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Abstract:

A study was made of the percrystallization of cystine and tyrosine from a wool hydrolysate across a
cellophane membrane in the presence of inorganic salts. The percentage -of these two acids passing
through the membrane was calculated.
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BE -1
AE%‘I?RAG’ZE:

A sbudy was made of the pererysballization of cysbine and
- Eyrosine Trom & wool hydrolysabe across a ¢ollophéne nembrang in
wthe presence of inorganie wsalig. The percentage of thess twoe:
aplds passing through the membrane. was ealculabed. s
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INTRODUCTION R
Kober (7] neoted that 1f one enclosed a 1iqu1d iﬁ a eollo»

f;dien bag and suspendsd sueh & bag over o flame oF eleetwlc

’heaﬁer, evapeva%ion toak,plac@ 50 raplély that it Waa vmrtually

impossible bto ﬁaxse the 1iguid to the baiixn%>§ginﬁ. Hvapo«

ration takes place on all surfaces, as though a ball of waber

‘was suspended in air without o gonbaining membratie; charfasa

sighated this phenomenon pervaporation, Disbtillation by this

- means 1s called persbtillation and may be carried out Ey g

pending bthe collodion bag in a edi&:battle'ana heating the

1iguid inside tﬁe bag“elecﬁviaglly'wr‘wiﬁh,stéam; If the liguid -

containeg & s@lﬁﬁé@“ﬁh@fsaiuﬁe7will &iffﬁse:ﬁﬁr@ugh-%ﬁéfmambﬁane

with the liguid and remain on thé‘aﬂrfacélgf'ﬁha bag”iﬁiééﬁstal

form, ~The teri for this phehomshon is percrystallizablon.

Kober found thab abiloids do nbﬁ‘diffuéa-thﬁpugh the menbrans
and suggested ﬁhat}eﬁystallaids eould be seyapaﬁé&yfrém 401l om

idal contaminates by @ergrystallizah;pn@ He succeseded in

_erystallizing hisbldine on'bhe surface of a gollodion bag cone

taining a prebein dlgestion residune in strong hyﬁraahlaﬁié aéidﬁl

Cellophane aaslngs were used in place of eollodion by

‘-Farber {3) %o concentrate very ailube protain solubions wit th

the simulbanepua vemoval of salts by'pevvapowatiOﬂ &nﬁ»p@@w

VTevysﬁallizétimng He hastenea pawvapefaﬁlan by use. mf an elecw

tric: fan rather than heating the bag. Gortner () suggeshs

that aelloyhane is prefarabla Ho collodion membranéd f@r p@rw




" yaporabing. Holmes (6) briefly autllnas pervaporation meﬁhads
_and thélr uses. Paulm Gulmara¢s da Fonsecs (5Y discussed pébe
vaporation apparabis’ aﬁé Qpefaﬁian$u .

' . @hat “the method hag bean genﬁfally QVQrTQQKed.ls cieaﬁly
'lllusﬁrated by tb@ fagt that the above méhtioned warkers are
hhe only ones 115&6& “in' the 11 sraturd as ‘having ase& germ Do
"vaporation methodss ' Co 4; 

| The posslbilivy of qualﬂtiative ‘and quanﬁztativa $eparw
ation of amino acids frem.a prcﬁein digesﬁlan.resléns by'gerﬁ
~erys%a11ization oﬂ,a>ceilqphan&‘gasmmg-was exploreds.’ &:gﬂr@
tion of tha‘prbﬁeih dlgest obtbained from the hyd@ééhlbrié'aai&'
‘hyﬁfalysia'of aaSein;_ané‘$ghsaguenﬁly-parﬁially aeuﬁraiizeﬂ=
with sodium hydroxide, was placed in a eellépﬁaﬁelsasinggg‘ﬁfﬁ@r‘
. three days an endrustation wag ebserved on the's&rfaeéiéf,ﬁha

- caginge Mlcrascapic anaﬁyais revegled the presence of sodinm
Cehloride in ‘lavge quamxiﬁieﬁq_ Small smounbs of ¢ysbine and
‘byrosine in crystalline férm-weﬁé.obSQrkedfalae§~ . f'

"4 protein digest fres of imorganic salts was prepared by
adding bariam‘hydraxidé-tm'sgifﬁrie ﬁeid:hydﬁéiyzééiaaséiﬁg ¢: :
with subsequent Filtration bo remove the barium ﬁulfiteﬁ; %heh
the golubion was rree of barium and sulfate ions, 1t wag ul&aad
in callsphama eas&n@so- Vo avystajlization took pia@e ot “She
' smrface, even‘when.haat was applisde

ﬁellc&ian bags in tha shape of’ hen ineh Lot ﬁu%sg Were
filled with the same protein digest salutimn¢ Agaﬂng-aayaﬂystalg
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1izabion régulted, even with hedt applied,

Thus it was evident bthat amino acids and perhapS'all'oﬁhér
. organic eompb&nd&'ﬁill'not pasS‘through cellophane or oollodion
membranes by percrystallization methods in the absence of ‘dne
organic salts. Therefeéeﬁlit was décided to 1imit bhe.resenrch
to the distribution of cysbine and tyrosine aaﬁoas‘aléélldphana
membrane from a proteln hydeclysabe containing inorganic salis.
The experimental wcrk’ia'dividad into two partse PartJE covers
the mEasﬁwement of the amount of ecystine and tyﬁééﬁﬂe pessing
'ﬁhrough ¢ellophane msmbﬁgneﬁ‘fﬁom:ﬁratﬁin h&drolyséﬁas Gonw “
taining ammnniam sulfabe, emmonium chloride, and sodium éhloride
respectivelys, Part II describes the méasurem@nt of cyétine'and
tyrosine ﬁassiﬁg‘fvomnpure solubions of these adids‘iﬁ:ﬁhé”praﬁ :
sence of the aﬁwve liﬁted.saltsﬂ atbempts Yo percrystallize
solutions of amino acild salts; and @xperiments with.c@ligdion

membraness
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. EXPERIMENTAL PARY I
PRE?AE&TIGN o, {’P OTRIN . mﬁﬁﬁ}‘;{"ﬁﬁi’a@&
' WE‘“‘E&’@D& R I
A twelve 1iﬁ6” round«botton flask was, filﬁed wiﬁh alceh@lu

