,--"'''''''-.''' .•• ,,-.-,--'" ............. -,,-,-'''"'-~,...,~.---=.,--, .... '''...,..,.,..--...,,-.,.""'.--"' . ..,....,." ...... ,-~." "' ... "" .... -.-"~""''''''''' .. ~,,,.'''--~., ... ''' .. ,". 
it ls'-~Jr temp'Jr*tuf; {¢ l"t'lWijil'b.Htts ~~'I\te 1?a3t}tt /'i~ ... ~II 

-'k 

;; 



19. 

_.;,:,:.1,; 

'l'<t1:>111 ~!I aivli/$ the retllnU<m vilil"es fM 

the cbr~tographie separatious descr~ be-

low for dillc!»l~~1'!U<,)Us~~~rllt~~P>9g!:~~ 

:l.t'l3. 

All chr_tor,raphy .. as IHtd 'orme. d ilI'ith a 
'" .. <,. ." ," .,'.'-'. : .. ..... . 

c .. n .ur i<llii f1~ 
'. ' '. " ':," ; 

so 1II1/lIIi",. 
, :"'\ 

The cbr~~g!:aph1c s"l"aration shQ!m in 

0 ....•.. 01_ 1 of '.l'able 29~&S . C)btained ... h ..... y inJec ........ t ...... • 
~,\':,,>.', ',':"\'.' . ':-". ' ... :: ...... : ..... '. ':,,':,:,\', ',\':'>:'::':.:" ":.:'," :'<,;:;'::'.;,' ::',,: .. : .... ,.: ...... : ....... :<:, <,:\ '.' .. 

inS at; i!O!C. Aftllli: a part~Uon pedod .... f 
• "-,-c'· ' - . y-, '--:<-' --f 

10 "",inutes, the te~at:ure, w,,8 proSJ."a~d to 
, <--:" . ., .' ',\" .... _ ... " ....... " 

r be 40}lllIinul;41 to li!ioC lind hdd at .. ': .. ":". ",' :.:". ",'" ~.: "" , '", '.' ", . ::.: .... :.:, ...... : .. ,,-:,.:. .' ';;'. ",,,', ' ... '." .... ,-" .... ', ' .: ".,. ., 

tempuatj1rll uatll , 81utllmic acid was el!1«:ed. 
_: -0,-:'-,' ,_~. <':_, 

The te..,..rat~e was tll~n proiU_d to rise 
. ' .. ' '\' ~ ',' ','" :.' .. : .. :.', : .. :.' : '-:', ''':' , ',.-,; ",!'. " ,,:. . :--.: . ,. ," . .. '" ' , 

3c /minute to 23'oC! 

A .fiilu separation was obtained fOWtlu'e-
-'-.~ . , . ",-,- ,--.,~" ; .' --' , 

ontne and Wlih 1ctiine !1 .~ ~350C ~hi1e ~M ae~. 

parat~of ""aUtae and hY0ll"01lYprolh'l' was 

very ll.(Wo .at 2350'<; . AlalliM aud 11191el./.dne 
",: ., " .... : .... ":'.'; .:,", , .. i".' .... ,.:.:.:.".-.:. " ' .... ', C , .. ,\, .... ',,'. , . ... " .. J . " 

were ~().t; ... IJ~PIi!li'.tfl~ .. ~t 1659 C ••. '. 

The ill3in pr~l~1l! with ~~ .b9ve~!;!$1'alll 

w .. ~ . that the peaks weJ;'e wide. a 1111.1 Lor pJ;'o· 

gram '!filii tried with Ii! loreer partitiou ~Ii (1\1 
;,. -', . :~ " - _,-Coo' 

a~d a . ~all~er . te~rature rtse ~o 19S~C • .-:,<.,-., : .. _"':.':'.',". .. ... 

(1:»1_. 2. of 'laH",· ~9)· .·:nta lJlIlill.o !ld~lI . 

derivattvi;1ls v;,;re ~je!:ted 8t. .. aooe aali aft"''' 

l~j!l!nui;;';lI ~bi!!t.<'I~rli!~~e \1!1l1 . 'J;'~~~. ~3 
., 

riae at5 1r!4:o.u'U to' 195°C • . h<!ld tl!.e~4!~til 
, ,-;,, ', ,-- A ' 

-';'s-;,·,:.:-: 
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.... D71al.atae waa fluted and theD ,wope .. ' 

at ,o/rdaute to 2-4'·0. 

!he •• t.atton tiM_ .. re .hut.... !b¥"., 

OOhe .ad M,h,olllu wewe •• pa~.ted .t I'S.C 

with ...... 1.' ...... "2.50. AI'I1Dlae'" 

bJdl'CNC)'.-oltu ...... 1ao vel1 .. ,.rated ., 

24.s«*C. l'lte _l)'a1a ,be va. 96 lliaut ••• 

~I: the~ ........... of ...... 11 •••• ·. 

twectll .... la .... 1M1.acl .... ·. ·t 1600c. -au • 

..... • ,llt -WOUld" "1,ful f. tbe ... 1i­

t.tl...... •• lflcattoa of th ••• ..s.o ao14. ia 

• proteta of ...... COIIpO.icioA it ••• ' •• 1'-
.d to att..,t ..... e .... alat_ b, f ....... ,-

fyi_ c ..... , ...... -taa. 
1. cla.I .... , ., .... t at .pl11t", ........ 

ad isobhl41.. (col_ 3 of TAIbi. 2. (.» it 

... clecide4 to -tar- t ...... tun pnp ..... 

at .It'''~ 15O"c ... 1600C co ....... t .. ovtr-

ia" .. of ...... _ad { .. I •• ci ..... l»t1 ... 

•• .. tao .. " ..... 'eject •• atlGOC. Aft ... 

18 Il1aut •• t .. t..,....t .... _ pn __ 4 t. 

1'1 •• '0' ..... ,. co l6CJOC ... the .......... . .. ~ f._ .. 1 ••. • ' "., ..... t.to 19QOC .... ,'1 

aethioaiu ... ell1'ed .. !be tntpe ... , .... . 

the.. FDP-' to 1'1.. 2P/wa1.Jwte &. 2400C. 

Ala1M ad u.lactu ..... __ splte at 

1600c with. Ite.olutt_ of oolJ 1.00. ate 

.,11t .e .. 'to ..... to _,tit. the "JAr Ja 

t ....... t ......... lbe .. low tl .. ,. * ........ 

E~:j 
'.>-= 
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2U' '" \" 1% C~JI:'l>pwax 20 M Coluoo 

~)ifJC,Qnt1nuou r~ \rlt!'mp$\r~ltt~~~ :r~C'it~t;w~i.ltf; 

(ioltHOO 4~'~ 

AS'p7T:oo 61 62 min. 
i~Q tUIm !>, '" 

';~s i;-";-i~'oo 1&1 67 lId". 

(Gall' ~'1~ :: ao .,1IIllin.) 

fS!:J-'!\!~L;6,.~.! 
Asp" l..Ut) @ :>3 miu. 

-'-~"" .'-""'-.~--~"-"-""'''--''---''''-'''''''''---~-'OA~'''''-~~{~l:-'" 'T;rni;"--'-~-··-··-kr:·"--:~--- .. -R{~ 1. -- 'f~:;tw~ '''''-
AMlNO Acm ._. __ . ______ 1t,, ~'n (OCI._._Re's'n. Ret'.£!." __ ~C;;) Re!!' ·!L._R"u_~.L._.R\<~'''_,._ 

CYIi tit ill,z . 39 toll ,<,40 120 "t~ 2 ~}O 

Vsline . 58 170 . 61 11\8 .57 130 
Alanine . 61 112 ) 1. 50 . 6.6 110 ) 0.38 .. 63 lAO} O.31l l»oleuc .ii.ue .62 172 ) ,, &6 1'10 ) .M 140 ) 
L<l\ucbl61 . 611 mi ., 12 172 . 1() 170 
Glycine .77 17& .81 17!i ,14 1.6S 
)l';roU.MI . Il(+ 1$0 .. S71 177 .$1 HIS 
./Isp!l r tic 1.00 1$5 1. OCi 187 1.00 135 
'tlu:eord.n" 1.24 la1l ) 1.50 1. 1t. 19) ) 1. 76 1.1,9 185 ) 1.91 
Mil tn 1Qni.ll~ 1.211 190 ) 1. :<1 lSl4 } 1 .. ~.5 10S5 ) 
G1\.1 tlll!li" 1. l6 too 1. 26 195 1.30 HiS 
Phenylalanine 1.44 :nO 1. 34 200 1.40 190 
SerinO) t r,a' 

9 ;;J .. ) 4 ~O 1. /;4 UO 1.!H 220 
ArgJ..l1tn." 2. 05 Z40 ) 

1. :W 
1.91 240 ) 2.05 230 ) 

lIydrQxyproUne 2.10 240 ) 1.94 240 ) 1.34 2.15 230 ) 2.50 
Lyaine 2. 20 240 2. 03 2:40 ~.26 2:30 

- ----.. ~-, - .•. ~---..-.-- ~--..... - --~--------

'" For TI!!!I>J?'n~i1ltull"e p-r"'$ll"611ll1l net.!' P"~"II 79 - Il!" 
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al:ul::'~ the ti'lll."eoni.ru!f and _thiQl'lUle. p4auwerCi 

wider giv1ni ll' ··· l_rres~l!1tiot} of only 1.66. 

ThesCil'srlltion ",fa1tgintne ",,<I hydroxyproline' 

mu~ pam: at u.OOe due 1:9 IU)\!!!W ,diffus1.Oa on 

the c!>l=. 

1t wss observed that gcod aep .. r.d~"_ of 

arginine aM hydrO¥ypl'olil".eW!l>re, .abt:a1nedif 

eM ,pro!l%'sllifldng aiter reaehUlilOO-l~5cC lilllS 

4elayecl . IlI:ItilpbeHWla.1an.me was ¢luted..'1'!d.!l! 

indicated that accthar parl:itionin~ oceutred 

at these te~ratures. 

The next' program (cob,t_ 4) wall . ,1IIItur 

e:ICcept .that the ,tn'itial ~reture !I1ld ,parU­

tica time wer.. mcreanedto see d.t thb voald 

cifilprove thesep41:a.l:i_ oftm:emt!ae-_tbionine 

·l!Im1. 'argin1ne"hydr~proU_ wile at thl!! se_ 

t,. :bmtryittg t<)o!>tabla IHiltt e rlil,>'U.t . .¢;fdan1ne 

and ,isoleucine iII.t 11~C. 

The amUlo <lcU derivatives Wft'C iujected 

with 'thec.,lumn um:,>erat.ure at 9IflC. 1'4rt.'1-

tionin$ waa allO\1edto. Foceed for 2'2 \ millis'tes 

and then the tel!llf'erat:w:'epro~_<l t'1 rise 

'7.5° /minute to 'l.701>{: and th"u ~rQl:lxa_d 

%o/ainute to lSS~Cand i _ <iilltely ,pro~_i:I 

lit '2,0lminute tQ ,24000. 

Alan'We a.(!,di,so.le.ucine werle ",pUt at 

170°C With If J:e_luUon ofl.SO. Threonine-

~;, 
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~(j' 'II: ~" 1% llglebowll~ !to ~ Cl>lumn 

lI:ffeQts of CiJrlll'ier Gall f low aate 

~olulm 1.* ('.;01_ 2.* • ~l_ 3:*._ 
Ga_ Flow :; 10 1ll1/li11Ul . Qall flow I< 40 1II1/lIth'!. Gas flow .. 40 ~/IItUl . 
ABP " 1.00 @ 80 1111.11 . #lOlP .. l .OO @ 62 tll1n, A.p '" 1,00 (~ (i€! 1\U,1t. 

"- ----"' -... Rd . -tim, ~t.mp ltd. TfaOllP --

AfIl.l'~O ACli.l "'_ _ ._. §fli't~_eCl h£l '! R~ttltl ~Cl Ites:'~. Rst·s. ,_,.eel lle.!,',!!.-. 

Cy$telrut 
VaUne 
Alaniu 
Iilo lllue tn. 
I.eueilll'! 
IUydne 
Proline 
Al>,..ltUC. 
1:Ii1'eontMI 
NetUoo:lne 
Gluta~le 
PlulIBylalanioe 
Selrino 
Arginine 
ilydroxyprQUne 
LYBine 

.so 

.58 

.S' 

.(jij 

.(is 

.15 

.8S 
1.(1) 

1.20 
loU 
1.30 
1.42 
1.52 
2.%3 
2.36 
2.43 

* F~w t@aper~t~re ~o&r~ma 30e p#~es 85-66. 

180 
182 
lSS ) 
185 } 
un 
192 
195 
200 
2()6 ) 
208 ) 
:UO 
us 
220 
245 ) 
248 ) 
253 

.4S 

.68 
0.1$ .13 

. 74 

.19 

.8S 

.'10 
1.00 
1.14 
1. 18 1.66 
1.21 
1. 29 
1.38 
1.1l1l> 
1.90 1.50 
1.98 

12,0 
16(1 
UIC» 
110 ) o.so 
190 
19S 
19S 
195 
195 ) 
1!l!i ) 1.24 

US 
20S 
220 
240 ) 
240 ) 1.24 
240 

,~ 

.6~ 

.66 

.61 

.73 

.so 

.83 
1.00 
1.~6 
l.lt 
1..38 
1..44 
1. $.5-
Z.OS 
2.10 
2. 18. 

no 
165 
110 ) 
17(.1 ) 

173 
176 
181 
13S 
\ 39 ) 
1tl ) 
193 
195 
:no 
2M ) 
240 ) 
240 

Ci.3t 

1.12 

1.51.1 

j;' 
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me~h1oninc resolution had dropped to 1.50. 

It became apparent that although the slow 

temperature rise was sati sfactory for tbese 

4mino ac ids it was necessary to ~~inta1n a 

steady temperatu~ at 180-190oC resulting in 

~ steadier base line and less overlapping of 

the peake. Arginine lind bydroxyproline were 

better separated at 2400C but they stl11 re· 

quired a temperatur e delay at IS50 C for parti­

tioning _ 

In the experiments shawn in column 5 the 

amino acid derivatives were chroeetogr8pRed 

~ltb B lone partition period, the temperature 

was held at 1950 C to separate threonine­

~th!o~1ne cleanly and to partition arg1nlne 

and bydroxyproline. 

