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The Determination of Amino-«cids with NinhyUrin
Hy E. W. YKMM amt> K 4 <U Kiiv.

Thre«*w*FtrK nrtIMKI far tiw dHvrnuMtKNi  «Bua>»-M id» Imiwil e« thr
fMithis «iti» ninhTdrut (m* hm eyvteOKAiirAUv rumiard It (m*«
fn«ad pMMfalv t<<ubtMM a ifamhwii— tnr mM-tM lur must miMorvarid* <ntli a

virU €4 dAftofcydnityhrt—tdilntiAy~adamw <In> pv*absMr
fI*-pt«MtMrl of tbr bv ¢ Mpnplv |m¥:«ddw n
aadyw .

Thli |Mirp)r rolour fcmrd by tlir wwHbw at amino-* Hi» ui arwi «4uliict with 1Ufiliinkw
unkrtnhydmdmr hvdrate) » altr*wtMI| to thr «maa of (falMc*i*-dniMHIhImOikrto
hvilnnilMninf (I)YUA).*>* Il tm * tbsi th™ tam Mvp tn thr rrs« tmn = thr osidfttrvr
<Ir-Mw<ulm o4 thr MMKHwid vitJi thr luwatioB cl ammtmtMand tbr mturtn A odumhvtinn
ihydrmdanim.  TW aiiwwMMB tbm rundrMrt with thr hvtinmlAntin to lonn I>YUA*>*-*
A* rnmtK* pntntrd out by Troll and Cmum *tba whmr m rnnilft w«h tbr Urt tbM
avvWiKia kflnm» UYI1>A with nmhvilnn onlv n thr prramrr a( » n%m-mg afnit cspihAr of
fifodurmf hv«tnDdantiA. It m homrvn. larcMMtml wrth tbr Ijrt (hat Moamomm rvart*
mnrr «la«rty and Itm complrtrlv than do anuno-M-ida uimVt tbr «unr cooditinm. It »
ihfTrfurv conchMfed that thr dr>ainifuttun and ctMwkmatian arr nmpled mi tumr way.

Hoorr and Sinn* drvrhiprd thr rmciion a* a funvrmmt phutcxnrtnr mrtbod thr
<irtrnnautinn of ammoaridf- TTir* 0"Mtned <nmistrRf «nd rrevTMturiblr rr«ift« b> the
mtrodortinn al a rwlucim a ("1 into tbr f>*strm to prrwnt thr ouiation  thr hv<tnnJaaim
Inrmrd a* a muh ef oxidativr dr-amtnation. Thr mrtbod wat tnrtbrr iMiibbrd by Smth
and Afua*: but in both mrtbod* thr rrartmn ol diffrmit aromo-vid» with mnh>'dnn did
not Kivr a quantitativr yiHd of DVIM. to that «tamtardaatian wa* rrquim| for inrtiviiteai
«m«o-arid».  Srrkinc an rxpUiutMn for thr apfiftrmt lack of atoirhnntnrtry of the r«*ctian.
Trad and C”nnan* mooKbt condition* gndrr « Wb tlw ntr «f Inrntion ol DYUA waa
incrraird rrUtivr to it» ratr of dr»tnictiun. Ontamr tolvmis wvn> kmnd to accrlrrair tk»
eIrvHopromt of cotour to varytUK dripvrs. and uftimatclv an M prr rmt. loIntM of pfecMI
U vatrr, buflcrrd at pH 5 with pyndinr. wai adoptnl ¢ tbr moM rénrtiirc tohrcnc. A
AJution of poUMiiim cyanidr waa employed aa thr rrducinn aRMt ratbrr thaa tbr Ina elabb
>jannoiH chlandr. The coacloHna ol Moan and Strm* tW pH 5 waa optimal for raactntt
wa«confinnrd. ABamino-acids tcatrd. rxcrpt tryptophan and tyiinr. ipavrcnloun cgatvalrM
to Vtto 10S prr cmt. of that o( ptarr UYDA in tbr i>unr solvent.  TroU and Cannan lonnd.
tunhrrmorr. that the abaurptioa ~xrtra of the rolow* obtained from amwo-arida in thrir
prorednre wrrc identical with that of DYDA.