sxbracked wool and §ix l}bﬁ%&':ﬁfwé:ﬁ Egmﬁ% wore added, The. sols
‘ublon was digested fow~aarhéav$ over .a low. flams., Tha hﬁa@k
1salutian ebtained waa deaolorzgeﬁ by boiling it Ffor: twc hmu?s4
8 wiﬂh m@rmt decolorizing. ea@ban§ then socled and ﬁuﬂﬁiﬁﬂ_fll”_:w
' %grgdn, Th@:ﬁrﬁaﬁmgnﬁ-§g$yﬁ@@&%ﬁ%ﬁuﬁhﬁeﬁ¢?lm@ﬁ@,@ﬁ@#@ﬁiﬁg:a“
negﬁly golorless s@luﬁi@pg.:ﬁ;nagaﬁi?exﬁiuﬁaﬁ‘taaﬁ~pﬁéﬁéérthaﬁ
’she yroteinhad_;bg%n gempleﬁalg-bx_?g%@n down &0 aming-aaié,sq
The solution was neubralized B Oongo Red by.the adéiﬁi&ﬁﬂﬁf
6N W) OH. A smallﬁqngnﬁi@y‘?ﬁ.éﬁxﬁgﬁﬁﬁivés,thagaaﬂdséfﬁéayﬁeﬁn~
vent the erystallization ol eysting and ﬁgrasiae,.ﬁhiah»acaura
&t a pH of .3 ko 5, the end polnt of Congo Red. . |
| A hydnochloric acid. digested caselin regldue was.prepared
bﬁ the method deseribed abovey asing‘ﬁﬁ‘ﬁéihiﬂfpia@a Qﬁ“ﬁgﬁﬁka
When 4 clear. solq@ian was obtained and had given & neganmve ‘
f@iureb Best, it was:divléed;igﬁa bwo. portions, @na,@f wnmq@ Was
' congiderably larger than bthe obthers The larger portion way
neutralized to Gonpgo Red by the, g@éitimy,mf;éﬁfﬁﬁh@ﬁQXPEhﬁc
smaller portion wag neutralized by 6 NaoH. Again to prévent
the crystallizstion of eystine and Byrosine, = smﬁil}qﬁanﬁiﬁy

of HOE1l was added.
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?LHGRYEEQ&&IZATI@N ANE ﬁ@hﬁEﬂTIQN op ﬂﬁﬂﬁﬁﬁTATiﬂﬁ
. Two hundred milliliter portions of the (ﬂHA}ZS@A” ﬁﬁhﬁlg

.and Na@l cmnta1n¢ng hydrolyaahes were placed in cellaphan@

fcasmngﬂ which were left hanging in air at room bemp@wature For

L8 hours, The illustrations on Ghe Ffollewing pages show the

 déve1opment\oftenc%usta%ién ab various sbages., The casing on

thé left in figure 1 was ﬁh@tagraﬁhsd at six hours, ﬁo:ﬁérﬁ

: erystallization ean bevubs@rﬁed at this sbage, Ehﬁ_éasiﬁg at
._tha right in figavé\l shows the encrustatlon deveiapé& at 2l

hours. Both of these casings contain the (Nﬂh}ggehrg&kaﬁioﬁq
- Figure 2 shows the;de?elopme;t of anargstatiag éﬁ”la hours on

~a easing containing 100 ml, of Nﬂhgl splution. Gbsgﬁve‘tﬁaﬁ

as water pervaporates and the volume decreases, rererysbtale
lization proceeds from the top downward following the liguid
level, A point 1s reached when the volume is reducéd approx-

imately by one half and the liquid becomes viscous. At this

point percrystallization begins for some G%SGuré.reaéonﬁa§=ﬁha

| bobbom; From this time on, the volume Gecreases vé?ﬁ~1iﬁ%1@y

and pgfcrysﬁaliiza%imn procesds uniformly throughoub the . sup-
face area of the 1iquid¢.

Two caﬁings dontaining the Nﬂh 28@& solubion awe shawn

'in figure 3. The casing on the right is at the 2& hour stage

and tﬁe.casiag at the left is ab the 48 hour stage of devglopw

‘ment, It may be observed that there is 1ittle difference in

ﬁhe'development.of encrustation on the two casings, although
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the I8 hour crust ig thicker through. the middle..

Pigure l is a cloge=up of the. 48 hour erushs uﬁbsarvé
that the outer 1ayerﬂéfqorusﬁuis évéakéd?.tThis-was ciused. .
probably by the. pressure exeried from the. inside wherve further.
pererystallization was taking pl&cﬁa After L8 hours ne ‘
fuxther perarystall;zaticn,willItake place unless the drust is
removed, in which c¢ase a $ma11vquanhity“af‘ne& erusbation
forms. The ﬁn@ruata%ian meagures aboul seven mm@vaﬁ ﬁhé MK,

irmum point of thickness,.










figure 3
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_ ”hﬁ snerustation was collected by'placing a 1avgé dlean
?ipi@ee of papam unaew the ca51ng and.scrapzng the avystals off
;E?With a spabulse The emeﬁusﬁaﬁimn avound the liquiﬁ emlumn

‘~j was sasily detached from the casing as it came of'f Qleaniy in.