The inject ion temperature was anoc and 

after a 16 minute delay the temperature vas 

programmed to r i £e SO/minute to 170°C and 

tben prograDBed at %o/minute to 19SoC where 

it was held ~ntil glutamic acid V&G elutd& . 

The temperature "" :. 8 then progratrtmed to rise 

2o/minute to 24QOc. 

Alanine and isoleucine were split at 110°C 

and tbreonine and methionine were separated 

with s resolution of 1.76 at 195°C. Ars1n1ne 

and hydroxyproline vere separated at 2400C 

although not as well as vas expected. 
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In the ~~pertmeDt 3hown in column 6, after 

a partition periGd. continuoua temperature' 

prostamm~ to 18SoC ~1th a longer delay at 

this temperature was tried. The amino acid 

derivatives werE injectod with the CQlumn tecA 

perature of sooe and after a 20 minute delay 

the temperature vas progra~d to riae SO/miD. 

to lasoC and held there until slutamie acid 

wae eluted. The temperature W~8 then progremm-

ed at 2°/~ute to 230°C. 

Alaniae and lso1eecine wer~ optit at 140°C. 

The GOlDY at ISSoC 1mpToved the separation of 

threonine and ~tb1Oft1ne and ;reatly improved 

the separation of erzinine Bnd hydr0RYproUne. 

Cbromatoaraphy with other ~pe6 of pro£rQms 

failed to teprave the ueperattons. therefore 

the p:-ocedt'U:e of the latter two exper i=nU 

(columns' and 6 of table 29 (b) Figures 1 and 2 

page 54 ) served e. s tbe hilS-is for the pro~edure 

finally adopted. 

The average ana ly&18 tilDe on thi? colum 

was 2 hours. 

Conclusion 

All of tbe aQino ~cid N-trifluoroacetyl 

methyl esters require c partition period after 

injection onto tho column at tecperetures be-

low that of tha moat volat11e amino Beide. 

t.rginine, hydroS¥prc11ne Bnd lyslG~ require a 
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further par tlt10ntDa at lSOO-lgooC for max1 w 

.u. resolutiOn. 

Alaniue aDC isoleucine can be aplit at 

te.,eratures between 140°C- 170°C 1f the 

temperature 1& allowed to ria. very alavI, 

over this te~rature ranle. Threonine and 

aethionine are ~e8t resolved beeween 

180- 1gooC. with a steady coluaa te~r.ture. 

With Carbowax 20 M as the l iquid phase 

under conatsDt conditions of columa i.oath 

and sas flow and when tbe elution temper­

atures for e ach aaino acid derivatives 1. 

within the required range for elution. tbe 

relative retention value. for the amino 

acids are con.iatent over a ll progr •• COQ­

ditions deviat i ng only by f 0. 05 from the 

mean relative retention value . The 

relative retentioo value. are t herefore • 

specific characteristic of each amino acid 

derivative Oft the column . 
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5. Tile J>£f4!l;t~ . ~:I' . Cn!:'$." ,," .(;118 rl~. ~. th",S!'l1'a):aUQ~ ~~ ;Amino .~(:iQ 
!FfrH'luorOllC@i:yl Me thyl i!;,st@r€ en Il 20' x ~" 1"1 Carl::<oo4y. 

20 M Co1_ 

Vitlt atelliperature p1'DSlt_lI! ailldlu ~o .t;hat e .... 1QW6o 

on tl;" ,20' II: ~" ll. C<ll'bowax 20 M ';:91_ with II carrier gill f1~ .. 

of.~·.~/!lI1Du;e. a. "I;UCYWliS 1lU!46 . of. tlt~ .. eff~ctj> .0 £ el!allseil ill. 

t.h.erat" (>f car l' :l.ell' .. l!Il*lI £.1- ontbe./liep,arat1~ . ?f Ii!ll~~ acid 

d.ar~:\7atiVa\J • 

Chi'4Il1Iltogra phy WilS ell'11'r~6;l oul:. at .. . very low p s 

il.11IW of t o I!lUll'lt"~l:.tI, file . ,1111'11'° lI<:1<:1 ;l"'lI~:'iI'aUve" ~:r:e :l.!,\je<:Md 

w1!:/l the colUllln . t!i!~rature a t OO~C lind after.aS IIlitrute delay 

the temperatuz!i! waa i~reased to lseoC ~nd pro~a~d to rise 

lJio/i!lm!Jt€! to 250~C.. Th" .I'e!;~ililtiol:t vlIlJlelf>lir\il Uaf;e~. ill eol_ 1. 

o~ Will> 1e ~O. 

lne 2~. ~t!i dday "fce.. injecUpn \\1$ 11 1I1ilCe1illl4:ry 

fQrcOlI!plel:e eudon .. o f the .sol:ve"f;with thh lW 811s IlQW • 

.. t;lll~;i!le and iso.le,!>cj.ee, ~ere lJpp.l:. a f;. 100°(;, ThteJ<l1!li.l1.e •. an:¢ 

l1iI!l~iQllin~W~l:e . S. .. piill ~ted al; 20lPC and 3!tgilline and hydr~­

proHna 111: 2450~. 

1he,lQW gn ~low d i d ~t ii{fecct the efficiency of 

th!lIilOlu~. the Pli<ll!.a wi!1: • . st1f.l lilllllirp W!i/:Qno diffusio~ bGihE 

notic;\!aMe , Thfil .,lll1/i4l l)'IIi1i . ti~ . ~i(la3~ It~~ . inSt eilj$ of I.. :I ', h~a 

for . 4 £1_ J;<ite oLSe mi/llliaute. 

CDl'omsl:ogr"phy was then canted cut at s aSlI f low 

:ute o f 40 1lI11~t;i1l t;!ii'. The IIlDi~.aei.d<leJiblit+Ve!, ~ .. e .iajcll4;tIIld 

a t !lQ"C .. and ili.tell;' '" 26 m~ute de l .. , the.:. tei1iiper&tUl:>II ~s VI'OFII- w 

ed t" rise SO/m1nul;e to 195°C wer@ it WIlIII beld until glutamiC 

\",~",:>':"" 
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acid w •• eluted aad thea pro~a ... d to rise 2o/.tDute to 2400c. 

(Col_ 2.) 

The 801veat vas slow 1a elutins off of the coluaa 

at thl .... flow. Alanine and 'soleuclnevere spllt at tlOOa 

but the ... e " •• no t.prov .. "t ·10 theil' I'.solution. At 195°C the 

. l'.s~ tutioo of tueoa1l'1e and _tb iODtat ft. poor (1.24). 

A1:I1D1ne an4 hydJ:0XJ.-oltae were ..-1), resolved at 24Q0e. 

The· cleere ••• d c.Jrrterp.flov·t:.te did 80t .ff •• & 

tile autysi. ct.. which vas atil1 2 h.-.. !be..- re.olut:lon& 

.81'e due to· dUfuetoa ret.ultina ·18 .roa.er peaks. 

The eame carrier sa- flow (40.1/ad.aute) v •• trte. 

a&eilnt this , .... pl'op4JD1al the t • .,.r.tu .... at \O'1I1mate &0Il 

170°C. The iaject10a te"'l'.t~r. v •• goOc Illd after 24 ad.ute. 

che teaperatwe ••• pl'oFaaae. to.1Be SOI_1aute to 170·C and 

then prop--.dat ,o/luiaute to 1"tC1I1lt11 pheDJlalaDlfte ••• 

elueed. The t .... r.tur. wae tb,. p.:op_ct at 2°/111_'8 to 

2400 0. (Col~ 3). 

Alani.. and i.oleuc~. were .,lit at 170°C but 

atill ve~. IlOt •• well .ep.rat.d •• would1te •• pected. 'lbe 

reeoluCt01l of tlu:eontne aad _tIll.lliae wa • ..- at 1900C. 

Arabi .. aad hy.cSl'OX)'Pl'o11ne weC'e 'ette. " •• olved at 2400C but 

. their peaks were wry bl'oad • 

. Colle lua loa 

The 1_ ca.-rier 188 flow ... at •• pye unduly ))road 

udllO acid peak.. .. bettel' 1'.801utt01l8 and Sb8l'per ,eaka at 

'. 
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a flow rate of 10 -'/minute '8 att.tbuted to tb. iacre .... 

elution t • ..,. •• curea. Tbus to attain the ea. resolution at 

• low... flow 1'8'. hlaher e tutloa tellp8ratures are .... ded. 

stace ftO p10 in colum efflc1eocy va. achieved by varyiaa 

the aaa flow rate. atte.,ta were made to iller.... the .ffie-

'aney of the coluau hy incr ••• 'na ·1~. oo1.wla t.uath. 

6. The Bff.eta of Incr ••• ina the LeDathol 11 carbowax 20 K 
ColU8DS on the Separat~of A.t.o Acid ~i-fluDro­

acetyl Heth,1Ba!er. 

Havtaa obtained 80M .... I:.t1.. of tlare_to .. . 

.. thiolllne aad aralnJ.ne .. bydroxyprol1ae _ • 20' x \" 11 

Car-bow.. 20 K column atte.,ta .e.:e .. de to ~.801v. a lea 1M and 

isoleucine by iner.as1nl the colua leaath • .i.e. to taOI' •••• 

the column efficiency by 1ncre.e1aa the llWIhft' of th,ol'et1c,1 

plat ••• 

<a> Se,arat1oll of AIlino Acid l>ulvatlvful 08 .. 30' x \" 
11 Ca~b~ax 20 M Co&u.o 

the amino acida vere inJecteo with the col ... 

o temperature of 90 C and after 28 aWNt.. the tempftatUh 

Was prosr8l'Dlled to rise SO/mUwte to 1300C. then lOJalaute 

o to 200 C. .After the elutioa of phe.,lalaa1ae the tea-

perature va. proarataecl to ri •• aO/.tAute to 230°C. 

Ala.ine aad 1801euclne were better r.aolvH at 

15000 than they were Oft ~. 2.01 col.~ (a resolutioao. 

1.00 as compared to 0.38). The l'e.olut101l of th~ecmlu. 

allcJ methionine w •• improved. a l'eaolutioJl of 2.00. 

Arsiutu. anel hydr:oXfproliu we.-. }pOorly resolved. Tbla 

was due to the pwolonaed ~etellt1oa tlM caua:1ft& loaat-
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AMINO Acm 
Cyl!tdn,* 
Ifdine 
Alanine 
bo I.wG.1Ml 
LIlUCUlII 

IillyctlMI! 
hoUnlLl 
#isparUc 
l'brllon1ne 
l-i:eth101linlll 
Glut_ic 
li'be¥l11dl!n1n~ 
allrine 
Ar$,inin" 
S;ydll10typll1oUne 
J.ydlllll 

fAnut 31 

h'1'l!'l£l:ml 011 mClmASlfln ~ L!!NMll 

~.!.~ ll~ 
~LJC_J,l.,..Cp~, 29J! 

Asp .. 1.00 @ 100 mi-n. 

OIl • ad. 

£"",1~1!!lU 2 .111' Col .. 3.* ~"W~: 
!.~!, .!!l to·· n. ~w~a)l :10 ~ Col~ ,{I,,,, .. 1.00 @ .~ lWIin. .l\lIIIP= 1.00 @ 6$ lilliI'!;. AllP= 1.00 @ 68 miKi. 

ll<l>l. Temp ----hl. T~1IIp 

!let '" ~c~ RUff,te., . Illlt '''' ... \oc~ ~"II '~~ ,It!!: 'II I' • 

TIilI¥/P 
,OC) 
140 

/iIl$ 'n, 
~l . · Temp 
leI: t i\ (Oe) !.~~ 
.~1 140 .35 130 .36 UO .32 

.51 145 .5~ 1:$0 .44 140 . lIO 160 

.51 1:10 ) 1.00 . !it 1,56 ) 1.lIO .so 140 ) 

.56 150 ) .60 .156 ) . 52 140 ) 
1.20 .lIl 1.60 ) 1.00 

.60 1CIO ) 
.66 160 .67 1114 .65 170 .69 200 
.78 172 . 79 172 .110 200 .i2 200 
.36 180 .8' 100 .80 200 .In aoo 

1.00 194 1. 00 192 1.00 200 1.00 2(1) 
1.14 200 ) l . tiO 1.14- 200 ) 1 •• 1.U 200 ) 
1.13 200 ) 1.U 200 } 1. .13 200 ) 

1.12 200) ~ &A 

1. U. :too } ..,."" 2.2.0 

1. 21 200 1.20 200 l.n 200 1.19 2.00 
1.28 200 1.23 ZOO 1.31 200 1.23 240 
1.36 210 1.34 no 1.43 un 1.34 240 
1. 94 230 ) 1.14 1.81 240 ) 1.00 2.0S 2'0 ) 
1.96 230 ) 1.M 240 ) 2..08 2S0 ) 

0.114 

2. U. 230 l.g(} 240 ........... 
________ .,"", _ _ """..,.. ___ ., . U."I1~ • • _"'___ .~ .... ~" ___ 4' ___ '_ .,. ................. _ 

" 'or te.:t';;l;ut>1i pJ;'O~_ lie€! P41ae. iill ~ $~ . 