For roQtinr analyiia thi* modifted pToceduf» baa arvrral diwlvanl®ies: it ia difbcnh
to control thr pH accurately, bi((h water Uanks may be obtained and it involwa tbr rxtcnavv
u«e of a pyricune « phenol aohrmt. It baa been foitnd pnauble to retam tbe ndvantaite of
thrlq_qantitativr rcnction of*TroU and Cannan* bv a Mnilr procedure nutablr for routtnr
analyiia.

f amti&ewv



MtnoD
Maibuis—
CtBmtm, fiilwytM f»ve « dav wbsn inu«d wllh
Ml «f ««tar Mid « fttat or fMfHivc fMnnddt tcti with M par cmt. poUMMSs

To «m«» a tow Uaak nadiiig in tkt pbotonctrk pfoctduw the ninhydm
riMSU W H it yiikm frith « 9«niA tiat Mid coafiMdy odoffaM. It ihoald dMohre
leeelhylfIBpwe tegiveaclw MgMydtow <e M oii:Hit does not meet tbeee specificatioee.
Il MMk riilyMaiiiH ii iwdit to the Methwi o( HMnilto* and Ortia.*

nttmmm rymmi* AaakK rcafctM m by The Britirii Dni( Hocmc* Ltd
DM hd MUr—Tiwl al dirtilid water with Punrattt to remo»r traces of ammoiua.
Amimt trih  For itaadM"iiMtkM Mr ejmtbetic produrts ae Ur aa poiable; recrystalliee
al aaiia»«drii at kaai once aad dry over cooccntrmted mlpbanr add m vmmc for « boora
bolMo «t. Frapaffv ilock. lohrtioa (S x Vt* Af) in 0-1 > Uydrorhhrk ackl and store m
tWeeld witha #ltirtiiy*ijiopmwllieiiplfrt*rtb. prepare itaodirdiotiitMu
hsr « M mi wtthcMraleMhr. pH ¢

Rbaokvi*

C M i kaim. M)-O Mve ai*00t| of citric acid. QiVVHp. » SODOml ol
dMM VMM.aM M mld aediMi hy d » » tttota to M ai; ilore is the c«U
wMia lltk thjTML

A«Mm» iyamdt. M | M—Diaghw ¢ ‘lillf «I pnIniiMii ryaaide m diniUed water
aai diMa Idi h flaMe for al ImM S Mitha at room temperatore.

M hmm eyeridr-awJlyl CdUwlwselaliieo—UihrteSmI of «O|l tf piitiwiMi cvaoide
tolMailwM k Medkjrl frfbiiih>r. TUi eohrtin i» itabtr for at kwt 1 mosth at room

) lidhia  I>wiMea«pMCTrt. w/»aolatioo of iwhytwB
CdhMlaa. TM» laleli* It HaMt lor at Imai « month* at foom temptwtmo.
w6A .ae*|< Ito Mml of the methyl
CdkHloa « mhihjiirti mkitim «ilh M m | oC th> jmiamimm cyanide - methyl CoOoiolve
mMm. Tha NiriMiii aiM ia ii «i Ini fad. h«l m i ht€imm yeSow. It ihoold ba
*eweli™ hdwa we to « *w Imr Mm* r*diil» Mid ia stable lor at hmt | week

hipl Ii a MiffMtd iaA ai raoai t—pwifw.

xpMImMrte indicatad that to mmut tow blank reading it wae neccmwy
ta taha piacaadoM ifaiMI rnatiminitinn of all eohitioQft by Mumonia. agperiaHy the pH ft
hiiiw M iti— TW bhiak valoe at a vohw* of S'? ml. read a(aiaet watar. ibould nut ba
0m ~ thaa aa optical doHity of IS, if rrliablr reeolts are to be obtained.