1a?ge-ahnnk$ﬁ Abéve thﬁ liguid e¢olunmn tha casinm Wﬁﬁ;ﬁﬂl&d
and the enernsbation adhgred t@ the wembrane and had to be
seraped off« After ‘211 of &the encrustaﬁlon.haﬂ been scvapaé
of Il ﬁhe caging an&'plaead in ¢ beakamy the easiﬁg.was punes=
tured and the 1iguld drained inbo a besker. The easing:wa5
'then.eu% open and the ana?ustatlen‘was scraped from uha innew
surface, Large ocrysbals of inorganie salbs were fmrmed an the
inglide. ‘ ‘
.' The cutslde enarustati@n pag saved for measuremant of
:cyatlne and tyrosins soptent by methods to be aescr;baéu o
:fuvkhev uge was found f@? the liguid and eneruqtatien fram
wfthe ineide, ss bthe total eoncentration of aysﬁlne an@ tyro*

i slna in bthe caging was measured before hands.
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Qﬁamﬂfwamzﬁg VETHODS

Golorimetrla bestd fnv cystive and - uyroﬂiﬁe were se?esﬁe&

.]on the basis of - shaxr aéap%ability to uss in the spse%fcgaataa-
';.mgyevﬁ Poyodals. adapﬁzan of ‘the Flewing reaatzoa iy waa

. chosen for the amalygis of eystiney One milliliter @f cysﬁine.
.%.contamning solublon or one gram of cystine aentain;ng sa?md
':is placed in a gra&uated cviinﬁem with 50 mge aﬁ ﬁlﬁg éust
,'aadrﬁﬁ mlp‘@f‘lﬁiﬁgl& Beven and one-half nile @f dmmsﬁhyiagw

' ﬁhéhyiéne"diamine @ydpcahlori&e reagent followed by ﬂﬁ_ml@ af‘
~:fépric alum are ad&eé,imme&iateiyn The solubion is-d@lu%gd'

ko 2% ml., stoppered, and read after 12 hours against &
; standard prepared in the same way. Oystine 18 reduced by zine

in HCL and the vesulbting cysteline is warmed with dimﬁ%ﬁy@yp@‘

phenylene diamine hydroghloriie in the presence of ferric ions

 and a blue c@lDP'dﬁV@iQ@ﬁvn

Por the analysis of tyrosine Zuwerkalow's mﬁﬁifleahien of

'hhe.ﬁlllam4Waias‘pagatmon (2) was chosen. The mebhod sonsists
" of dissolving 10 mg, of protein or protein digest in one ml.
. "of B WaOH, and adding 3 ml, of 10% acetlc acid, 2 nls of 10%
'  Hgs0), (in 5% Hgsah), and one drop of 5% Nality. The solutlon
vllﬁ left standing far an arbltrarily selected 1ength af bime

and read against a standard whieh wag reag.aft&r-ﬁhe same -

. length of btime. WUnlike the Millon reaction, shloride long do
- not interfere in this rescbtion, The presence of hmyﬁt@gﬁam

jxleads 0 high results, howevers The tesb 18 speeifia;féﬁlﬁhe
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'bhanolie hydroxy'g%bup in.th$ @$esem¢e’ef K@és Hgg%g énﬁ ﬁﬁg
_i&hsﬁ.praduainm a brick reﬁ-ealow;- 1 the solution is h@dtaég
{,uhe colow, ‘develops rapxdly; ‘but & precipifate sooh aeveaaps

ﬁiwhich decrgases bthe value af @h@ begt ay a~qua&*itative prm«

o Xf Phe ﬂcluhﬁén 15-19?% ab voom temperaﬁureg bha eoibr
Q deve1gp$ slowlys buk does nol precipitbate ueawly a8 wapiﬁlya~~

'1ﬂ?£11 tyrosine tesbs in this rewearch werd read afben 3@ wimnbas
flas room. bemperatures - ' '

| | . Pvaparaﬁiem of Reagents -

. mimathvimpwphenyieme diaming hﬁ;ﬁﬂﬁhlﬁrldﬁu Pive hundred

mlll%gfama.bf.dimaﬁhylgpwyhemylem@~ﬁiﬁmin&3hydrmahlariae were
.dissélved in a cooled mixturs of 100 #l: of water and 50 i
~ of ecneénbrased HQSﬁh\ Water wds added to a volume of oneé
ulitara

Ferrie Alums Twanﬁyufive grams of Feg(sﬁh}ﬁozkﬁzﬁ were dig-
solved in 100 mls of Ho0 and 5 ml. of concentrated Hy80). The
.solutdion wag diluted to 200 wil.

“ercuric Sulfates - Twenty-six mi111116ezs of conoantrated: Hp80),
=7were diluﬁed to SQO ml, .and 50 grams of Hgﬁﬁ&'were sddeds
" Spaatmophntem@ﬁric Analysis
The Beckman “B" spaatroPhatnme%eﬂ was the lnet?umsnﬁ
chosen for the analyslsg nMecham (8)'in&10a@ed that Eﬁoaggamnl
is the wave:lengbh abt which the cystine btest in the ‘Fleming

- reastion haa maximum adsoprpbion. A asarch of the 1i§aranu¢a




w7 o
failed to reveal any data on the wave length for maximum
adsorpbion for the Millon=Weiss weaction. Therefore, the
proper wave length had to be'foﬁnd bj plotbing bransmitbance
against wave lengbh for.the color developed by the tyrosine
test, |

A gtandard was prepared contéiﬂing +1gs: of tyrosine per
ml. The reagents were added and the solutigm was left. for
30 winvtess A blanlk containing}ﬁhe-reagants but no t§rosin@
was also prepared. .The ﬁransmitbance at wave length Ffrom LOO
to 750mu with ircrements of 25mu were read. Filrst a wabter
blank wég put inbo ﬁhe ﬁpectropﬁctamaber and the tram;mittamm@
dial adjusted to zeno, then ﬁhaﬁ@eagémt blank‘was\pu%kin anﬁ
again the transmittance dlal adjusted bo zero, then the
stéﬁd&rd,was‘put in and the traﬁ&mitrance wég read, ﬁhis Joyale s
cedure was followed at each suecﬁa&ing-wave dength, Wave
length was plotted against transmitbanced in figur;'E, e
vealing & minimum transmittance at U75mi, which is the wave
length Tfor maximm adsorpﬁiono

Standard Concenbtration Gurvgs‘fbr Gyétihe an&‘Tyrosine

A series of cysﬁine,and tyrosine solutions of varying cons
'centratioﬁs were prepared and their btest eploré were developed.
Curveg weys.drawn plotting bransmﬁttance aga%nst cénoentfation‘
using a wide range of concentrabtions, Ths fange of eoncens-
bration in which theée curvs mmst.closely:apprdaéheéka straight

1line was chosen as the concentration range for tﬁe'atandamd
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:;ggupve,f S

) ?he nost sensitive Pange for ¢ystine wasg fﬂund ta be
frmm °16) +$0 ;Jﬁ mg“ per ﬁma A ‘spandard curve Wluﬂ canceﬂ%