)~ 

.' -«-



tUE.H .. Ui.iii diffu~ion Bf thil'1x aexiwgt:i:w,ss on the colutim<> 

Tsbl@ 1> ciQilu:~ 

of g~ino Aci~ D~~i~ativ~$ ~n ~ 40@ ~ 

Tt.H! c@lum l@n~;th was ~ffa i i~ inc~a~2~cl t@ i~ro~~ 

th~ of ~lanin~ and 19~1~uc 

'the <Imino @cM ",,,tltrB "Ifr~e i!'l.jectlfrd I'It l'I"d 

a£t<111t Ii :GlJi ",i""I;", &" Lilly, fJJ?: '" luI: ion of tnlt II" bit,,;; !brQnt, 

the ;;"Wll'iIlr8!t"re W<illI !'rcSl'@_d to rbli! 50 /mmut#lt to Ui~C, 

then l o/w:!.nute to 2~oc. Aft"r tn" !'I.lutiou of ~n11$1~ 

~ninlt thlt teWll'*r$t~e we~ wrosrill_d to rig", 2@/min~t!'l. to 

24@@C. Ii 1>00<1 r"'ii!ohttion (1.5tl) :for ",lantu", "iM! 1Il;"budu" 

U'ae c-btaine@ !1.'Et 155°C" 1"hE$~it'4i® ,f]{tcl mt&t.hicniJ?1$' W@1t$ $.@"" 

with & r!'l.®olutiQu @f 1.~$ £It 200°C. 11w ar$inifie 

afitl hy<lr@~Fr0U.l'.le peakw >!ere $till "1>11'(1£1<1 and had " 1!'e~ 

e~lut1@1'.1 ~f @fily 100@0 (See ~e"l>le 31, cclu~ 2)0 

#; l~we1!' te~ratu1l'e wa~ theR t1l'iecl f01l' the eepa1!'~ticl'.l 

(If alSil'.line ,,00 iIl@leucina. The amn", acids 'If"'re injected 

with til", ,;;",1,,_ £It; rOO!!! te~r"tu1l'e. Th<ll c01tA~ t"~1I'al;u1l'a 

we~ i_clletely reie",d to 14~C end held f01l' 36 mlnutee 

untH til® iIiIcleuciliu'l peek h.lid ef~"ra<:l. The UWll'a1l'.i!l:;ue W"'® 

then wroar,,-<I t<:! rise 5c /!JIinute to 20~c ",ad held therlil 

until ~henyl~l",niue UC$ eluted ",nd then proSl''''_& e~~in £It 

$o/~inute te 2S0RC. 

The II<!lF&rkltio" of al~lline £1",<1 iaoleucm® w.:;® net im­

>,roved &1:: 14Q<>c. 'r'lIr.,onili$ el>ci _tl:!wum<1l ~alte W!l'® 

"l\al:ll""1' 'Wil:li the incn<!l"a<l lrill!:a Qf t®Wll'er4ltul"&/ 'j,~I't tl!dl,' 
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lr<illlollilUon was very good (Z. ZO). At'8in i ,w lWId hycb:oxy­

I'lroUne "'ere Vlf1:ry diffuse giving wide. flat ¥",aks. Then­

resolution Willi only 0.84. 

Ii higber ;;:01_ tel'al'lI!lrll t ure fer injeetinl;! the aaiao 

acids wall t hen tr i("~. The m j iilctlon teiUi"!!:tlt"re wail 3GoC 

and the eolu~w' wa,. held at t his temperatur", f or 22 !!Ii_tell, 

after ..nieh the temperature _II rlilied to 160"C where it _ .. 

hele! untll b o leucine was e lute d . The l:elfiP'!lrat ure was t!l<llt 

raised isol:;bort:r_Hy to 200"'<;: a!~d held \fOUl !""riM WileS 

eluted . Tne separation of ar &inine, hydro~pro11ne and 

lysine· was ~ attempted on tht. column. 

The separation of alanine and iso1e ... eine was IlOt as 

lI>ood lilt lil)~G (resolution of L OO} with_t partitioning a t 

a lev te~rature. the separat ion of threonine and .ethionine 

"'as very good Si'l1'ing the !d.sneat resolution valu.; yet obt~ 

-~- Ii re$olut~ of 3.00. 

Clmcl",don 

Inoraaeills the ;;:01u", length resulted in better re­

solution of the low boilins point a.tao acio der 1vat1vea. 

H_ever . the alld.no ae id derivat ive .... ith h i l!,i> boUift& points 

<l1££u6.,'4 on the 1)01 ... _ to give with! peaks. !i.l<lnine accl 1so~ 

l .. ",c :l.ne, as wtlH "'IS threonine and _Chion1m; were eOlJpletely 

ee .... ratea. Arsinine and hyd"'o~,roline pellks "'en lIid!! awl 

diffuse. 



AMUm loCI!) 
.....,-.~~- .... 
<:>,&"",:1. ..... 
"It< li"", 
Alani ne 
1110 leuc In. 
'Lel1dtUi 

G1:re1ne 
ProUne 
AllparUI; 
Tbrem:line 
Methiolillne 
Glut,lIllie 
l'hllnyb lanine 
.90r1n* 
J>rglnine 
lfydroilly,rGUiMl 
LydM 
'l)rodno 
Hl.8Ucllne 
Trl'l'tQPOIiIl 

Colum 1-
:W 1( lIa'! II 

Carbl)W4:k 20 .1 
Asp'" '1.00 @ $4 m"ii. 

Rd. Telllp 
lter:'I!-...(Og> R."'·l1 

.. 52 120 

.65 140 

.~7 143 ) O.SO 

.67 1,43 ) 

. 73 148 

.In 1'2 

.8S 1$8 
1.00 170 
1.13 1&0 ) 1.00 
1.16 UI2 ) 
1.19 18S 
1.24 188 
t.31 US 
1.M nS} 
l.~S nS) 1.00 
1.94 :120 

. - ' _ ... • ____ .. 0 . _ ..... 
For telllp!ll'4ture prOarlttaa IHlfil pagee 90~92. 

'XA~1.lt :'12 

!ffects of CQ1~mn Widtb 

COIUIIIIl 2* 
10' !-JlVt'· 11 

carbow4\x 20 M 
#\~Plt "Coo @4Tiin. 

Ret. 'l'emp-

Col_ 3* 
10' 1l 1/S" 1% 

CIIrbowax 20 ){ 
AD,,, 1. 00 @ 22 mtti', 

11,.,1. Telllp 
llet'1\ ,_ (01;) !te.'1I, lit .. !: 'n 

... .. - '- (oC) Ite.'n 

.4' tao .n u, 

.62 161) .41 13S 

. 68 170 .50 140 ) 1'1 .69 170 .SO 140 ) 

.15 130 .59 1$0 

.83 tOO .13 160 

.S1 100 .82 165 
1.00 1.30 1.00 180 
1.U 180 1. 14 190 ) 

0.66 L ll) lao 1.16 190 ) 
1.26 U;lO 1.23 190 1.::1\«1 
1.34 200 1.2a 19S ) 
1.40 210 1.3:l 20S 
1. 74 :l60 2.0$ 220 ) 
1. 71 260 2.10 220 ) O.~ 

1.19 26(1 2.23 225 
3.2.0 2S0 

..... "'_ ...... 

C!) l.UII1Il 4'" 
12' ~ 31l6" l~ 

-.-" 
ltel. Temp 

lIIil\l. 

a.t·!~. (OC) _~.:,!jts· n ~, 

.31 110 

.S5 170 

.61 17S 

.66 ].7S 

.71 l aO 

.16 1115 

.87 18S 
1.!iO 185 
1.02 185 
1. Oil HIS 
l.18 1IJ:5 
1.2& las 
1.,$2 18S 
1.8S 240 
1.90 240 
2.ltO 240 
2.42 270 
2. <>3 270 
2.S0 210 

... -~" 

lO-

<. 

b 

'. 

y: 
{,~ 

(\ 
V 
t; 
;: 

~ 
" 

;;' 

, 
::~' 

;:; 

;~ 

t 
~;' 

H 

i~" 

,~. 
i'~ 

~:' 
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7. The l!ffeets of ColU,m .. liIidtb OI) .tu Sept/*lat:iml of I\I!d.no Acid 
Derivatives 

Since narrower columns bave heen rep6rted to be 

suceell8·ful in otber types of elui'omato&¥'4ipbic work. it Wlill de~ 

eideO) to try them for th2 .. e~ration of amino .. cid N-l:rifluoro-

acetyl methyl ester". 

(a) Separation of Amino Actd N-TFA Methyl Esters em 4i 
20'x U3"1T, C#r:DOlillx20KCOwmn 

The Iilillim> acidder1vaUves .. ere inje<;te<f with the 

co.lumat 3~C ... nd afl;.era . Uminute.e!il~a1 tbe te~eratllre 

was i'i'osra_d. to ·rbe .3()/lIl1nute. to 14(lOCtnen lO/minute 

to 2SUoC. (Col_l. Table 32). 

The earrierga& UowreJ:e was 40 ml/mnute al: 40 pdS 

at the be@jnning 0.£ the run. At 1400e; the gas flow dropped 

to 10 IIIllmnute. In order to maintain II eon .. tll1'lt i311 flow 
,-," 

the gas presllure had to be adjusted to flO ps1a .... ith tbe 

totalNter OR the flow regulator wide Open. 'ft>e g3i!i flow 

tor the re~inGer of tbe ruo vas impo~8ible to control . 
(:\ 

lhis difficulty wall attributed to the hi3h resistance of 

the resin en the 1/S" ce1u_ to i3!! flew. As II reeult of 

:the resistance of th" co1>._ and the n ... .,tuati1l$ gas flov 

all of the amino ".,1d peeks were vUe and the resolutiClt 
~ 

of dlanine-isolcuc:ine. threonins-methionine snd arginine-

hydroxyproline was poor. 

(b) Separ"ti~ of Amino Acid N-rFA MethyL Eaters ou " 
20' 11:.3/16/'. U. carbnllx20)tColulII!il 

'file column width ViiS iner.eaaedaHghtl.,.by utli.ng 

e""per !:ubin3",:Lth 3/16 illch inside dUllletu •. · " 

-_,';,c~: 



tABLE 33 

Ene,;!:. t:lf VlIt-yin" lt4Itio of Liqu:tcl l'I!wI,UI t;(> ilol1¢l $lIppun 

111_ L'" 
Ul.16".2% 

Cl1rbCWllZ 20 M 
,1\'-11'= L 00 @ " mil'" Asps 

• (;Qlli!ll)!1, ,,~. '!'. 
S' N k" ,10\ 
C41'Q_X 20 M 
AIllP" 1. 00 @ is milt. 

ae l • . __ . ferup-'--" '!\e!.. TClI1p--' 'llel.--· 't0l!i1p' _ '~_" __ N 

!J!!!JJ!O AClO ~.tlt '1\ (OCl ... .1.w.!!.L!L __ .Ret t n • ~ Ree .' n !tet'Q {ee} Ree.· .~_ 

Cyetdll@ 
Valine 
AbninG! 
11101eu.:111111 
!..eUCi<liW 

Glycine 
}>roline 
AQpalrtie 
l'hnoni lUl 
M.ethionine 
Glutamic 
l'heny ld41ld.M 
$e"&'1IIIe 
At;'Sininll 
Hydroll1yprou'u<iI 
Lysine 

.J9 

.n 

.S4 

.5' 

.61 

.72 

.83 
1.00 
..... ... ... 
1.2.7 
1.31 
1.42 
.............. 
2.06 
2.10 
2.20 

*Fol' te.rllture prOP_1M eee pille, lOS - ?4 . 

lOO 
190 
190 ) 
190 ) 
1.90 
lIIO 
190 
190 
~.-

o.so 

190) 1. 14 
190 ) 
loo ---
24ii) 0 . S4 
240 ) 
240 

.42 100 

.63 lSO 

.6S U3 

.66 1$3 

.n U~ 

.19 163 

.3S 165 
1.00 110 
1. 11) lalO 
l,at lSS 
1.2) 190 
1. 119 1~5 
1.3. 200 
1.67 240 
1.68 240 
1.1.) 240 

. 12 

.1' 

.S% 

.U 

.Si 

.'3 

.97 
1.00 
~.QI\ 
l.tfl 
1.01 
1. 1.3 
1.14 

l..64 
........ . .rl<. 

16(i 
190 
200 
200 
:nO 
230 
250 
250 
250 
250 
250 
250 
2S0 

250 

-----~--------------------------.-----
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The amino acid derivatives were _ojected at gOOe and 

after 14 minutes the temperature vas programmed to rise 

SO/minute to IS00C and held until slut8l!liC: acid was e-1uted. 

rne temperature was then programmed at SO/minute to 260°C. 

(Column 2, Tahle 32). 

The aas flow of 50 ml/minute was maintained tbroush 

out the run and no resistance to gas fl~ was encountered. 

The reaolution of alanine-isoleucine was poor 8S vell as 

the resolution of arainine and hydroxyproline. Threonine 

and methionine were separated but not resolved completely. 

There seemed little to be sained by usinS this 

colUllll. rather than a \11 column . 

(c) Separation of Amino Acid N-TFA Methyl Eators on a 
10' s 1l8" n, Carbovax 20 M Column 

The length of tbe 1/S" colUfi1L1 was decreased to 10 feee 

to Gee if the decreased leoatb would lower tbe resistance to 

gas flow. The &as flow. however, vaa still difficult to con-

trol at a s teady rate althouSb a l~_.r pressure bead could be 

used. It vas found advantageous to use a low c:arr1er &8s 

flow rate of 10 ml/mlnute (30 psiS) and to .. 1nta1n this flow 

by periodic adjustments tbrou;hout the chroeatosraphy. 

The amino acid derlv.tives were ~jected at 30De sud 

after 6 minutes the temperature vas raised to 1200c iso­

thermally and t hea programmed at 30 /minute to 200Pc then 

2o/ainute t o 250°C. (Column 3, Table 32). 

Althougb the retention tlmeo of tbe amino a~1d8 were 

l~~ the separation of 3L_ of the amino acids vas poor. 
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Separation on a 10' x 3/16" c:olwm v •• just •• poor. 

(d) Separation of the Amtno Acid Deriv.tiv.. on • 
121 X 3L16" 1'1 Carbowax 20 M Colu.u 

The aatno acida vere 1njected onto the colu-a at 900C 

and after 12 .tQutes the temperature vas raised to llOoe 

then progr.MAed at SO/alnute to 17ooC. The teaperature ••• 

tben prosra~d at lO'.inute to 18sOC and beld there until 

serine ~. eluted. The t emperature vae then raised to 2400C. 

then prosr .... d SO/minute to 270°C after tbe alut~ of 

lysia.e. 'lb. sas flow rate va. 80 a1/ainute. (CoIUIID 4, 

Table 32). 

On this columQ alanine and ialeucine were .plit at 

1700C, bowe.er threoa.1ae·_tblO1l1ne aDd ara1n1ne-hydro.,. .. 

proline vere poorly '.paratld. All of the amiao acid. 

including tyro8ine, histidine and tr1ptophan were .8par.ted 

in 4 tu. of 100 lI21Ilutcs . The aatno acid peaks were _barp. 