PapCSMIM POB UKTVCHIMIM. AWIMVAaiJa—

MaiM mlol dtrale bofkr. pH f If), with i ml of an amiro ecid sohitioQ containing

M» to Mm ~ aitn««i. Add to thi* either M mi of the methyl CeUaeoHe.
~bTwA lihilHpMn M Btln aad | ml of the potaarimn cyanide >methyl CcOoMive whitioa or |-t ml
of tha potaMtaa cyaaide « methyl Celoioiw ¢ nmhydrin Mintioa. Heat the weD mixed
nliliMi lor It at IMMC. and cool for Aminte« in nmntfAi tap water. Make op
the tolatioa to a convenient volame with ethanol, ihake weD. and determine the optical
a I<m glaM cell, on a Unicam mpectrophotometer SPSOO at 570 m” for al

Detennine proliae and hy”“boxypeoliae at 440m. Aa E.E.L. portable

B (Evmm Etertroeelenimn Ltd.ilwnh Na DM fBbta and ydlow Aher Na 8%
<maiiH«n traaaniHioa at a wavekagth of 570 mft) ia eqoally satisfactory and mnrh more
sirftafcl* far rootint work jnvohrinc aMasnrements on a larp tramber of tobee. ProUae
~hy ik o tMpiulMi -are drtemrined with violet filter No. tt] (maxiBntm trananimion at
4i 9a"%. _ Road al tabas tgeinit bIM*awlafaing M ml of citrate bnffer, pH 5 (02 .V).
aad I'tail of the potachan cyMMe>methyl Ceacenlve - ninhydrin aolation subjected to
the Mae procodate as above.” [¥elimiBary experiments indicated that the heating time



Marefc. 19U] axinoacids with ntnnvunistil

was ciitkal and that moat amino-acida had reacted fully after heatitv( at 100* C lor
10 W*—  Fwthemore. the boibng point of the water - methyl CcUoaolve mixtnre it
greater than 100"C; uiing tubes stoppered with a Ktaan fnart>Ir. evaporatioa faw kwes
durifv the heating period that were negUgible. The colour waa atabfe at room temperature
for at kut 3 hours before ethanol waa added and for at kast 1 hour after it* addition.

Isolation Or pvu DYDA

DVDA was isohted. as its sodiom salt, from aqueous sohition by the method of Mootv
.0ld Steio.* For analysis 00 mg of the sodium salt was recrystaOised from 15 ml of a water
N-propanol mixture (I - 1). TV crystab werv dried over roncentrated sulphuric acid m
r«me for 48 Itoars, and the mithmoUr extinction coefficient at STOraft was determined
in the same solvent mixture as empbn’ed in the procedure <lescribfd above. It wasfoimd
to be 11*A and is in agreement with that found by Troll and Cannan* for the sodium salt ol
DYDA m a sohition of pyridine, phenol and eth”ol: and. a» alv- ftwnd hv Trull and
(.amuui. the ahso”ion spectrum of the sodium salt was identical with that uf the un-
fractionateii reartion mixtwe obtained fmm amino-acids m the ninhydrin analysis.

Results

For each of the amino”ids various amount* cantauiing from about 0™ to 6-0/ of
4mino nitrogen were examined by the above prucedure. The standard curves determined
bv uMd an E.E.L. colorimeter for amino>acids in the nmrrntration range to 2-8/ig ol
amino nitrogen arc shown in Fig. 1. The individual readings were repmducihle to within
I per cent, of the mean of four determmations for all amino>aridb studied, trom optical
(JeMty «TTi——m ** on the spectn”*>hotometer the miUimoUr fxtmctkm coHhcient of the
fraction mixture, at A70 m”~. was calrubted in each case, and since that of the soilium salt
uf DYDA was kwiwn the percaitage yield of US*DA could be determineil The results an
Yummariaed in Table 1.