‘ trabions within this vange, and with inerements af qéaslmgﬁ

. per wWls was preparveds PFlgure 6 is %the stan&ardtcgﬂﬁlne ff
curves e o S :
From «15 56 +35 “mg';;"mﬁmi& was found t6 be the mos?’a
effective parge for %hﬁ'ﬁyroéine best with increments of
502 mge per mls The sbandard Syrosine ecurvé is shown in

figuve Te v o o
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figure 5
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Quantitative Analyals of the ﬁn@rusﬁatmmns and Pra@ein
Hydrolysate Ealutiens ﬁmr Gystlne and ¢yrosine

In ordey ho £ind 5&%@16 $i35m ccnbaiﬁlﬁg emncenﬁwatﬁ@ﬁs
r‘af'aysﬁine and tyrosine within the concéntration gange'of the
‘ayaﬁine and tyrosine sbtandards, it waa.naaﬁsaavy ﬁa makatéué
merous trial runs It ﬁas found that one gram‘éfuéaiiﬁ OV G
" side material 'and Jl mle of inside solubion adn@aiﬁad‘cﬁﬁcena
tratiens of cyabine within the range on the standard curve,
The same quanblties were found to be suitable for the hyrewiﬂa
bests | " 1 ‘
. Seven bags aenﬁalning the proteln hydvelysate’ with ,
(Nﬂﬁ)gﬁﬁh; seven a@ntaining WHy, 01 and four aanaainxng'ma@l
werd analyaado ?ha tatal systine and tyra&ima‘pﬁesenﬁ,ln
200 mls of each of hha abova solutions were ealculated.by
‘:analyuim@ pl Ml samyles Qf/éaﬂh.E@1mﬁiﬂn» mhrea tri&la wara
”;ﬁﬁmsiﬁFEédﬁ case aﬁﬂ the aﬁéraga value was ﬁakang Tabla I
'shaws the conc@ntraﬁmmn af é¢ystine and ﬁyraslme im the (Nﬂh)zm
.‘Sﬁh solubion, Table II in bhe Kﬂﬁgl solut1@n¢ an@ @abla IIT in
the NaGl solutions = o o

. The enﬁyusﬁatimn qnieach bag was collecbed and Wéigh@@o
mné‘gram sawples frcm'eaob,%ag~wera analysed'febﬁéy%tina‘ané
" byrosines The tnﬂsx quantities of eystin& &nﬁvﬁyrﬁgiﬁﬂ in ﬁb@
surface encrustabion were then ealaulatedo The‘paweeﬁﬁVﬁf @?8»
tine and tyrosine passing ﬁnfaugh the m@mbrane wag them gale

aul a‘t‘»&dy
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B Takle IA L
w0 Goneentration of Tyrosine in a Hydralysaﬁe o

o Gontaining (NHA)QSQ& ‘

L tones ‘per f.’ . Cong, Total . Tobal
Heddlng seample (o1 wle) - wper ml. . Volume -~  Tyrosine

82,5 222 mg. 0 2.22mg. 200 mle Ll mge

g2 226 2,26 200+ g

81 - 0-2)411« ‘ ' 25 M 200 2 L}B&

. 'W," - V.’

iavéragg tokal cone., of tyrosine in 200 ml. of selutibn3561 W o

Table 1B
Concentration of Gystlne in a Hydrolysate
Containing - (VHE)QSQh

' Gone. per =~ fonc. Total Total
‘Reading _ _ sample (.1 ml.)  per wml. Volume __ Cystine -
n 270 mg. 2,70 mg, 200 wmi. 540 mg.
SN 5. TR & 2814- L 258& 200 - 5'68
SN +258 2,58 200 - 56’

average btobal cones of ecystvine in 200 wi, of $Q1ﬁﬁi@n Shl.mgg




w2l
| ] Table LIA ,
4 Goncantratioﬁ o? Tyrosxne in a Hydrmlysate ‘.
‘ ﬁantalnlng Nﬁhﬂl
. Goncg per ’ Ganasw' Tobal . .. fﬁéail.
‘*Reading \Samﬁlﬁ {52 m«a) per wts Volume . Tyrosine
83 w2iTmge 0 2617 mes 200 mls L3l mes

'83 95 R 9218 o o 2,18 200 )ﬁ,é

: f‘;é&é%fréfgé bobal concs of hﬁéﬁim in 200 mle of soimiaﬁ,jlﬁﬁ s

, Table i1 B _
@on@emtratian of Gyshine in a ﬂydrwlyaaﬁe
Containing NHI
R Gonde per o ﬁénﬁs"‘ Tobkal © = Total-
Readlng, sample (o1 wle) . por mls Volume ~  COysbine
75 “ @260 S 2;-59 mnee 290‘ mls 520 mga
. 7548 5258 | 2,58 200 - 516

average btobtal econc. of aysbine in 200 ml, of solublon 518.7 wg,
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Table ITIA

Concentration of Tyrosine in a Hydrolysate

Sontaining NaCl

o Qoneg per Conge Totai Tobal
Reading sample (&1 wle) per, mb¢ _Volume Tyrosine
81 . &2h6 mgs ‘2;96 g4 200 mil ¢ fhge nge
81.5 . s 210 '@;ua 200 uaq
81.5 42130 24410 200 li8e

average btokal cone; of byrogine inm 200 wls of solution h&h,ﬁgg

Table IIIB

Goncenteatlon of Cystina in a Hydrolysatbe
Gontalning NaQl

: {ones per Cones Total Tobal
" Reading sample (31 wlg) per ml, . Volume Oystine
73 +286 mgs _2;86 mg; 200 mle  B72 mge
725 ;289 2;89 200 . 578
73:5 4280 2,80 200 560
average bobal cond. of eystine in 200 wl, of sclution 570mﬁg§
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RESULTS