Thi. column clearly bas pos.ibilities for obt.1alDa a 

separation of all of the • .too ecid eatera but atte.,t_ at 

doing this vere Dot pursued since it vas Dot clear that it 

would have any advantage crt'er the \" eolu.G. 

Condpaig,l! 

Altboush narrow colWSl8 may be .ore effiCient for gas 

ChroaatoarapbJ it waa tmpos.1ble by our technique. to obtain 

&POd aeparatiQD& probably tarlely due to the real.tAnce of 

the colu.a to the c~rrier gas flow. The blgh resistanc. was 

due mainly to the solid support . The separations Obtained 

on the 12' x 3/ 16" 1~ Car1>ovas 20 K colulD indicate that 

Darrow colW111l8 may be auitable. 
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Ii. TIle l!f£.u.l;jI .. . ~f 'l"'I:jfi"~ ~Il,~ ~I;~~,t! 14"i~$.Q.l''h.al'e t!} ,,!}Ud SU!I{lot't 
_upon 5el!'ar.att;:;ltot' ~·BA _inj)A¢:l.d~tl!l1 j£~t,.~:::;r:.;$:..... _____ _ 

As ~U. all J'X. Ca;&"~41£ ' +O Ii ~ .• d~tQport S. 2% 4:0"" 
10'; Ca!rbOlfa~ 2Q Mwajl .tded. 

(4) SeparAUIm O(~!lO Acid ~iv.tiv .. a ,.C)In a 

(b) 

20 ' x 3L!!i~'_ ~ Carbelo .. '" 20 M CobulRI 

, '0 
The est;er8 "'ere btjec1:ed at 116 C "ad afttrr 24 Iil11nut:es 

the t:~.rat'n:" wall progra_d t() risa 7.5° /minute to 14a°.:: 

lind held uutl.i ser 1~.",~a& eluted. ' The tel1l11!1iintttlXt wall thert 

rd~ed to l41Ji1>C. (C() l:'",1iIl 1 ,T~bi~j3j . 

,Alanine ilnd tsQi~uei;t~ · \t<l!i~ ~,iit at l~;There was 
< \~ '; > '.__ __--_.--:: l, ,, > j', 

>10 .. lutioa of thr'lordne sr <larine . The alliino acios Qre 

poorly @"p;f~€<i~ ''''nd the PI1!8i};~ ver~ ~hf~ dire to "iffua·i_ 01\ 

the colUM~ •. " ~!$ indicated that 2% Ca1:lmwax gave poor 

!>art~t.tcnin, .. ~t til", liiminO adds betwfI'!n, the l:i.qlli<! and 1\IO!>:lle 

phallI! . 5i!1!ilar , resul til were obta:!ned 01\, Ii' 2(J' x li;" 2% ,-_ -:0'-_' ____ Co o, __ - _- : , - C_,_, ____ : ___ : __ -- __ ,,:--:-_,_ _ .... ; _ _,\ 

Carbcwax 2n M col~. 

S~~~rll;.~ ~t ~ .. o .t\<:id . ~",r~"a.~iv!l'~ t.;'11 I.l 
. 1(l! __ ~)/16" 2% Carbowax 20K_~1~ 

A ahorter 2% Carbawax 20"M Colum was tried to reduce 

the diffusion of amino acids on the celwon. 

The amiiw adds were i~jected n 90°C auoafter 10 min­

utes the temperature ~a8 progra_d to r1®eSo/rrlnuta to 1$Ooc. 
then lOlminuu!:o 195°C weU sedne wits eluti!d. "fmItea.­

perature 'l#a!3 thetl ubetltl!) 240"C: (ColalWl 2, Table 33). 

A1a1l111<O hol",u~.~~e liild ' ~$ng!11; Ilplit between their 

peeks . AJ.l;:hol.i$il (i 11 ,theamil'l.o Itc,idll were eluted. they were 

poOl' ~y $ap"'lI:~t,et:l . 



(~) Separatioa of Amino Acid Derivatives on a 
_.5' lit kH 101, Carbcwax 20 If Co~~!!S . 

waG UStllG for gas chromato_aplay_ 

The am1no acids were injected at 30Ge and after , min· 

utes tM temperature wag prOgl"!!UfllmEH.i to rise 1.0" '.'Aut.e to 

2S00C. (Column 3~ table 33). 

9.. Separation of Jf-TFA Amino Acid Methyl Esters of Tyrosine, tUstidine 
and Tr12toehan on3hor.~ 11- Cal'hO!.~~. ~.!J:plW!!lns ~ ______ .... 

C011.1Ias veying in length froa 1 foot to It feet" ftre 

used to obtain separations for tyrosine" histidine and t.ryptophan ........ 

on the short columns. 

the amino a~id derivatIves were lBje(:.ted with the column at room 

temperat.ure .U'lO the temperature ~d:Utely raised to 2000C .. 210oC 

the recovery of histidine from tbe columft would be at its maximum. 

(a) Separation of .Amino Acid Derivatives on a 
,18u :It 111 1% p.~r'b~ax 20 M ColU!!ft_ 



AMINO ACID 
cyeteiu.. 
Valiae 
Leuciae 
Aspartic 
Tyro8:l.ne 
Hheidin. 
Tryptophan 

AMINO ACID 
Cysteine 
Valine 
Leucine 
Asparti<:: 
Tyrosine 
Histidine 
Tryptophan 

TABLE 34 

Separatioa on a 18" x \" 1~ Carbowax 20 K Colu.o (Gaa Plow = 40 IOl/minute) 

Asp = 1.00 @ 30 ala . Aap = 1.00 @ 22 min. Aop : 1.00 @ 21 min. 

!leI. Temp 
Ret'o eel Ros'n I.U. 's 

.37 80 

.57 110 

.73 130 
1.00 170 
1.90 270 )1.40 
2. 04 270 ) 
2.20 270 

TABU 3' 

36 
(ft40) 
(-.120) 
(x640) 

Rel. Te.., 
Retto (Oe) Rea'n J.U,'9 

.41 140 

.S, 140 

.64 140 
1.00 170 
1.96 260 )1.32 
2.18 260) 
1..~5 260 

Separation on a 2' x \10 1~ C.rbowe. 20 M Colum 

Ret. Temp 
Ret 'n coe) a_a'n 

.48 140 

. '7 140 

.67 140 
l.00 160 
1. 96 260) 1. 70 
2.15 260) 
2.38 260 

ColtmD. 1.* CobulIl 2.* Colwm 3.* ColuDU 4.* 
Aap:Q.OO @17m1n. Asp. 1.00 @ 12 min. Aep: 1.00 @ 8 nin. ASp· 1. 00 @ 9 1Il1n. 
aeI. Te... Rei. T.... lie!. T... a.l. t<mp 

I.U. '. 

ReC'n (Oe) Realn I.U.'a Jle.t!n (de) Bealn '.IL'p R@b'~.c0C) Resin I.U.' s Ret'a, (Oe) Rea'n X,p.·"",_ 
.41 160 
.'3 140 
.65 11.0 

1.00 170 
1.88 25')0 7 
2.12 25') .6 
2.47 2" 

260 
260 ) 
260 )2.06 
260 

1.00 
2.25 
2.75 
3.25 

270 32 
270 )3.34 (~t40) 
270 ) (~20) 
270 

(~t40) 

1.00 
2.00 
2.33 
2.55 

270 
270 h.sa 
270 )1 20 
70 ) • 

'* For tempera tur'. progralU ea. pase' 95 ... 97. 
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1M ... ke were sharpeI' witla the loa ... partiti .. 

,,1:'iod. The peak area for hi.tWiue had increased and the 

re.olution of tyro. iDe aDd histidine had incre •••• to 1.70. 

(b) sepa~.t1oa of Alliao Acto Duiv.ely •• 00 • 
2'. kft,ll CarbC)Vax _20H_CJllnM~_ ,_" 

A laraeC' colum vaa e.,loyed to obtaiD a better .. a­

solut1on of tyro81ne .8d bist141ae. 

Jo Colu. 1 oft.ble 35 tile .'I'ivativ.. wel'eiDjeot •• 

with tbe colum at ro~ te.,.s:atue alld aftel' 8 It __ ,. 

dela, tllet .... ratur •• e rat ... to 1400 Callcl held uatil 

,ro11new •• eluted. then r.1se' to2S50C lIbw:uptIY. 

Hf..tld1D.e .mel tryptopUa peak ana. ......cr..... With 

either the lower t.ape~ature (2SSOC) or the lQc~ •••• d Ye-

teatton tl_. 

The teatpel'ature pro ... va_ thea ."ade' up to obtaift-, 

.It_per peaks with lower retention cu... 'Ihi alliuo •• Wa 

-.e.:. 1oJ.cted at roo. t .... ".t\C .... after 6 lI1out •• ett. 

t .... ~.tur. vas rat.ed abrupt I, to 260°0. 

Hiatidlne and trJPCOpbaa pe.ka- .. ~.coaalde~a'1r loaa_r 
au the .... olut:l.oD of t1roa1M aa411:1stidllle us ,2.86. dt.e 

best re801utiOll thua fal" obtaiaecl.. (Coluaa 2. Tole 35). 

A 8tatlal" pro ...... va. tile • ..,loyed but with the _.1~ 

.. t..,.1'8tU1"8 at 270°0. ria ....... acicl.de .. lvat1v •• 1ftr. 

1nJected at roo. t .... ratur. aad after 2 .taut.. the tea-
. '. · 0 

pel'ature W •• l"at .. d abruptly to 270 c. (Golt,_ 3. Tabl. ).5). 

fbi. propa. save pod reeoveI'1eeoftyro81n.. a', 

histidine and the reaolutloa of t~o.ine and histidta. (3.34) 

waa ,be htpeat r:eaolut1oD tluat luI.' •• ft obte1lled. 
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. ''!be •• paratton p~'tur.d in P'au~. 1 ..... 54 .... 

at.ltal' to the oae ._.r1M' .boY.. except tile .. l't1t .... 

tiM WIIS 5 .inutes. 'lb. resolution of tYJ:osine and 

bi.tidt .. wa. le.8 (1.88>. althoulb the .. ak .~e •• ~. 

the eaN. (cola. 4) _. 

A .lowel' pro~ai.tn&w •• ·.l.o used Oft the 2' 11 

Cel"bovax 20 H coba.. Tho atdfto acid . • ri.at1 .. 8 .. ~. 

i"J.C~l!-d OftCO the col1i1l8l at w: ..... ,.Pfatar. and '.ffa . 

. 6ldaut.. the ' teilperature va. I'al~:·~t ·~;~br~l)' to 110·<: ' 

.a. bald vatll prolla.· ... ·~iu'.d. !be ' .... r.tQ. va, . 

thea ....... _d to r1ae ·10·/lltut. to 26". Thi.a ~ .... . 

,a .. atlon ia ,tctued in Pi ..... 2. 

1'1l~ weaolutiOli of t),ro.ta ... hlsttd1lle he' m­

cre.aed f'f'@m 1.88 to 2.00 but the· peak ar •••• f htatt •• : 

aad ttyptopbaa . were love&-• 

The f1aal t-wo ,..ope. ".. adop~.d .a the .. at 0 •• • 

lu1 for furthoZ' work. 

(c) Separation of Amino . Acid De~lv.tlv •• OIl .. 
4'". ;u, 1% .. Carbov.. 20 H 9!1\1!p 

A 4' collJM was t1'1.4to ••• 11 tat i1'lC~.a... l ... ~ 
. . 

woUld .ove the eff1ctenc7 of the eeparati_ ··.f tno."'. 

and bistldine. 

The aGdno acida were taJected at toDc aad .ft.~ 

. 8 _aut.. tbe ~.apettatu.... fI'Op ... cI to ~l •• ·l00/td1tute 

to 270°C. The na1,818 tiM waa 44 .... "tes. 