TAMJL |
Extimctson cocrriaiNTs a»d estimateu yiklm o» DYDA a. o
YmU<iIDY1>A.
%
tl-t 100
Arfiaia* .. St-4
Aipartx Ktd S« too
Ail*rm«ine »T
Cyrttnc »eml tM
(%/atlw .. §| . 100
GtaUBuc tad -« hoo
QJatamiM 21t 10
rtyCIar Sl-«
HNnUdiiM.. 11-S o
l.raciiw, .. R
ualLmciot si-a L/IVI
t.ymne S34 l«a
ImbwrnoK Xl-« 1w
) S|4 «s
TameiD* Sl4 1S*
I1SHI SS
L Si-4
ntrfiflalsiurvt (48
Tjrruiiae .. 5>
Affiinuaw 71

It was found that all the amino-acids studied gave coloars equivalent to 100 + | per
‘<t of that of pure DVDA except t>Tosine and phenylalanine (W per cent.), tryptophan
VI per cent.) and lysine (106 per cent.)). Ammonia reacted to yieVi a colour e«Juivaient
iii only 33 per cent, of that of pure DYDA. Thisvalue forammonia is, however, approximate
«iod varies somewhat from one batch of reagent to another. Kroline and hydroxyproHne
react with ninhydiw in an entirely different way; de-aminatioa does not occur, no DYDA
Mproduced, reducing agenu are without influence and the imino-acid residue that results



Inn dKtfbonktiaa com kM dinctly with Uk niahydriii to
tinwlhilMi tiw«*—* metIMd caa be UMd for their cctimatian. althooKh the opCiral
*Mv only sbtMt oae-lowth ol tb«e obtuncd wHh equtniohr »ol«tions of ammo”Kids.

Al

m04. c7«Me teid.

kiMIdM*, Inuac. uelreciee.

DnCtMIOM O* UiVIT*

It Mdear torn tW m«lt» ibovn that a ftotcheiofnetnr rc*rtwn ucnirs f(ir nwnt of thr
ilvdlid. with a gMatfUtivr y«|d of D\'DA. The Urn yield with try-plophan
e lo b« especta*. mmt llw dH inr rrarmm m in th» cate 4. anil the hifh >iekl Un
lyriw i»mthM f hwmht abovt by ~ partial rcartion of the trnntnal amioo «nwp. Thr
yWi al DYDA rai tymine aad pkcnyUlaniiie m targety drpendcot on the reUtive pro-
poitiMi of wat« to Mthjrl fdheelve. far it to foand that the rcactkn ia aknoat compietr
wtmm tkf rdativt nnpartMNi at water to metbyt CcOaaolvr m mcreaaed fram | to 1:<M
The ywldi with tw procedure dwrntwd are howrvrr quite reproducible. Ihe results for
cyttim mdkate that <My tttit hail «I the amino K”~pe react. it leetm prob«” that div
rwta Mid that the oth« i§ pr«l«cted ty cychsatioa. Cysleiite ia known to be the onlv
mmiiM tnd that dm wM form DYDA. mm it a vpUow product MmiUr to that ipven h\
prowM » obUiMd.*>* CvBtek acid on the other WkI reacts iwirmaUy. .
The procaJwf diarfrftwl afaow (ms aevrrai advantafn over that <f Moore and Stein.’
Thr more caaipkic reactiaa ghfw pvater leniitivity and highly reproducible reaolts, whibt
Ihe bwer menttvityr to ammonia laath to mailer and more consistent blanks. ~Moreover a
Aocter aad less critical heating period ift required. There ia also a considerable econoov
of MBhydhn, lot ooly aboat one-haU of the quantity is repaired compared with that used in
Iha method of Maorc aad Stem, and furthermore the method avoids the campbration »(
having to store taducad ninhyifain under nitrogen.