Tablas IV.A and IV B show the percenbage of tyrosine and
i cystine paésing from‘the.(Nﬁhjgﬂakjsoluﬁionq Notice thabt a
greater percenbage of byrosine passes ﬁhan-eystimﬁ, Tables V A
and V B and Tables vx A end VI B, smwmg the percent. of tyroe
sine and cysﬁmnﬁ pasalng from the Nﬁual and Nagl salmtzana
r@speetmvely@ show the same felgtlonship between bthe amaunﬁ-of
tyrosine and cystine passing, The pereentage of the bwo éeids
passing from the WH)Cl solution is only slightly larger than
that paséing fﬁom %he NagGi ssluﬁiamg but the percentages frmﬁ
both of these solutions are eonsiderably smaller than the per=
centages passing from the (HHA}ZSOu-salutionc Note the rew
1labionship between the guantity of enecrustation and the perw
cenbage of aystine and tyrosine passing. The average welght
of the (§HM)2SGh;encrustation wag 55.41 grams and the ‘percent
of tyrosine passing was 2,28, while the cystine passing was
23@87; The average encrusbation from the NH) 0L solutlen | |
wemghed hBeMS gwama, with 1 T6% tyv@sine and 1.66% cystlna"
passing. ”he NaGl salution.ha@ an averaga encrustaﬁvam of |
hz,; grams, with 1o 735 tyrosine an& 1.58% cystine passing.

The cancentvabion of cyatiné gnd byrosine per granm of ene
crusbation did not follow the same order, however. The con-
centration of tyraéine per gﬁam of en&rustation;Was highest iﬁ
NaCl, next highest in (NHLL)QSQQI, and the least in NH) 01,

Sodium Chloride contained the highest concentration of eysbtine
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per gwamﬁ next highest in (mﬁh}gﬂ‘hg and ﬂﬁhgl cenﬁalned ﬁhe

leagﬁb
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TABLE IV A

Percent Tyrogine Passing from the Hydrolysate

Weight of

Containing (NH)),50)

Conec, of Total
Buyrface Tyrosine Tyrosine
Orust ___Reading per gram Passing  Fracbion . % Passing
52,75 g 83 5210 mg. 11,06l wg. 11,06k ‘24)%0
_ 1. » Q0%
51,50 85 5181, 9,312 0,312 2,02
163,
57,85 86 2169 9,773 9,773 2,12
Iyl ) '
55,8l 8ly +198 11006l 11,06k 2,110
: 51
52,55 845 .19k 10,188 10,188  2.21
' | 61
58,30 85,5 «176 10.261 10,261 2423
T
59,10 86 0169 9,988 0,98 2,1
° e !
BT 2. Y185 mge 100230 mge 222
Moles of (Nﬂh)aﬁoh‘passing s =420

Tonle coneentration

Concentration of tyrosine per 10,236
gram cation of (Nﬂh)?soh o OO

28

a8

o8l gram cation

12:18 mge

#+ mge of byrosine in 200 ml. of hydrolysate

| I 1) 7 L
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TABLE IV B

. Percent Cystine Passing from the Hydrclysate
Gontaining (NH) )80y,

Weight of Gone. of Tobal
Surface - . -+ Cystine Cystine : L
Grush - R@ading per gram Pagging Fracblon %vyasﬁimg
52,75 g» 80,5  +192 mg. 10,13 mge 1di%. L
e o et e e T g NSRS

Qe --l@gmlﬁ

51,50 < 80 +200 10430 -

S
sl

1t
}.J
-]

<&
o

57.85 79,5 .20k 11.80 2.18

pod
I
k23
~
ovs
-3
-
-3

55,0 79 210 . 1173
52;55 79#5 ' p?ég-‘ | ';é;?é |

-

o !H'
o . o ]
R (=S EEE (CR ¥

o
(o TR o I

B
i
19

ﬁ

EQ;iO 80 . «200 | ils%g"

Ny
o

TETI . . 303 ug. I1.75 ug. T

EE‘ -

MQI@Slof(NH&)éSOhlpéﬁsihg' 21120

Tonic concentration

1)

:B8l40 gram cation.

Goneentration of cysbtine - 11,25
per gram eation of (Nﬁh}QS@g 800

3

13.h9 it 28

% mge of cysbine in. 200 wl,.. of hydrolysate
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TABLE ¥V A

Percent Tyrosine Passing from the Hydrolysate
Containing Nﬂhgl K

Weight of Cones of Totbal
- Surface Tyrogine Tyroaine .
Crust Reading per gram Passing _ Fraobion 7% Passing
47,55 855 .17k ms. 8.265 mg, 8,265 1490
: I35
W50 87 .160 6,960 6,96 . 1.60
W30 87 160 7013l 7.%3 . 1.6k
7,00 85,5  .iTh 8,178 8,178 1.90
43.80 85 .183 8.00h - 8.00 184
13
6,30  85.5 A7k 8,091 8,091 1086
. e - | g
W70 87 .160 700k 7,00l 1,61
| 35
EBQBE & 70169 W o 70662 Tﬂg; i 5‘72; %
Moles of WH, Gl pasaing @Ea%S = -8h9
h 53,50

Ionic coneentration

4]

«BLO gram cation

Concenbration of tyrosine 7,662 9,02 mgs.

per gram cation of NH)Ol T

58

¥ mgs of tyrosime in 200 ml, of hydrolysate
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TABLE V B

Percent (ysbtine Passing from the Hydrolysaﬁe

Weight of

Containing ﬂﬂh@l

50
oo
,:h§»00 
13,80
béosé
0

81
80.5

80.5

’5182

0182
.200
.18k

«193

2193

7189 me.