The aaalysia tt .. v •• toO loul J:e.ultina 1. -rr low· 

histidine ,.aka. With the lllClt .... ' amount of 1iqutd p ••• 

\ 

~~~~~~ 



Column 1.* 
As!} ~ r.OO @ 18 ",in . 

'l'Alltr, 36 

Column 3.* 
Asp; • l. ()O @ 6 m:!.n. 

--·-·-~·--~--- --·i~T·;-·-·--;rllmi----·-· · ·· · ""RgT.- rdp·-----··--.. --,.-R<l L" Te,;p--·---Rel:·**·r;"Ii'+:;-~---·--·~··--

!i.~O ..!CIJ?_. ____ .j." t:~_eC) !~ll._~ .lJ~_l!!!!:..~tiC>Cl.l1+;.f.!.' ry, .... ) .. 1J.~ •. _~~t I n «(:leI R~ 't'..!:L. . .b!!.: __ ~.et' n.J,~(ltJ{~·~j,ll_jL!..1!..:: .... 

Valine 

tyromine 

II iet id tne 

. 17 

.33 

, 12 

l.OO 

1. 89 

2 , t2 

2. 33 

------_._---

90 

90 

130 

zoo 

llO) 
) 2.80 

;l'10) 

:no 

31;1 
(xMU) 
2. 5 

(,,320) 
16 

(:.:(40) 

1. 110 250) 
) 

3.1S 2S0) 

24 
1.S0 (:1<640) 

~ 
(:1\."120) 
20 

(1"640) 

1.00 

2. 50 

3.00 

:>.1)1 

270 

270) 16 . t2 250) 
) 2.50 (1<(540) ) 2. 60 

270) 12 .20 2S0} 
(:!tJ20) 

270 24 .30 250 
(%640) 
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tiler", W'*8 ccnddtl1rebll:l 'l$e~~ ",t' tae redn alld til" 

,,!'flUting, i:Ul lielinfl !!lIild .. u: d1ff:!.e~lt t o ~ttdll a ~ r e­

solution hE tyro,, £rt<fim.d lti st'ilitile'. ,(Colwm 1, 'lable 36) . 

JA fast!!!:!,' progt"". vUh it t~ _xitnn!!> tGllIIIerature 

' (:<50
o

C) w". tried in order t:o"»revent the ruin from 

t.lclO'idfng. '!'he amino acids ya":~jeet.ed at room tem­

~retu?" and aft er 2 m1m!tes thif i:E!!ip6r at:ure. 'W3S r& h <l'd 

cibnpdy t02.50oC. (eoli.i_2.'t"'~1",36). 

Ylui wh:!t bof ' libe 1~,H.C$te& that this te.i':~ 

'.'lt~.u:e va''s"\" ts!;) Imt9 Tbet~ :va"~ l:~$olut ien 61 t yr"Q'f£ b l t1 

IIn4' hi!l'ti<!i!l\!l .... "d the ' b8l1e Ulillt"till IIhUt(l(1 due to blead~ 

li!'& fr_ the r&&10.. 

thill amino acid deriv .. U Vll ..... uethim i njected at r_ 

~eratur.. 800 af tar 2 smut ilG t~ t e!llj)eratl.lre """. raine 

c , ', ' , 0 
1sot~l1y to '270 C. ' 

'If gOOd 'yeeoh.Uon oi'tyWWllln~ >"'oo b1stidin .. Wil!l< 

~tll!1l'led {2.50)andth~~",ka ·liIIIfIto higUdiWl! a nd tt }'ptli>-

P!:UlIl'.I W!:re Vl!ry~. lWwVer tntt beae litre attn sbife<'l't.\. 

{<»luim 3, 'l.'abh JEi} . 

Finally the- emllo add lUtr!va-t1ves were injected ontO' 

th .. <:olu_ at 250°C. 'rID!! aut,.dll' time "'as 34 minutes. 

. (c..,.lmm '4. Table 36) . 

Althoulih there ""an l1> .~. ~.!;oluUon of tyrosine land 

1'!b t!oJ!1ne, ' tho ' p6llk lf' w l'lI ·.,"'ryl;}lld thl!! base Uti$ 

"bUt®t!' cooaiil.erablY. A1th~~ the " ' ectum it gave '~$ 

g~p"r$dml~ t:he iMtability ef ta" batte UI'I.e IMlle U; of 

ifooht:·t'ul · v 41uol!. 



~1iI0 ACID 

AMOUNT 
WEC'.I.'liD 
!Oii;;;-
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l.tl. ' s 
l.U. '$ 
@ :w 
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320 
u.s 
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10.5 7. 5 l .S" $.5 J ~ • .5 4.5 .4 8.S (I 19 3. 05 4 .$ 'tt, 20 U 6 .S 12 
!h~ 4lS f1.~! !i! 11 !£ p; Y 2.1 26 !ll p. 2 .7d ~ ~ 11! 1!! 

;: ' 



Staaary 

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 N·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 20 ' x 

1/4" 1'.t Carbo"." 20 H colUIaD. for separatton of 14 of the 

19 amino acids, 8 2' x 1/4" l~ Carbowax 20 M column for 

99. 

the separation of tyrosine. histidine and tryptophan and a 

10 ' x 1/4" 1'1. Carbowaz 1540 column for the separation of 

alanine and l~louclna. These columna were ueed successfully 

in qualtitatlve work and in the e.tfiDatioD of the amino 

acid composition of proteins (pag_ 102). The total 

analysis tbDe on the three columns Is just under 4 hours. 

There Is still considerable room for bnproveaent. 

All of the amino acid derivatives could be completely 

separated in the ahortest possible anaIy.i. tbae if the 

right liquid phase could be found and used with the beat 

program conditions. Since the two types of Carbowax used 

in the present study----Carbowax 1540 and Carbowax 20 M- __ _ 

are at oppoaite extremes in terms of aolecular veight, 

there may be an efficient Carbowax resin lying somewhere 

between these two Carbowax resins with the right molecular 

weight per.mittins the separation of all of the amino acids 

on a single column. the possibility of using long Golay 

capillary columna coated with only the liquid phase of Carbowax 
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gbc~ld also be considered in future studies. 

r T!w; QullntitaUv~ fultimal:icm of N-1'rLfluCiToaeetyl Maino Acid Methyl 

Derivard.ves by G36 Chromato~ephy 

III g,u ch:t{}t"" ta~iiI!lhy i. e! to b" \16ild "'$ iii Ofelia!>l!! tool fo"l': amino 

acid analys1ll th" tlle!:ncd of folt"Wil1S the dEii'ivac:i.w"8 sholl id be nl.}1!'oduc1b1e. 

lne prec~ding wor~ has been pri~~ily concerned with the pre-

piiI£"deion and estiwtion of N-trHluoreacstll'l lImlinn 4Ic1d eetl!yl (;late"!:'!! . 

use of the pro(;IIQu;t'<J fic!:' qtl&n!:i. tati>tll pU"!:,~$"" ",:!.ll now b" tltscoo!led. 

IHxture" "i tit" 1'1 c<>t.,~ ... amino scid/l; m dHfertng ill'.!\G'.tnl:s werE! 

*d~h'H! out and coo" .. rt",d to the ",,,latHe oeri'l"U.ves by the _t1w6 de­

""ctib,,.! on l)iI$2 25 . 1"1'1<1' S$imp105 cfmtaini>.1g 1 m;li;, 2. 5 ~, 10 ~ and 

20 t~ of ~ach. $~Tti@A> ikc.id ~,~,rt~ c;;n:'r .:Lli.o t.hr!)ttgh th0 ~%fmt~dure and tlvt fit'ael 

N-!"riHuOlfoltcetyl \i%t!tyl cl":t'l.v,",U.v~ ,, wen take .. "ll' in dry mthanol and 

m~<'! ti> a l1elum" ",£, 5 1111. E""h umple Wltll I::MI!l chromatosrapned OIl the 

~hite" colutlllls: 20' 1!'~" IX C"!j:1:I0"~'$X 20 M, 2 ' ¥ '1:" 1% Carbows1!< 201\1 and 

lti? 'y.; .t;H 1.1 Cat"l'lc)%0.1ilt l;jl~O' & 

If 5 111 silm .. les are i!l"j;;d;<'!G, th~.t"l th4< ""tlUl 3mo'JQt~ of N-ni~ 

U""roJ.lcetyl <21111_ nefti methyl 'kd.\Ml:1.ves inJ~"t'lld onto tbe col_ were 

~q:uiva l€;tllt to 1 11ft , 2 .. 5 ~lg ~ 10 pg ~ii~d 20 J,l~. of ~HMi.ino Ol c id r.8pe(:ti:~C'ly'll 

The 1£1: ·~n ug,aer th~ p""k fD,. i?""h $.!!tii1€i at:i.<1 "'liS calcuu t,u;! frcc 

the ,;.umber of at!'ok"" sec oy til" IH.!lc~C!,"'rt !nt"~lItOl." a~tac:he<l to the 

r':c!>1:""r. 'l.'ha arees; W4l!f'E "'!l:j>l'assl!!d ;Hi I~tes.raI:.Qr Ih1.ts (exwiI'aiol'U!) .nd 

8~~inf.t th_~;; ,t-etO·nnt: It)£: :2f,,;.:h &@:&no \~c :td :fnje:c!t'S'd .. A lirt¢tlr re"" 

l"tionshi.p ,",;us 1',$\;1:Nl bl!tw!l!en the " mr,.tln t "f Iili!l.ch m\~1x,<)I a Gid i..'lj~eted and 
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4 

Figure 3. Graphs showing the relationship between the amount of amino acid 
in the mixture and the area under the peak. Units: Ordinate J.lg 
amino aCid, Abscissa number of disc integrator units. 



101. 

the peak an.. . (s",,, lfil\l:J.u."C 3 aud Tahh 31) . If tile oeeall1onal devilll ti<iliil 

£r$\'II linea::dty ~_" <ltt lf ibuteo to weighing or p:i.~ t: ti·"g " .. !to·t~. tllen <111:11..,;: 

thil 4:OI\Vlu.'sioo of t tK' aMino iileid t o itt; vGlati.le d"t. l Vt,tive h eOl!!plete !);!l' 

a "oostant: p"oport~ of e aeh amino aeid :I.", _ w on-ted 1:0 the vohu:ih ar­

!vatiC"e. 

The deviadone fr_ linear i ty are _aUf at the 20 fJS emino add 

~centr .. tioa. ~ill i ll attributed to ~ev6bin~ e~Gr$ , since the 20 mg 

.alliin" acid umpl"" 'Werfll 'Wei~"d on a different en<1 less /!·ens1t111''' habnC.f; 

t!U,KI tllat u$e4 t,% 'Will~ the t"e~ Ilmount;a <lIf ",mlll!11 ltd", Altboog;1'I tile 

ItIMnO aeiel dllr i " <lUw<!1I ",,,'I:II e se iaated "t dttflWe~t aUelltlllUons the ar'MUIl 

W"It!! correct.,,: t o' a c_ attenuation ( lI: 20) f @.t: linear eve.1Witicm. 

The ca librat ion c urves wer e repr oduc i b l e f r om da y t o day for al l o f t he 

ami no ac i ds . 
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S!i:c:r!O~ n! 

THXf: fHs'TEElf!t'·fA'Y'!O¥0: OF Ti:u'& &011NC OF 

PftOTErr{ Lrt!)ttGLys..NrE~t !5Y CHI%~1.Ni"OOP.APltY 

1. J~troduct~ 

'fh~ a:ro:ino: '& eid 

~:an4 ova LD''''I~:t1i 

of '""1.1<:11 ... , insulin 

1":'"~''''''4''' "as-a I!uhj;:<;te<l to 

freJ2 4'ci '41$ tbe 

~er4eri'$;at:iv~s to 8;Q$$ 

th;a to-:" 'th,,-= of tecitis w~rEf 

'Within: S:i)~ ;Df tit{8 i~~ i"I::Ql;ein", , _Ilhoo 

~£ ., w ,~.~,.~',"" 

~~iJJio:a [i·0c@:@;sa;fy·:fos: 

et,?u31 

l1yd%!';@eh:lt%ri~ a,cixi 

vol~$ of ~oncentratecl 

an<i di"tUl",d w"t,,)f 

Il:l.ving a of al"i'l'ox:!:lI!illtuly 1.10. 

The l'&i~tt.n:~ W8tS place:d LXi :t¥ !'oun~ hQtt.W:A fl~H¥k 4tn~ 

""H,';'~" 0 

~ag 

lO~~C ~&vil'lg val}' t~i€t <11#-

lOO-BJ)OC. lnitt f:!!'S!::tio!t 

b<liHng lh~' ~!(:i'q:Mlft~ut 

~c:icl. , W1~S ifi$. 
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stoppered bottle _ad us •• f~ the by4roly.18 of prot.tn •• 

(11) Pc_Dratt_,. ofPl'ote,in~ for Md.ftO Actd .Aaaly.18 

Protein samples were obtained cOIIdrc1al1,- hl the *' 
for. or 'ft the csse of 1Dsul1u, prec1p1tate-cl by a CODD01l 

pfotetn precipitant and fl'ee .... *le.'. 'lhe fty prot.1ft. ••• 

then wei&hed iDto a 10 .1 ala8s 81tpOU1.e. It hot loluttoa of 

c:onstaat hollins ' ,' hydrochloric: acid vae added to the am­

poule, fl1l1a& it to the 4Olt8tw1ctioa ln, the l1.eck. JSlt~oa •• 

.as may be introduced to cJl'1ve out o.,&_a_ '11le bot 6N Het 

, . !S~~ 

w1'11 dJ:ive OUt 'OXY,4Il, 1 ••• o1n. tbe' ell •• ee of any }\1:l,n1Jl,-."fOhliaa 

in the bydro11.at •• 

The 81a88 ampoule was Maled at the open tip, httatlll1 

the ampoule while sea11na it, to drive out an, residual 

oxypn that uy re ... 1a. The pl:'ote~ Was then hydrolys.' with 

the 6N HCl in a ateam autoclave at 110GC for 12-16 bour •• 

the bydrolysate was then placed into a amal1 naporatlOft 

flask and the aCl removed by evapocat1oa on a rotatory .yap~ 

orator un"r negative preQure at 4QOC" Tbe residue waa tbea 

waahedthre. time_ with 50 mls of dry raethanol and evaporat ... 

• e before. 

The ".a1due was then cit'be .. d'C'ied oveZ'lliaht in a d •• s1ea., 

to¥ with phosphorus pe.ntoxide , or luaediately esterified. 

twent,-Ill ' dry methanol was added to the bydrolJaate and 

the flask was placed in an .tce bath~· ., Folll' 111 v8t.~ .. clea'l' 

thlonyl chloride was added dropwtse to the .. thanol. Ilixtaa 

constantly. The .~xture was heated at 400C for 2 hOllI'S ia 



H'l4. 

<I" e il bath . Th~ c_tents of tn{l flask we!ll;! then eV"~lited 

on ,. r o!:story ,'f"apO,,&t0? ",~d"r M~tiv{l pr essure at 1'_ 11;0111-

~<lt"re. 

'1'0 the reid cluO! W,,:a a <id"d J Il'.l of Tri~nu<noac"tie Im·-

hydride and the flask l e f t at room t:"1!lp<iltature for 2. llout s. 

The e~cea" Tri-fluoroac€tic "nhydride wail then r emoved by 

eVl.ipor"ti_ 'lS, before. 

The resi"u .. was dissolved 1a dry meth,,""l tu " _11<1M 

of :> mh . 5 1;", 20 ,.1 s<lel?1i.ls "'1$"'" i njected onto eacn '!i1f thi! 

tl',xee cltrollMt cltr aplly c"l_11: :lC' x ;;" 1% C<l!ri:>cwex 20 M. 

2. ' 1t( l;;" l~ Caro-a>!: 20 M snd a 10' x *''' n, t:nrbowl1x 1546, 

a~lo}'mg th@ i:l\lllii'erature ?tl;t~&_ 4escdbed m1 paSe s 54 - 58. 

For a rllp:W rough ,!u!ll il:at:i'lffl analysIs, it 'lIl!IS a Cya02!:;-

a s." ous to f:ht3!: ident ify tha I,Il£!i w<l aCi ds »1'''$01<11: on tn@ 

2 ' It lI" 1% CZlrbOW!x 20 M colo:nm tilling t he s low pro3%"- de~ 

scr ibed on page 54. 

3 . '!'l!e Amino Ac:l.<:I C"""l"0dtiol!! ,,£ Casdtl "' if! llet"1I":,unad by G",,,,- Liquid 
... _ Gl~K~~~_t~~Ekih-9A" ' _ ___ ~ ___ ' _______ '"' _____ ' 

H) ~rilfl!lntal 

Thir ty "'.gill Clf dry ~M&;l.n :v<m<:llll'. Pili' c!cul/lCed tr_ MIl'ltclr; 

and Co •• 1i&5 wigh"d o'-\t into ;t lu !iil gUlls aWj'iCula. r ae 

c,,$ein wa~ t h,m hydrolyited with " .. m &i:.a .. t " 011111& pqillt lIe l 

(f&;~e 102) i l1 an autui! 181J'e ~t 11.00'," it.»: 16 hours. 

Th" an _ll then ,tvapur ated aud tile r esi.dua washed 

103) ~ 'n'l(;~ rllilidli% WilS tllen Ilste~Uied ~ 

thi\' proce.!""" d"s(;t'ihe" _ pa~ 103 Il.UQ the OlstC1"S dbBl>lvN 

:tn dry (~th~tiQl to s ~;?Olu~~ (i;f 5 mi., 
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_ • ..,!;:.?,.!!£.{L!i.t:n,t:lolfH .~ 3Q flIfI,/5 ",1 lMl:l1&lIo1 _J.!l..lllt:t~!.- 60 III i!l. W p hi 

1t1#·1. St:~ud. L ll . ' II e~ng. Iil'm a. IJ, .I Fub l1ehed '1;ilul!l1>J 
~!!jO .1=.CIP. ~~_,~" , _."~~.!~~~,,,,,_Aet ~---L:JL~lLJ.t.lj~ t t t~ l'I_4t~L~...,...;;!$!S:.· ... :'J'"","' ... · _,JIlQ.,.2..Psotdn _l!.~$~l:'e* _t~:~l:~ih**'_ 

Cyetdne!2 ,(.0 .'*0 f, (11.40) 12 0,4f.1~" 0.(1.1 0.34 ().4~ 
\i'olIUn@ .sa . tH n (xJl21) 116 4.2 .~ 7.00 l ,'lO (I.SO 
.1nflinG . 63 .66 3.5 (1Il20) 