AmJCATIOM TO PaOTEIK KYDnNOLYMTXS
Tha procedure described waa devrioped for the estimation of the amino>acids of protem

hytMysatas separated chromatogranhically em iee«change iciiii cohtmns by alotion with
buses O#progreeiifely inaaamg pH, aa in the method o< Moore and Stein.” ~ One-miBititre



frictiom of cflocnt w«re obtained in optically matched tuba by u«ng a c™actty-chuife
drop coontcr. Each fracttoo «a» trcaiwd with nl ol citnte bufler, pH A to
whkh S todtuin hydroxide had been added lo that the hnal pH of the treated fraction waa
6. TImb I'S ml of the potaMani cyanide'methyl Oiloaohne-nMiydrinaototion wvrraddrd
a»in the standard procedure. The tnbeawrre wi” ihaken and heated in nck» of twpntyHhre
at 100* C (or 16 raintitt». They were cooM in running tap water for 5 misQtes. 3 ml of
ethanol were added, the tabes were shaken and the colow intensity was read direcrtly in an
E.E.L. colarteMter, a No. 626 fiher being uwd. In view of the Um »l«arption of DYDA
at 4¥> it hat hM lound posstUe to estimate proUoe when mtxed with small gnantitm
of odMr amino*adds This is readily achieved on an E.E.L. cotorimeter. No. ttl and 6M
fiHcn b«Mif mad.  No interierence was noted from ~Kcial chemicab soch as bmiyl alcohol.
ihiodi(lycM and ethylenediaminetetra*acetic acid idded to the columns to improve lhev
perfomance. The ct«n|>lete reaction makea pomMe the more accurate calrulatton of thr
amoont oif an amino”cid pment when one peak is incompletely *(«! frrm another,
moreover, thr low yield mNn ammonia ensttres lowfr and more consistent btoiik rradin||».
that making paeaibie the more exact determination of the amount of an anuno”id preimt
imder any partkoiar peak. With the above procedure it ha» been found pomibh by nsinir
lomatk pipettes to analyse 100 sampM in about | boors.
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App*dl*
A CAPACIn-CHANGE DROP COUNTER
By K. E. Ricutts

A MMVIV ooastracted aad whsbif capanty'chaag* drop couatar m dcacnhad. Fractioas <{ | to
Am! may be aatomaticatty ooUet-ted. and awawirMMata omd« over a penod at sevrral mancti*
uidkala an accamcy of dsbvary better thaa + | per cant.

ft «aa loaad ascMary to coUact a large aaaiber of fractions of rtaate from nMa cdwaM
empkiyad for the fiattkmatioa of protcia hydrolymtea. The egaipOHot aied «as dsHgaed to
*>fivha» ia conjaaction with a chroawta(raphic tate.* a set aaaber of drops belag cnaated into
<*ch iwt tabe.

la view of tha poesjbiHty of b««Bk«MvB of —e>sbir aohitiDaa owaif to electrical (watart.
It dacfafad to «sa a capocityoperalad antlch. To gaanl BpuaBt fetlaw of vthtm «r uUwr
ccxBpoesets. t«o chaaaele operating wauiltaweoaaly «f«i« vsed. with ""Met cheaaul™ batto— to
enatafa ~ operator to chack. perindicaBy. each rheaael *epnratdy.

Tke ciRMit dMgrua of tbr apparatvs is abowa ta Fig. t. VaKw V, mkl V, at* coaiwrted
u < Hartley oedBator whoee feedback depeadk cm the ratii> ol C, aad Cf ffadio tnijwry
voHaga from the oectOator ie epphed thnmgh C, to dke thyrmtmaa. V, aad TUe «iplity voltanr
totlw oecillatarisarraaged to ~ IW*oatofphaee with thatapplied to the tbytatrowa. cxmeeqeewtH
‘cctlAcetioa oocan at the gnds of the thyratnMM e» chaffing C, aegstiwely. thae bMaing thr