' Moles of ﬁﬂhpl‘passing

. Ionic concentration

. Goneentration of cysbtine
per gram cabion of NHAQ1

8,095

8,063
.QFhMQ'.-

. 8.0h0

8.0822

8,610

Bs 3 21 mgq

8,621 =
P

8,008

1867
8,063
5187
Gl
510¢
8.0l0
B1G,

GQnGp of Yotal - .
Surface Cystine Cystine
Qrusﬁ Reading per gram Fassvng Fraction % Pagsing
Ji7.55 go 80,5 193 fg. 9,181 mgs  9.181 17T
e By B A me % T

1,88 .

iy

i@&éﬁt

172
1666'

1,66 %

+8Lo gram casion

10015 Mg o

. % mg. of cysbine in 200 ml. of hydrolysabe ”
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TABLE VI A

Percent Tyrosine Passing from the Hydrﬁlysate
Gontaining Wall

r"%emght of Gonap of Total .
Burface. Tyrosine Tyrosine L
Grush, . . Readlng por gram Passine  TFraction % Passing

dabe 8 Lwhne S0Sims B8 103

";ihiaé 85 51688 | T-Th6 1:60

L8 8lLs 192 - 8,602 176

et 8ly. w20k, 84303 1e72

ﬁé;ﬁ gg .;19? m@;o 8& 3 f @ WL o . : . m§ %

i

Moles of Nagl passing : %%&é_ = o726

Ionic concentrabtion = 726 gram cation
i

11,5k mge

8

‘Goneentration of byrosine , 803%6
per gram cablon of NaCl 072

% mg, of tyrosgine in 200 wl. of hydrolysate
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PABLE VI B

Pereent of: Cystzne Passzng “frod the. ﬁgﬂwalysabe

‘Gontalhing Nafl

. Welght of Gone, of Tobal
- Surface G@ysbihe -CQystihe

Grost . Reading vper gram  Passing  Frashion

hish ge 79 5210 mg, 9.1tk mzs 9. 11
3.2 785 . 218 8,803 8,89
| ’5‘7"‘“"3"3
lly, 8 78 222 9. 946 2:946
" _ 570
0.7 80 2200 8,140 85100
‘ | 5

TETE g VPiE mg. T.013 mg.

1]

Moles of NaCl passing = , :2,;» .

Ionic concenbtration

{1

W

Gongentration of eystine . 9,013
peyr pram cablon of NaCl 126

% mgy of cystine in 200 ml, of hydrolysate

. «726 .

% Passing
1,60
187

1,74

1li3

e

L o726 grvawm cabion

! 1201{‘1 - mg”ﬁ L
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. EXPERIMENTAL PART II.

A number of‘oontnoi experiments were rﬁnwusinga$gvepalhpl
different amino aaidg,;amiﬁq acid salts, and lnovrganic salbs .
in an effort te find soméhaf thé'fagﬁgfs g@vennihgfpepgryetglf
1ization, | |

" A solution conbaining one gram of slanine in 50 ml, of
water was placed in a cellophane casing. A gsecond such sm}»
ution also,qogtaining (ﬁﬂu)ggﬁh.was prepared. A solubtion
containing one gram of lysine-hydrochloride in 50 ml. of water
was placed in a_cellpphang bag. Oystine-hydrochloride was pre-
pared by dissolving cystipeiin.thé minimum amount of ON-HGL
which would dissolve, gll of the eystine and diluting it with
water to 50 mle. This solution was placed In a ecellophane
casings, The sodium sait.af eysbine was prepared by addlng the
minimum amount of ON NaOH which would dissolve a quantity of
cystine, The solution was diluted with water to 50 ml, and
placed.in 8 cellophane casing. 411 of these casings were hung
up-for one week &b room temperaburs.

 Results |

The volume in esch casing was.rgduéed to between 5 and 10
ml, after one week, The sclubion dqntaining pure alanine
showed no pererysbtallization. The casing centaining alanine
and (NHA)QSQh.had developed an encrustétion‘on the surface.
This material gave a positive ninhydrin test, indicating bthe

presence of an amino acid,  No encrustation developed on bthe
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casings conbaining 1ysine~hyﬁroohlbride,\eys%ineahydrdchlariéeg
or the sodium salt of‘cystinébv In the latber twog the edsings
had 1eaked dué to the weakening of the membrans. by*aald in the

‘one and bage in the others

Gystine in the Pregence of Inorganie Salivs

Four solutiong éontaining .5 grams cystine in 50 @ly-éf;
waber were prepared by dissolving the cystine in minimum guan-
tities of 6N HGL and then dlluting with water. To one solubion
was added one gram of (HHh)ZSGh, to anatper one gram of Nﬁhﬁlﬁ{
to another one gram of NaCl, to the fourth was added twe grams
of (NHA)QS@MQ A fifth $solubion containing ene'gram of cysbine
in 50 wl. of water was prepared and to this was added one gram
..of (mHA)ZSOE? These solutlons were plécea in cellophane
casings and left hanging for three days.

| All the casings had enorustabions on the surface, bub

several casings had leaked, When the encrustahlan on the other
‘casings were remeved, they also brokes The aaldity of the sol=
utions were such thab théy weakened bhe mambraaes‘ta the point
that they leaked or brgke'éasily@ Thus no gquanbtitabive resulis
were possiblea' Tﬁe enerusﬁaﬁians ¢olleeted, however, produced
posltive ninhy drin t@st54 Ahwthér attempt usipg less acld to

dissolve the cystine resulbed in the same Aifficulbye

Bxperiments With Collodion Membranes

. Tlive eollodion\membranes'in the shape of bten inch tesgb
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tubes were made and filled with solubtlons containing alanine,
‘cystine«hydrochloride, sodium salt of oyatiné,'a protein .
| hydrolysabe conbaining (mﬂh) Sehp and a solubtion aontaining
eystine, tyrosine, and {NHL)QSGkg respectivelys These bags
were hung up and left for one week ab room temperature. At
the end of that period, no encrustation had developed oﬁ any
of the bags, and the vélume ha&fbeén_reducad#varyllittle%‘
~ Large beakers were placed avound the bags and heatb appiieﬁ
with bunsen burnsrs. With heat applied for several. hours,.
and the temperature of the air around the bags as high as

959G, no percrystallizabion took placs.

n

Measurement of the Amounts of Inopganic Salts
Which Pass Through a Celloephane Membrane

It is necessary Go know the relative amount of an ine
organic salﬁ which passes bthrough a membraneg in orﬂef to judge
the effect that sgalt has on the amount of cysbine or %yfoginé
which will pass through the membrane, Two molar solublons of
NE)Gl, NaGl, (W) S0) and a one molar solutlon .of (NH)) 250
were prepared. Three 100 ml. quantibies of each solutilon were
placed in eellophane casingss The amount of enerustation on
each casing wés welghed and the pereent péasing‘ﬁhﬁoﬁgh was
caleulsbeds Table VIT <hows the raéﬁlbsp ?ha solubility in

grams per 100 grams of waber of each salt ls &lso inéicated,
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TABLE VIIL