1$'01.@uci1;"ft' ~} (x3,tO} 

56 2. 6 ., ,~ , 33 l .an 3.70 
96 3.~ H· i(i. :H (j,tO 6.40 

Le\.\c,itll'l .1119 . 72 11 (:1".320) 212 6. 0 ;.t. 11l.00 9.2U ~.9U 
Glycill@ .70 . IU 2 (:>t3~O) 32 2.7 .. 2.00 a.GiJ 2.1;10 
PU'I) 11,t), je • SS .111; 10 (x640) 320 7.$ H 13.01) 10.aO 1:1.20 
1\ '" l-'" iC t.i <\ 1. 00 1.00 6 (x320) ':J6 3.l t! 5.'0 1.I.Q !~.40 
Thi.'"cm 1.rMI"~** 1.16 1.16 2 (x320) 32 2",SQtf 4 .111> 4 . 90 4~gO 

l% th :l.Qil ioe 1. 20 1.21 6.5 (x160) 52 1.8 .. 3.00 2. &0 2.S0 
Glut'\fl'!:lc. 1.24 1.24 6.5 (x640) 416 14.2 " 23. 70 4~;;:a .. i~O ,II:?, 5('; 

i"h®nyl,ill.,lll!n.) 1.30 L 26 (; (14M!)) 192 3.0 ; ~ ~ :,. GO 5. 00 4.60 
S1I!1I'111111 1.36 1.44 2., S (xZ56) 32 3.5 H 5.&3 6. 30 6.30 
Argird.M 1.76 1. 91 4 (1(.1fl@) lZ :I. lI H 6.00 4.10 (, .30 
HyQrQ:/Iypl:'oli"~ {} 1. 96 () 0 0 0 (} Q 
L)/,l.'in{$ 1.g,} 2.03 11 (x256) 141 6.70" tL70 $.20 iI . 9(1 
'i.'yr()sine 10 {;d28) 64 5.00" 5.00 6.3Q i . l 0 
l!istid lne () 0 0 0 l.tO 2.90 
1't'Yptopitjltl, I) l.) Q 1. 20 1 .• 6ti 

"",---- '--"-- - " <--"" "'''-'''---

* G,. It. 'l'rh r;nl!l 'rI;\1I f'1t(lte1n" v@l. 1 , l'lIi1'~ " 1'1'1. 211." *<lllut4 .mo !!@Hey. (1.953). 
** l!. 811>.111:'0w11:3, The (.11<"1U . .. nd Fuuction (If Plwtein ... Pl/.. 1911. % 3) . 
*- ]0 p h (130 ~al11'1 ) Injl;H::ted . 
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Yl,,, L 3t<llnd . 
MUNG hS:;::lD;;:.. ____ "'Rs""t:;;..:.!l.._!i"'.t' n 

Cyatiiine 
V., Um@ 
Alanine*"* 
hi) lev,c l.n~'*'" 
l:&ucir.te 
GlycL'L' 
1';:01l.IMI1 

All par tic 
'tl:n:eon f.ne 
Me<thionine 
I> 1" t.o>! 1111 c 
li'!'!Ii' ''''), tOl l <l'lb .i!\ 
ll<tli\" in'll 
Arainine­
l1y.lI.' oX)'pro U ne 
'Lydns 
'l'YJ:' <>$ 11.'1,,11<*'" 
!i'ill t:l.dinll 
T.l:Yl'tOphollll 

_,4-2 
"q.(l 

.. Q4 

.64 

.16 

.IiO 

.<i$ 
!. , tl l;t 
t.2Q 
0 
1.12 
1. 44 
1. .$2 
1. 8\1 
0 
2. 12 

.42 

. 57 

. 63 

. 63 

. 70 

.J,) 

.81 
LaO 
1.19 
1.l5 
l . 30 
1 . ,,0 
1..51 
2.0S 
2. a 
2. 26 

'-'-. --._--,,-' -'---'---"--'_.--

X.II.'s C<Ht'" ~ 1iI .... 1 
l. U. • s <1i . .!~!. "K 20 _~>:<1hrd _ 1.0eUlf!! .. .E.rotil ill 

lO (d~O? !.ill ~.6 up S. OO 
1. 'S (d;;;!!!) ) 480 U. S " 9.60 
4 .. 5 (d2S0) :laG 13 ·0 " :.1 . 25 
3.8 (x128o) 2103 '~5 " 2. 33 

(', (;d5eO) no 17 " 14.20 
6 (x320) 12U (h, 7 

" 
5.60 

6 (l<64()) lSi:! ~" 7 
q. 1. 96 

7.5 (x640) 240 8;3 6.90 
7 (x80) 2& 'l,,1I " 1.50 

0 g 0 " 0 
iii! (lIMO) :.n6 :<0 " 16.70 
l~" ,I;) (;u;£>4() 576 \I, \l .. 7. 50 

13 (dIi\O) 32 6. 3 " 5.15 
i2 (:V2/).) 192 28 " 3.50 

0 <> " 0 
10 (:Kille) 411 2. t'f " :1.00 
2S (xMO) 800 3& H ~ . ()O 

9 (MilO) :S~ 8. 5 " 2. 13 
() (,) () 

'" C. !'''lI.'n~ lll"ot. Cold SI':rinj!: lIal:'i""J:' Syflt?",,;l,<Il Qul$i." t . 1l1Ql. 14. 49 (1950). 
y, G. R. Tr1!ltt"alll. AdvanCe:! ill frote!n Chall1. 1. 83 {l949}.-
*** .50 uls (400 ugms) injlllcte 4 . 

PubUsh<ild Vd'''lHI 
lQt~3<ilot* Tri3~~&t~~ 

12,,)0 
7 ~4 1 
4. 58 
1.52 

14. 63 
4 . 51 
110 02 
:L51 
2.34 

(I 

19. 30 
is. 30 
5.16 
2.86 

1) 

2. 72 
12. 10 I, . 9i! 

() 

12.50 
1. i5 
4.50 
2. 17 

13 •. 38 
'1.30 
2 • .53 
6.80 
2.08 

(I 

l S. ttl) 
e.14 
S. 23 
3. 07 

o 
Z. !H 

13. 00 
4.IH 

(I 
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t'<rl'iidue wall esterified by the procedure described 00 

W4'ie 103 "'ftC t he estn," dillsJll>lved in dry met""nel to II 

",,1_ of 5 lilt. 

Fifteeml p l VIiS t"jeetlld mtlM, till!! l:!lr'M~ chr_tO/lirap.hJ' 

CQlumD3 dee&ribed previou81y (pe~ 54). chI! co~e.tret ion 

injected wu UO 1"1; of total protein. 

Th" ",,,ure Were Utjecl:.ed Wrt!:<'t the 20 ' It it" 1% 

carbawax 26 M col~ at 30Q C and after 14 minutes the te~ 

perature was 1'%O&1!'a_d to rise S°/lei'flur.e to H~OoC _ 4 

heid '\InUl glutamf.c: was d!Jted, th",n progra_d to '£i1>e 

JP!mlnute to 240°C. 

Thtl IlIt!'!!!!!' twe c O lu_a 1Ie'i"';; ""I!!d ""Uh tile standatd 

FO~rurut de&cldhed _ ?"'g£s 54 -8. 

The peak arena _~e ol>t llir",tl at the partie"l. lit­

tetluation !1!n<:\ the peak glNilllfl &1: en "ttenuaU.oo of !Cl(i 

<Jere ca1culat:ed. The amino !leia concentration for the 

!"l:tei!lil! at l<::!I'l ~e!re obtained fr_ th", ~&iI'ha of t be 

standard amino acid floluttuu8 {pege 10 l }. 

(H) Jl:eeul.§.$ !md lt1sc:uaJSi~ 

'hM ", 39 0\1:I:e$ the amollll!;S of the areino 3cid" fmun! 

in the Insulin. The "e values .we "~red to data pub-

'Hailed by var im'$ work,,!,£! Ulliu$ ¢tither !lM:ttw"'" The 

r;t l llUve retention vallMl's ami the p.eall: arell" (intear:dor - - . 

strokes) are dso listed¢ 

~ methionine, hyd"li'mIJ/'!I!'olUte or tryptophan _ 11'11 found 

in irusulin. Thta ree",U: l'luetla vith !:be results a!)tm.!1O!!d 

ot:nllr YA:>ritar!l, 



l G(4. 

The valueg obtei~Ad for vali~, alanine, iaol~uei~~ , 

:i~'M: ina, ~11e me. l"l'O H.ne. ~!!.,ai:Ue • &ltltiiillllic , ph-e~y 1 m 

" 1;m ins , §erine, arginine, 11",i_ and ty>tos!t!$ are in the 

range of ~ 0- 20% of th", ~lJb l.b,ne<l valtle". 

Cjrsf;e tn" . tllr"'<>ntn" and bi<!l::idiae "","" 1_. the ".,;lltes 

:ranging from 30-561', of li'Ublisbe4 values. 'this is i'"sf.bly 

a fault of the (:ht'c;wlEltogral"hy, '!Jut ",ilt<:" t h:i.s ~'iii$ a !!®wple 

of cOI!r>!ere1al insulin it b !'Inri! Hkely du" to eonuMnaU.oo 

of the insuHn with ",,,,,thef' protebl.. 

5. 'me Mino Add C0l'J!1"6sitioo. of OValbumi n alll l:letermilll.ed by GIM,-!.iquid 
C\;rO"..atose;,phy 

(i.) !~"tp~r i~nta 1 

'~l'itY<"BU ~ of crystal1iti$& h*~~, @£g $lbueitiJ; pur"" 

,*"sed fr_ Sigma a.e",uesl Co~!)Y. St . Loliia, Mo • • ~!I 

jl,laccd in " lii ~ll. .. ~c"l,,·. 'rh0 ov" l!nkmill. 'Ii/,U; lay<lt'IiI<-

lysed st 110Pc for 16 heut'$ ¥itu CGn~tant boilin3 6~ Hel 

(P$~ 102) in. .an aut:zx;lav~ .. Th~ Hel ~"ae then e'1f4p3r:GJ t~d 

COl1v;(Ir ted to thil ll-trifluoroz;cetyl ,,"ethyl este~ 1;y the 

¥!,p''''Hlure described _ ~sge 103 aw;! til'! <ie::'ivUives dbsolvH 

in a:cy ~t,h.61ru)l to <l 'V;i)l~_ ~£ 5: zsl. 

Fifty ,.1 "ample,. WI":::", :j,"tj .. "t .. d _I;I> to" t1n:oa cu>tOEQl-

t~avnY columns described ~r~vio~ly . ~ amDUnt of ~dro· 

l.yz~d o'ila1h"min injec" <1cl ~1I~'"I:'U$ntljd 260 "iii; of tha origina,t, 

~ot(fin. ':i'lw d",rivativ.e3 wr~ inj.cted onto the 20' lit \" t% 

CIJ~bGWalt <:olu_ at aooc. Aft"", 14 minutili! the tllwpel:'&tUt."1l 

'liU prQ!l;ra_<l to rill" 5° 11I1:l.nut<l to 18ooC, hd.d thill'<liI _til 

til" 81utamiG was eiutetl "nd th<lil<l FOgl: a~G to r1$* )O/mc-

,~. "1.,,0,, 
~,.,.~,..~ tQi _l'ttOl v . 



tl~ iIt,mro ACIlJ C<»I.l"JSl!'1'l~N OW ()\I.I\!Jl11M1Xl' 

CO\lIcc!!a!!at+4)~~ l6 ~I 5 ir,l IImtbolnol 

Rel. ll tt.hld. LU. ',.. Ctmc . (le. f}, ." .! l"u1)lbh<l<l lI/11ull ~ 

!!!l!Q,_f)fl~L~~ __ ,_ ... f:t!U.~,~!._"""",~~~~~! __ -...t't .. Y ~ • $,", ~, Aj;,r; i ~, _!t.l!L~,o;o_..,,~J!g;.;~~!!L., .. l.~~&!L~~~ ~~,.""_ .. "' .. _~ ___ ~., __ ."'_~ ___ 

Cy1ltell'!@ . 42 .4 '1. S (xijO) n $ . 1} fJP 1.46 
V",U'M! .. 5t~ ~S 1 Hl .5 (~d280) iii]? 10.2 ,., 

tL.22 ]., U 

All.l1l1lil1i . 64- • {,';3 6.5 (x(i40) 12~ 14. 5 " 5, 58 5 .96 

Isoleucinlil . 64 . 61 a (»1220) 512 14. 9 " 6.30 5.36 

L~t~f,;~ i .lw.~ ~6 ~ , 7f) (, (:>2:;(>0) 16(~ 17.;1 " 6.60 {L 04 

Glycin&l , ti l ,1') 3. (J("MO) \1(\ 5 " 1.92 :r ~7)4 
h oline . 1.\6 . 1$7 '· .HxlUIQ) 2GO &.l'l " 2.6:1 1..3% 

1. (\\) 1. (jO ., • ( 'u'n, M.~ 17 .!i u 6. 12 3. 04 .A sparU.;: .,J .. ,) ~ ' t':~1 

Threonine 1. :rl L 1 \1 it .. 5 ()tl2:Q) 12. s .. ~,~ " 2. 23 11 , 04 

itlethi.onin<il 1.21 '1..:<5 U. (x32f.l) 176 5 .. 8 .. 
2.23 :L42 

Glutsm:\.c 1- L30 I) ("a~6l'1) 16$ 25 . :) " 1,. 57 

l'l:tlmy l« 11lntrl'll L" l> 1.40 U (:d.2aO) 105 U.2 f't- H.vll 1/,,48 

Serine· t.5l!- 1.51 I •• 5 (x6(,O) 144 l5 •. , 4~ J2 1>.68 

·~Il'a !.nill~ 2.12 .Z.O.5 lZ (!18(;) 128 U " 5:;>8 6",;5 

f!ydl'ol'<ypro !iii" 0 2.15 {} () .j) I' f, .:lQ 5.U 

Ly$1n~ 2. :<5 2.Zf/ 10 .(",640) 3:,(0 I).a " 
('I I) 

'1Yr"~ it .. , to (1<160) IG!) 1~7 q 3~4{) . 5. 52 

iliaUdlllfJ I.Q.!i(lI40) 21 5«5 i. 2.,H.l 3, ;,3 

fiypotopharl 6 (1<40) 12 1 .. 0 " 2.1£ 2.06 
0.8:> 1. ()1,~ 



'rhe ~$.ak are&$ Z'l$coraed at aach particular att~nuatiO!f!> 

W'$:f,f: corrected to values at a 20 Jl att-@;ti~tiono 

f , 

Table 4·0 the; atr<iOunttfo OlE amino racids r,,z-c.overed from 

1(}9 .. 

0VKi lb-uffi 1'0: <> '!'h.~s@ va lttti1& are to date li®tH~d V<ll.ri'>lll> 

au:tho!"s otfU1::t' mfi!thods of d§:t®rmi~at::L{$lri .. "fhe r*l;a tiv~ retention 

~tJE 1 U€S: <End th.¢ ~:n::'ea$ ( stroke$) ,ar'$ also li$tad" 

All of tn.e; ilwli.nQ &cid'% ;$2(C'~fPt. lhle t<Y$re foun.d 

in {Y"1alhumin" This t"il;$ult .itgrl&€s ti!ith th®: &6;i%10 ,acid 

other: autnct"1:§1i) 

t.{% inG; j; 'va line~, alag lii%i@ ~ l$cl,*-uc in@: , l$t1c i.ue t 

Pj,;'O 1 in€:, t1:tteo'n, iraft " 1a hHtin.0 j$;®r 1.:t!@to-

histidine £tua. a.:t'@ Y;!ith:ll'& the l"'ange c,f +.- {)",,20% 

of the lishe<* va I1J@s" 

tteeniot].ine, $lut~,;1ic and iue are within the ra!'(g® or 

+- of the pu:bl ishee valtH~$", HO'iieV9I." $ since dl"ff~~!>e:r!t 

iOIlS of ova:lhuru.in from vin~:tou§ go'Urce~. he.;,\ft,) si {;~tffe:r"'" 

.ftnces i:n at~i.nc~ ac,td cOnl}!'05ition it 1$ that the value$: 

here very clogfjly s,ckuEil compo$ition of 

oC,valhw:l1i:n {l$~d i£'.S th®@·e:, st:udies1< 



ne. 

SEC'!'I01% 'lIn 

Il ISCUSSllJli 

L Til@ ll$t@:rificaUofl of M!doo Acido!! 

j!'or . thi!\$»;!! .. !:;r~t~~"phi" """",nUon <>f ",,,,ioo I>ctd" a wriad"at 

!IIHUeul!:y hlu, b .. en the repro<lucil!le COIl'!l@t'lI1on of oon-wQbtile ami"", 

$ .. ~tl, 0f .. ~t~.~lti"$ points to v<>latil@ deriwat1'!1ll!o!! wuitable for $",&r­

~UOIl within !.:b~ lWu of a ~s "hrona&cgr",h" 

Many work~rs h,l/v" "lied varioo" nath"ds !:;@ (;8ta1,11<1 the "$tlH':U'i~ 

Gstiel!. of th" carhoxyl ~roup. !!!(Iat pell'ulai." ca ta lys t a1!lllydroos 

hyorochlol."!c acid. However ~th"<l <lees oot f~eili!.:",!.:e a!lle~"ate 

e!>t"r ifics I: ion tlls amino 0'1: i:1"Y'I'I:@j!lhliln i!U$ cY1§l::ilini!. 

01>" dUfi"ulty I1!nCl:>3nunti by ll't'o&vioos .wkl!!Z's lUIs !;,,,en th<& 1i\$l:li\d~ 

,UeaU_ of '!lade IWlIIioo "c:Llie. !l'l.fH.::u'!.ty hllli\ a 1110 '!I<l:eil <l:ue0Unt,f,U;"" 

with eYllt'll'imuiit. tl."},!;O,I'!!iil "nd thor hydwl:>:IOtJr1mi11I@ i:lc:!.cle threOf!!.tM$ .mcl Ii\li\wi.u!. 

(i) 'n;e tie. of 'n;ioil,yl Chlcl:'i® to CiltdYlie l!;stelf 
FurlMtion 

typ1ciil liltU:er:U'ic,aUIm ri!J;lctiotl­
Hei 

i CH)(l![ ~ It'YIi,COfJCII.., 

':.ifM31 
cr 

112,0, vatew I!!n 'i!nd FO~(t!:. 

Tili!r<ll ill l?"l'ilIs11:>Hity that '!I'll!:e!.' f_d ia this :t'l!!l!!cUon wUi 

,rlllveat th<ll esterificaUon lilPili,S to cO"'lll'lel;i<itt. reaS<lInt to: 

tile esterification of &lIIinu seidl! would tnelfef$re be 1m!!! wbich c"",,1& 

aet ~$ a water $cav<Ilu&er ",I; the cat",ly",e tbe esterification, 

rnionyl ehlo~id", W"'''' found to be useful in re"'peel:. 

Sin~ Brenner ant rfiillt<llr (1'51) firill!; "sed thionyl 

cbloride for th<llootbylition of L~mel;!d."'n111<1l, 'l!lhich WillI> to be u"'€Id i1'l 
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,.pttn snytheel.a, DO eae ha. reported. study of cbiOll,.l chlorid. a. 

a ca~8t f •• eter1fy1na allino acids. Altho_all it v •• u •• d by 

tv .... to anel Morimoto (1964) to fora the N*o,aaoeth71 but,l •• t ..... f 

...... 1ao aclefs tbe)' dld raot ftad it p.~ti.cuLtrlJ' •• fut ta the Fe­

pa~.t1oD of cll. b-."l eatera. 

!bt~l chloride 18 •• 11 ..... to be aD .11101 .. t 

.. t.~ .C4ve ... r~ 

$0012 I 2 82 0 ~ a2so, ~ 2 B01 

UaiolaJl cbloride ha ........... to ,by', aa aeti .. 

~ol. 1ft the .. thJl.tl~ of oraaaic acids. The ~ •• etioa pcopo •• d ., 

Goutd 1" which' __ .,.1 clll.i •• caa act •• , • nu_ of _Cl\7'l ..... 

for •• ceriflcat.ftoa of cawboxr1 .oupa alaht appl, to the _tb,lAttoo 

of .... ao acid •• 
1101 0 l' 

CH308 ,. SOC 12 2:! ~ CJl3OSC1~ CR,Cl I- S02 

ille _the1lO1 coul' react w1tk the tIll.,l cblo1tlft 

101'111". _thy1 alalotonlfite, elliatel'_clt,.'e vIlleh Oft he.t"'. re. 

1 ...... ullar dioxide forat .. Mt..,l cht.i.. !be Me",1 chloride 

-she the. Jreact wIth the ' a.i., ' acid to font tbe .. thyl a.s.ao act • 

•••• ~b14roehlor1 ... 

C8,Cl I R.CII.Q)OH ~ ll.crn~COOCll3 
1012 :3. 

v 
.... ~t_llt.l .vide.ce '" ••• t.~ ia •• otl. '.dl'8t •• 

&h.t thioa11 chloriele I •• ,GOd catalyst f., the f_utloa .f atdAo 

.otd .. tlay1 •• te .. s. 

It IIlpt be poat"late. that tit.tbiem,,! chloride 

.... ct. first wltllthe .. thaool tcma10a _th,l cbloride .n' ~.1 ••• 1"1 