Percent of Inorganic Balt Passing Thwouph a

Gellmpbape Membrane

. Gone. in . $®lqhin oo
g/100 ml, g/100g of Grams
Salt  Molarity of H,0. Hy0 at 20°¢ . Passed. % Passed
NECl 2 molar 10.7ge 3742 g. 1.500g. Ll.0L
" W ey 1.366 12,67
3 z oo e 16438 T 13Lhl
. R I TP 1 /SR
moles passed g 080 Gram cabions passed = 080
Nall .‘ 2 molar 113..? 7 'go 360’0 g‘b: 1 alh?ég‘n. . 12 562 | 1'
n i oW Co 1,526 13, ol '
"o e " " 1,500 12.80
S - T12.8%%
moles passed w <077  gram cations passed & 077,
'(Nﬁh)zﬁb&’Q molar 26,01 ge 75.4 8. ’_5$739€ﬁ 2157h
n’ n @ # ' 5,032 25 A7
" " " " 6.022 22,81
) ) . 224 SE%
moles passed g ,0U5 gram ecabions passed = ,090
(ﬁmh)ZSQu‘l molar 13.2 g. 75.0 gs 1.501gs 11,98
. W " 1,620 12,27
" " " # 1,598 12511
12.12%

« 037

moles passed g

gram cations passed =

07k
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DISCUSSION ..

Amino acidg and inorganic sdalbs alike wouwld nob-pass:

‘thwough a collodion membrane under the conditions deseribed in

‘the experimental work. ' It is concelvable that if it had. been

poééibTGrfo'maxe thinner, more déli&éﬁe collodion meﬁbvanes,
that. inorganic salbs, and possibly amino aczds a?@ng with the
salbsy wou?d have passed through bhe membrane s ﬂOWGV@F} one
nghﬁ conclude thatb Kobar (7} worked under differemt Nefeie s
éltlons or uged collodian mambramc» with addiﬁianal eompanemta
when he succeeded in pererysballizing hlstidine Prom an amlno
acid solubtlon.

The fgct thaﬁ neiﬁﬁer amino acids in salt free solution,
nor awmino acid salts woald pass through 2 celleophane meﬁbranSg
leads to the conelusion that when small Quan%iﬁies of amino

acids pass throu&h a meunbreane along with inmréamic aalha, they

~ are mersly carried alamg in some way by the salb. - R

Tables IV, V, and VI show that the {Nﬁh}zggh solution’
passed a greater percentage of cystine and tyrosine through s’
cellaphane membrane than efther~mﬂhgl or NaCl. The (NHL)QSOh

apCfvsbation welghed more than the obher two. salbsg which were

'nearly‘equal in weighuii Whe guantity of cysbine amd-hyﬁesine

intthe solubion is aonstantﬁ thus the gr@ater the amﬁunh of .

salt massimg, the greater the btobal cystine ahﬁ ﬁyrosine

. passing. This explains Why'(ﬁﬁu)gaoh passed the greabest quan-

bity of cystine and tyrosine through the membrane.
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The Na(l encrustabtion contained the highest concentration ..
of tyrosine and cystine per gram of encrustation fellbw§d by
(ﬁﬂh)ESGh‘and-Nthl respectivelys  When the molar concens
tra#iens are caleulaved, it is found that the molar doncens
tration of kRHh)EEQh is roughly one~half thgt of the other bwo
salts passing through the cellophane membrane, Ammonium guls.
fate has twice the eatlon concentration of ﬁﬂhg1 aﬂd Na@l, hows
ever, Thus doubling bhe molar eoneentration of (Nﬂh)2gﬂhﬁ ‘a
cabion coneentratlion of o8l0 is obtained, while the eatlion copn=
centraticn‘of mﬁhci :émaiﬁs ab 849 and bthe cation'gmﬁcen@
tration of WaCl remains at o726

One would expect (ﬂﬁhjasahfand'mﬁhgi to promotg the paaaé
age of higher concentrations of c¢ysbine and btyrosine through. .
the cellophane wmembrane then WaCl, if a correlabtion exisbted
béﬁwaen this phenomenon and ionic concentration. We find@ howe
ever, that (NHL) SQU conbains the highest.eoncentration of |
tgrosmne and eystine per gram eatiwn followsd by Nall and Wﬁhgl_
respectively. Thus no eorrolation seems to exist betwaan cone
cenfﬁation of eations passing through the membrane and the cons
centration of ecysbtine and tyrosine passing through. the membrane’
with the inorganic saltes | | .

Table VII indic¢ates, as do ﬁhe‘results{inxTables 1#5 Vs
and VI, that.(ﬂﬁh¥380h passes bhrough theidellophane membrane
in greater quantities than do Nﬂhgl or Na€ly A correlabion is

evident when one compares the percent and moles of salt passing,
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with the solubility of the salb, One thus concludes that bhe
quantity of inorganle salt pererystallizing is somewhat dee
pendant upon the solubiliby, |

Several mechanisms can be offered as ezxplanation for the
percrystallization phenomenom. Inorganic selts ionize in
solutlion and pass through a membrane in ioniec form with the
waber as it~evaporaﬁes through the lattiaarﬁtructuﬂa‘gf the
wmembrane., The anlons and cabtlons unite on %he:surface of the
membrane and form crystéls which build up bo a acnéiderahlé
size, Some of the aminc aecid molecules ferm,zwitﬁériens;:
unite with anions or cabtiong, and‘pass through the memhréné
with them, Zwitterions are large, and only a few geb through
the spaces in the'laﬁfias which is dompased_of ¢ellulose unibs,
The number of zwitberions passing through depends algo upon
the number of anions and cabions passing through. A4s waber
evaporates through the membrané, the solubtion becomes more eon-
cenbrated, reaching a point where the salt beging to orjstalﬁ_
lize on the inside, Little percrystallization will weecur from
this poinbt on. Thus the guantity of pererystallizabion &epgn&s
upon the solubllity of the salt becauss pererystallization will
practically cease when crystallization begins inside the mems
brane, and because percerystallization qepengs upsh.thé mmbey
of ions formed and passed bhrough the membrane, | '

Cellophane is produced from ¢ellulese by The ?iaocSe pm5~

cesss Thé "viscose", cellulose xanthate, is forced through




fine slots into an acid bath producing thin sheets of re-
generated cellulose. The structure remains basically the same,
with B I-lIi glucoside linkage and the linear chains are pro-

bably linked together by hydrogen bonds.