~~~~~~ 
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,Ii~l~ur diQ.xj,d!l,aM l1lt <t~Blill!e tt- lI'elOOVinl$ water produced in the 

OI! tel' if.ic4t1tt~d:e~ tiQ'4<o .:tbili :relicti_ ':rli~ueaheati~ for c~le-

,Uon. The me$y1. chlorUe th:an $I.\Wl:l..~ tbe_tbyl greupa for the 

.me,tllyla t:l.oa ~f"$~G 1I1lci-l!!e. ,B(lcn reeet,ans INt!llaU'e heJltfer ' II, l'<'JJpU 

clmver.ai.on. the ot>t~ 'temp!!rature' ~efua '~G for ",time intervd 

oft., hoan. 

~. 'file .Aayll,l.ti<JI!:!1Ifthe .Ketnyl A!IliM Add &.t.:u:a 

'The aeYl~UOD O! ' 41'1!1t1O acida did ~Gt l!iresent c<Il!'PlIl:'lIble :~U.fficul­

ties to the uter:l.ficaUoli. TrifluoroaceUc anliydlt'ide ructlO,: 'il!lickly 

With the IImno grOllp lit :l'Gtm tIlf!l!!'ilrature, the reaction being 

R'~'*'1~113 
1m 
hl,7 

", 

R.!. 
I (PF)CO)20 . ") 

•. ,C";. 

· a·~·~31 ¥H 
·fif#G ec 
CF3 

i}. ;', .. '0 

Cl'3C'1lWf I- act' 

'. ~',.. ,:~ .; ~.~" ,,-c' 

'rne concentration of trif1!,1o",o~,;;!!UC llItI'lIyoll'ide Wall ill excess t!'\ 

the "'lOOuot MIil<'lecl for reac tion, in fact it served a.s the solvent for 
;':- ,~>.':" '~",? , '>~'::;" 

this reaction. 
~,,\> ',\, 

3. SecoMllry Reaction of Amino Acids . 
'<~; , \ ' 

When the amino scid oatHS were injected on the colum i_citataly 

lifter en,,!r preparation the der ivatives oft!u'~lne, "",rille, arg1ninf:. 

by<iroxyproline. lysine, h istidine lind tl'wptopfian often $3Ve 1_ peak 
'." ~.- ';'-;.-

areas . On standing overnlsht t he peak areas increased to ill maximum 
""\\ ' \. 

value. 'lhia$uggested that s seconlial!.'y ltE<ecu.on llIipt be tekin$ place. 
,,' 

Since the final derivatives were d1sso1ved in dry methallOl and since 
, 

trifluoroacetie acid. lind _thyl trifluoroneetate would be present in 

trece amounts further methylation or ecylation would be possible. lrne 

amino scids all had one factor in co_, fhey aU possessed eitber 

8",,(:I)I1<$lIr1 hy<;!r$l!:j' :I. p-oups or t!ecOtMia~ amino 'm' i llino group. 1IiIaicli c(:)Ulci 

'," . ~". , ': .,.; 
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9"",- Ja •• COlUfuy .... ctiOD •• 

By til. .... of iftft:.ed apectH'co.., ChtAblaaakaad sueb •• 

(1964) ahowe. that tbe hydroxy •• lllO acide tlw ... lu, •• riM, by • .,. 

,coline aDd tJr0.lae oou14 ford .,O-b1ttrifluoroaeet,1 derivative •• 

ftt. reacttoa only took ,lece if the 0( "....,.1 pou, wa. fket 

•• terUled "", • _tbyl p:oup. !hue. tYit~i.t<;t •• ct10. would ••• u ... · 

lfta •• "1,, ••• all 8 .. .,le: 

1IO.CIIJ . • ~ •. COOClI3 I (CF,O)2G. ~ or3COOCl12.~.moen~ 
~I_---~ 

e1'- . Q:.G .... . , 
Altbouah· '" 414 DOt looktRto tht. pH • ...,111ty, it _ ... th.t nell 

. ..... ottoD ·wou1 .. Ite ,. •• ...,1. fu thl"eoafM-, . •• 1M.. .. .... oxypHil ... u 

t,.. .. ta. ill our work. fte •• cOlUJ ... , re .. tloa .t ·TrA with the .,...,1 

poop wOuld be expect.clto be .1ow. t .... UA.how ••• , .. efereno. t. til. 
: overnight . 

~ •• lao pou,. Oft staadln./iathe .. tt.aaol tll1*8oaf. •• aad ........ 

. pt," hel_C. Ci ....... ith tiM, kt til. d.c ......... che •• II1n'-. 

.ttft vlalela th... i. ao f.ther decr..... ... ...1. imllqt. tbat 'M 

t~'flU01'o.ce*,111oD.d .fthe "*oxy~ poa, ·oftlt ••• a.wao acid. 1. ""­

atell1_, • 

'!he ....... 8cl48 with •• conda'ry ..... _OIl.. 1... 1' ..... 41 .... 