Pigman (9) explains the effect of acids and salts on cellu-
lose molecules as follows, Msince the cellulose molecules pro-
bably are held in the micellar lattice by hydrogen bonds and Van
der “aals forces, the solubilizing action of strong acids and
salts probably is due to a replacement of bonds such as COHO by

H |/
CONaT."
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Mrhe action of acids and salts is accompanied by a degradation
of chains due to hydrolysis of the glucosidic linkages. Mild
hydrolytic conditioning leads to diminished chain length and

loss of fiber strength.”

Thus acids or salts rupture the lattice by replacing hy-
drogen bonds linking the chains, or by hydrolyzing glucosidic
linkage. In the experimental work it was found that inorganic
salts passed through the membrane from neutral solution, but
amino acids and amino acid salts failed to percrystallize from
acid solution, in the absence of inorganic salts. From this

one must conclude that the inorganic salt or specifically the
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cabtion has more effect on rupturing the lattice thanfthé acide.
It is more likely that the hydrogen bonds wers disruptaé‘by

the cations than that the glucosidic linkagses were hydroliyased,
E#idenee in support of this view is the. fact that inorganie
salts dld not pass through collodion membranes. GColledion is
pyroxylin, a nitratéd cellulose, having NGB groups in place

of some of the O0H groups. Collodion membranes are more Tee
sistant to the effects of acldic or basle solublons than cello-
phane, If ecations rupbure hydrogen bends in passing through

a membrane, it 1s easy bto explain why 1t would be difficult for
sélts to pass through collodion. However, if catlions hydro=,
lyse glucosidie linkages in passing through the mewmbrane, it

is difficult to explain why salits did not pass through a eollo-
dion membrane.

Génelusiﬁé evidenge that the ﬁolsculér latﬁica‘of-the:-
cellophane membrane was affectéed to some degree is found in the
fact that. after an encrustation was removed from a membéaméﬁ'
tiny beads of 1iquid,formed on the surfaeé of the menbrans.
Evaporation soon took place and encrustation was noteds Perw
crystallization toek place much more slowly on newly hung menme
branes and no notlcable liguld could be observed on the surlface.
Thus the liguid droplets came through the enlarged spacss in -
the membrane caused by the rupbure of linkages in the latbtice
by one of the mechanisms described above,

A greater vercentage of tyrosine passed from sach of the
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three salt solutions than did eystine. This is conslsbant with
what we know aboub the two aecidss Tyrosine has a moledular
weight of 181 as comparved to c¢ystine with a mcleeﬁlar_weight
of 2li0. The tyrosine molecule is more compact than bthe cyie
tine molecule. Tyrosine is soiuble in water to the exbent of
+Olil grams per 100 mis of waber. Cystine has a water sol=
ubility of .006 grams per 100 ml. of water at 202 e¢s Tyrosine
has a higher lonigzation constant whether it beﬂfrom¥classical,_
zwitberion, of acidic formulation of ionization. Thus
ionizing to a greater degree and being smaller in aigeg the
tyrosine molecule passes through the wembrane in grealber
guanbity than cystine;

Kober (7) stated that colloidal material will not pass
through a membranes There is a possibililty that the amino
acids in the protein digest were in part in the colloidal
state, However, the fact thabt some cystine and tyrosine passed
from the salt contalning solubtlons proves that it could not
all be in the colloidal stabte., That no pererystallizabtion
took place from pure, complebtely soluble amino acid sole=
ubions, further proves that collpidality was not the source
of difficulty. '

Mueh work must be done before the mechanism of percrystal-
lization can be fully:understoodq Work should be done on all
of the amino aéids and other organic solids, In the fileld of

amino acids, the work should be divected toward the water
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goluble ones to avoid bthe use of acid.or base which weakens '

-

the membranes and prevents work with individual  amino acids
and inorganic salts without contaminants. Hove rapid and

convenientb quantitative methods should also be soughbs  Ads

ditional work. should be done with c¢ollodion mewbraned, in an

effort to duplicate Kober's work and perhaps ulblmabely arrive
at a useful .quanbitative or qualibabtive separation method for

amino acids.
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SUMMARY

1, Percrystallization is the crystallization of a sclute on
the surface of a meubrane, after’having passing through the
menbrane, with the evaporated water, from the solutlon wlthe

ine

2., TUnder the conditions described in this study, ho peprs
erystallization took place from any type of solution in a coli-

lodion membranes

3s° Mo pererystallization occurrsd on gollophane mewmbranes

containing inorganic salt-free protein digests.

i« No pererystallization occurred on cellophane wembranes
containing aminoc acid =alts such as lysine-=hydrochloride,

¢ystine-hydrochloride, and the 'sodium salt of cystines |

Bo . Veasurable guentities of cystine and tyrosine passed
Through membranes cantainiﬁg protein digests and inorganic

salts such as (Nﬁh)zsoh, Nﬁhﬁly and Na€l.

6o The greaber the quantity of inorganic salt‘passiﬂg

through The membrans, the higher the pef&entage of amino aeid

passed through the membrans; The guantity of inorganic salb
passing through the membrane ﬁ@penﬁé'prima?ily on the wabter

solubility of the salbe
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7s A glightly higher percentage of tyrosine passes Bhrousgh
the membrane than cystxne, as is e&ﬂeOUed because terQine hao

a lower m@leoular we1gh+ and @ hlgher iaﬂizatlon ccn tanu@

8¢ _ Although the exact meshanism of percrystalllzatlion 1s une
known it is believed to envolve the rupture of hydrogen bsnés
in the lattice struature of the ca]lophame wembrane by aniong
and cations of the inorgénie salt. ZWlttefioas probably |
"asscclabe Wlth the anions and Q&ﬁi@ﬁﬁy and are carried thron@h
the membrane with Lhems. On the surface the anions and GalenS

unite to form crystald,
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