.... 1do &rouP of .... ,., .. could al_ udd .. trUluoroaeetylatlO1l. III 

the.. 11 •• etl ... · It 1. ....... that the Ui'l .... cetyl.tlcm .• fthe 

<-ald1lO .poup wouldt." place,-",utel,.l1e. the E" .... atai.a9 .. ., of 
. . 

1,.,,, or tbe .... a·We PCJ9, of .ratniae YO\I14 ... act DlUcia .1CJJWft. 

'. 
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4. The Separation of R ... Trifluol'oacetyl MethJl AId.ao Aelda 
by Ga .... L1ClU14Ch1-OM.t~UW.I»h:r .. __ . __ .. ~.~_. __ ~ .... ~ .. _. ~ .. ' .. ~ 

(1) l!aot .. aAUectlg the Seteres1ft .o' .0 Aci~. 
ft. priM requisite for til. · .. paratloa of a1l1uo ac.t •• 

by ... oh~01IItop"'" 1. dulttbeu eat ....... 1 ... volatile at the 

.,. .... t1.. , .... I'.t.. of the cbroutoarephJ 0.,1-.. ft. fn. aatao 

acid. 81'. non""volatl1e, ,.,,!aa very hip _1t1. peiDta 1 ..... latlcm '0 
their low .1D01.cula1' ve:1pta. Ha8k1n& tuho '.etL_at pola~ p:OIlpI,"ltll 

_lett1. a •• titueata could tead to 4n itt.e ... tn their volatility .. 

'!he . ,rob I •• 1. to prepare e.te~8 Wh'eb · w111 at •• hiah .".,.pr •• ~ •• f 
the .I'ivatlvea at , teaper_lure. .itktDthe toleraace of the 11.-14 

pha •• of the co1_. 8iae. canova. 20 M .... :t.ua tecaperature 1e27S·C. 

it .. 14 be d •• u •• ,. · to fttat. cte .. lvatlv •• With boil1q po1l\t ... 11 

"low tilt. t .... r.t ••• 

We, ••• (1959) h •• cletea-.lDeeJ the bolillaa petat •. of 

10 .-!FA .thyl aatao .(tid. b7fracttonal dtlt1118t1oa. The .... 

11sted below top'''''' witb the -ltiDa .. lata or the deCOllPNltioa 

te.,.rat .... of ,he uuester1f1ecl aadno aeUa. 

AIalao AcU. H.vt. Helt1l11 · ,.iIl' hiliaS polat of 
ol.a·utd If-UA.!!!thf1·!·'U 

Glycine 75 
291)OC 106°C 

alaaiM 89 297 87 
yelt_ 117 315 98 
1.uctn8 131 »7 lt4 
'.oleuew 131 284 10' 
proll. lU 222 94 
pIl •• Jul •• lae 16' 284 . '115 
tyrost". 181 222 148 
a.partte 133 284 107 
slut •• e 147 334 121 
IY8ine 146 270 154 

c.o.,.'c-iftl the _ltin, polilt. of the ud.ao ac'''. ttltlt 

the "111DI. potate of the II-D. -thJl •• ~. obtaiaetl by WeJpacI (19"). 



tnj ta"'IHh 10> ,:Ill: of Imch amino 9.i~ 14 
Ofi~O ~ t% Carbowax %0 M 
CoWtml 

Mt< 141",' 1<1111 
A¥;:mo ;,v;: ttl ._. __________ ~e ~li;bL......~. __ })If):;.:. ~!O!. Ii:;!l'il:.;:i",. t:~l_ . .......J'$lIk@1I0,,$._ .••• 1:lE1£1.',1t!$eenJl..'i'_.. • ~l~I\1!;.€l'll:. _____ ~(!ti.!!,!:J!.!! 

Cyst .. itlll 
VIc 1 Ii! 
.Ill . tile 
:r~c, L~UQ in~ 

TAI"d.1!'" 
Glyo;:J.n~ 

1"1('0 Une 
A"I'Mrt iC: 
l'hr,~oninl! 

M~tlli(3nil:llt 

Gl .. l:.;lm1c 
l'henyldanin .. 
Ser:hvt 
Jlrglnio<i' 
Uydroxypro! in", 
Ly&l.ue 
Tyrolline 
LIb, tf,d 1M 
'tl."yptopliJlfi 

121 
117 

<Ill 
ill 
1.31 
75 

115 
1:t3 
11 i) 

149 
l .. 7 
165 
LOS 
174 
131 
146 
1&1 
',' "",' t • . J") 

liM 

• 083 
. 0131$ 
. ~U 
. 07(~ 
. ~n(\ 

.134 

. 067 

.Q'l!) 

.OS4 

. 067 

.. 063 

. 061 
• ,,\:)$ 
• (ISS 
~ Q76 
. 069 
. OS!l 
.. 065 
. 049 

*' neterllli.ned wHb " hy<kog4!n fbI!!\> icmitl:.ation c)et<)cto~ • 

*. :n . *«.26 
1.4,$ L07 
LOO l.()(} 

1.26 1.. 14 
1. 5ii 2. 12 

. 67 .% 
1,(15 L 8!! 
l.!W 1 l\~ "I 

, " ;¢i; 

n 5t~ .63 
l.OIJ> l.ll~ 
1.00 1. .4!o 
2.23 7.3'3 

.33 .tH1 
~ 2f} !V' t .... 

• !If.! 1.)2 
l.t.2 l.1<l 

.71l 3.38 

. (I!$ .4til 

.33 3.14 

.. l)I.!terlllin@o by G.ru!ciwhllllit ..,Uh an Argon ion1ut:lon det.e<::.t.I!<I.". 

2.70 :> -63~'!. 
It).$O 5- 0 
8.90 ~ 

.# -Hl% 
16.60 t; -Ul% 
20.50 " 0 
!i. QO 2 -23% 

16.10 t;.:; 0 ~,' 

13.40 ",' 0 
(i. Til " ... J4rt.. 

15. 30 $ . 71 
1.1. ' 70 5 ~14% 

36. 50 " f'40'l. 
3.5(l :I ., :n. 't 
(,.80 til ~57% 

12.90 ~ 
~ · ~23% 

<to. 60 I) 0 
14 . 20 9 ·54:t 
1.40 (. ,. >¥,95'k. 
().IlO U ·112% 
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321 
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, 
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0 
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I 

II:: 
pro1 eileu « ... 16 ,emet 0 

:E , .glut .tyr , ... aSPA • > - 12 
, hyp I- , « ... , 

... 
,'-ala ~ 

8 I .thr I tryp. , 
, egly .arg 41,' .ser 

I ecys 
.hist 21 , , 

? 4 g a 10 12 
CARBON NUMBER 

Figure 4. The rela.tive molar response of the Flame-Ionization 

Deteotor to the oarbon number of the N-TFA me~l 

amino aoid esters. 
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r.. '!'be AwU.ca t $,&a @'i. ""'iii Chromatography iflin' tili? NtermiMtion of Protein 

( " 

C!!5!$:l.tion 

Th", <:Im1!}"" " ,,:l.tl ';OOlPGfI:l.tiQII of acid ny<i'rCfirlili!Jt;<!<* of ellll!lin . oval-

bumin ilInd insu Un 'Met'e Ge tet"!!Iined by ~:; ~r_..a t~,. )?hy • TIt", amino 

actd cOOlpOsttio!l®if !:nElse vaa f ound to be similar to too c~"'1tiOti 

reported by ot her workers. 

Hiatidine and trypt ophan wrve the oosl; diffic~lty in tun p_ 

t eiu, thE l:'uu:i.u hdns, 1_er than the pl!pHshed values . (,'yst,dile 
\ ', .. " . ..... " ' 

and/or cystine al.l:;0pQsed 1Iil~ &1££icu1l:1f'lit . l'erha l'!! tba~e dlfficulties 

"i:>U 14 be by using S<'>lllia ol;her t}J; i!,y clr<itYl>b .. ~otectf.n, 
.' '.' ". \ ' . , ,. :.".".......... :" .,'. " ,., 

the basiS "cid" <lind tryptophan . A,l ka Une h1d~{}!ys is mi$ht. b~pll:'<!feubl", 

i n this respect . 

I f might he .. dvis""~Q to reclue& "';,!,lOtin", 1;4) ':1$l:e1t1'" u itb a l\'ElOue-

b g agent. Sueh a methoo IOU U6"'& l!u<:..::essfu~~l by Cru1cbp~nk (l964). 

From the 1!ni4<;! .esttmat.i0I16 of af6;llw aei# •. 7~uit,.icn peri'©l'med em 

protein h:rdr"lrltatM lil'l<l the a~OIe;aellt . !l.~ie"ed in. _ .stl'!ase.s w,i ch fUb-

Ushea 'Yllilues . chi:'_t0&rlilphy ~y fl91;:l "'Qil.s~'4leli' .. l>te .. pr~tse fllW thl1l ,.', '.. '. '::". '. " "' .. ":".',,". '\ "" "', :.;, : ........ '" ........ ." ...... ,"., 

futm:e in the det,,"'!I§mal:~!'M of "~te.~n .. "~!il ~.!:iM .• 

Puna!!,s the 1ltl!~ratj,ClI\ of dip>eptiM))I .tll! ~r1;ial hydl;'ol),Slltll6 

ducribed by ..,e;r~a~d (1960) is furtbe:- e;itplcr~ .. ~s chrD!lllltojraphy could 

be_ an imtd.W!lhb tool for the determWt~!:$"of . lfm1no <lcie c~<l it1on 

and sequence . 



SICTtON IX 

APPENDIX* 

1. Calculation of Retention Values 

118. 

In c:.aleu1.ti". the retention values of amino acid derivative. 

there are ""Y variabl •• t wb1ch8hould be kept coastant. The flow 

rate of carrier gas can be e1:111.1nated •• a variable by ua1na retention 

volUlles wbieh reprea8ntthe voluae of gas required to elute the _100 .c~d. 

This isapres.ed by the fonula Va. =- talc, where Va -= ... tent1on 

voll8e t tIt = retention ti •• and Fe = voluaetri¢ flow rate of tbe 

carrle-r sas. This calc:ulation i8 only n.c .... ry when tbe sa. flow 

chan,e. durin. a separatioll ot when eomparing coluamB with different 

flow rat ••• 

To de.cribe the sequential order of aaino acids Oft • coluan, 

relative retentions are u •• d. These are t:etentioD voluaes ex~.8.ed 

relative to the retention volume of a standard compollent or 'urker'to 

tn this experi_nt the aspartic acid derivative va. chosen _ince it 

.ppeal'8 ·aeal'ly halfway alool all cbrouto·lrapb.s, and Is •• a11, 

separated and identified with 110 interference frOll other .. 1no 

actd derivative. and ia constantly coaat.tentfr. coltam to col~ •. 

'. The relative retentloGa af aiaoaQide relative to .spartic acid 

18 expr •••• d as rl7:2 ., ~ =- tIttle where VRl == retention vol .. of the 
V~2 tB,2fc 

amino acid and VR2 == retention vol ... of aspaJ:'ttc acid. Since the 

carrier 8as flow remains conatantthrouahout a normal .e~-.:.t~c)Q it 

wl11 caneel out of the above equation. Therefo.r. only ther.latiY. 

retention times are required to de.cribe a separation. 

When the corulitloaa of chromatography are (.:On.tant. i.e. c:olU11Q 

*E. Bayer, Gas Cbromatosrapby, Elsevier Publ. Co. t Amsterda. (1961). 
8.Oal Koaar •• 114 R.S. Juvet. Ga •• L1quid ,CbrOllatoat.phy, laterscince . 

Publ., Mew York (1962). 

WJ~~~ 
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';L;.~o:""):,,;,,,;;{; ~\-:>'",~,0-~ s.';;~':i,"";-l,;<.\~"";' .. ",,:~~ .... /,_~,;O.c>'-,c,;~:..~, :~':":'2_"_"~ '-'c"< :_: ~'.'!-~'" '-:';;'/:--';::-{_'-Y" __ ~':'~'" ';'1:-:;'__ />;,:;v_ ,o,,,~»~. ".;.:~.,,: ,; __ :,;.,- , .-" ''""-.''':~:.;''_'=' -;_~,,;,;,,,_,' 

• , :2 5,P}.ii~.!.~_n9 between ret!!El- HIMel 
SUI!! of f'eali: 1011<$1:1>". 

'Thll peak ",idtlls are ell tc:ul .. t.,<i fro!ll the recording curt in 

1'211_1:08 . If 1:1",., resolution approaches sero it is dU'f;!.cult to /le-

para!:" a pa 1r @f ,,11111.1.0 "cJ.ds. The l:ii~er tn" ',,,due for rue luti_ 

120 • 

the better the separation of two particular amno acids. !he l'eoolu-

t10n can often be improve~ by increasi~ the column efficiency . 

Column efficiency i s measured by toe n~r of tbeoretical 

plates, A theor etical pbte 13 a. atep at vhieh p<Jrfeet equilibration 

of the solute lrI .. tveen the _bile and Uquid pnaHs is established. 

the ~eater the number of theoretical plates (n) the better the se­

paut:t on . 'l'imll n : 16 iret:!,nt ion t:i: ... )2 giViHi the number of tlHIO­
petlic width 

reti.;."l p lat"" requ1red 1:,,1: tb" .. "p"r .. t 1_ of Ii particula .. ,,!Sino a<>id 

der ivative < 

In ps ehrmootogl'<lp!lY pet'feet equUih:l?:!."m between tile gas lIIud 

liqUid phase cannot be aehieved. Only the height of Ii <::010_ that 

wH l give a $eparatioll e quivalent to one t:ne<:>!:etieal plate can be 

calculated. luia quantity is ter_d the hei~t eql.livahmt to _e 

theontical platol {i. lI. HE:!'!') and is caleulat<l1<'! thus; UTi' = LIn 

wnet'''' L is th<'l aifeeti,l'(! l')!lgtk of the ehr_t:<>grap!ui: c@lulltl!l . the 

sW61 1er HElP the better is the separation. The uumber of theoretical 

plates can be increased inet'easing the len~th of a colu~, 

Calculation!! of th", numl>e'r of theoretical piates lind HE'tP are 

ul!ed in cO\'IIparias the effici ency of different columns. ¥bile resolution 

i$ used in co~rlllli1 the sltparaUon of t~ ll!~ add" on differnl: 

.:v1 ... s. 

"-'.:"';'7.~: 
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