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The Origin of Sulphur in W ool.-HI. An Im­
proved Cuprous Mercaptide Method for 
the Determination of Cystine in Material 
low in Cystine. 

By ~ - ]). HOSSUTTW , ·wool He~ear<' h Sec·t iou, OnderstepoorL 

lN a [H'eYious paper (Hos,;omY <lurl 1\Tilken-.Jonlen , J 8:Y1), it 11·as 
shown t h at cystine can be precipitated as t h e cuprous mercaptide, 
thus eliminatiug mauy substan ces 11·hich Uossouw and Wilken-J orclen 
(Hl34) found t o interfe1·e " ·ith th e lletermination. In certain cases 
sulphuric acid instead nf hydrochloric :tcid hydrolysates \Yere used 
and excessi Ye humin formatiou \Yas eliminate<!, u bo little or no 
oxidation to cysteic acill took place as found by Lugg (1833). It can 
be safely said that ,,·ith the present availnble method s it will he 
impossible to detect cystine in a h yclrochl01·ic acid hyclrolysa te of 
sub~taa ces in the nat ure of grnsses , 11·hi ch <He lo11· in cystine. 
Andre\l·s (19!'\(l) found traces of copper to o"idise cystine in hydro­
chloric acid solutions hut not in sulphuric acid. 

I n the present m oclifieatiou the amino acid is determined as 
cysteinP , re:-;ulti ng in double se nsit ivity anrl a leo el iminating all 
interfering colouration in i.he smne process. \:Vhere ex cessive 
colouring material is presPnt as is tlle cuse " ·ith hydr o:lysates of somt' 
grasse& unrl blood, this m eth orl silll plifies the ]HOCPSS und }paves a 
better margin of safety. Many of the interfering suhs.b.mces foun<l 
by Ancl re\\ s and Anrl rmYS (19=i6) ar e thus Pliminaiell from t hese 
hydrolysates . In grasses of lo"· cystine content it is, hmYever, 
advisable to reprecipitate the mercapli<le, but as \Yill he shown. t his 
is quick and safe with an excellent r egain . 

METHOD. 

The method clescrilJP(l , :tpplies to grasse~ which are low in cystine 
as found by Rossouw (l9=i5) . 

To 9 grams of gTa's clrierl to constant weight in an oven at J 05° U. 
is added 80 m'l. of 10 N sulphuric acirl. This is warmed on a merlium 
heat hot plate unti l i·h e materi al is \l·cll soaked. The flask -n·ith the 
materi al , \Yhilst still hot is coYered '"i. t·h a beaker and pla red in a gas 
heatefl :<utoclavp controllefl at 130° C. Tt is kent ut thi ~, t emnerature 
for 5 hours. The h ydrolysate is filtered hot through a G3 or G2 .J ena 
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hitted g-lass filter funnel , 11·ashed ,,-ith hot \Yater and made up to 
:!UU ml. Depending on the cystine conttmt, 50 to 100 ml. of t~is 
sol uti on is measureil i n to a fJOO llll. flask and as a buffer 2 ml. glacwl 
acetic acid is added . ·with 5 K . sodium hnlroxicle this solution is 
then brought to pH 4·6. A flocculent precipitate result8 "hich is 
tiltere<l off through a G4 ,1 ena filter and washed "·ith (hlute acetlc­
acid-sodium acetate buffer at pH 4·G. Medes and Padis (193G). To 
this filtrate is added, " ·ith gentile shaking, 0·5 to 1 ml. of freshly 
prepared solution of cup1·ous chloride in 25 per cent. potassium 
<ohloride. After one hour standing flocculation of the cystine cuprou s 
mercaptide will be complete. For quickest and safest precipitation 
:1 tempt>rnturP of :jOo tr. ;] :)0 ap ]Wars to 1w bt>st. 

The solution is then centrifuged simultaneously m t 11·o or more 
centrifuge tubes of the conical type. The solution containing the 
precipitate should be rlisturbed as littJle as possible, as this precipitate 
is apparenily soluble in cupric chloride . 

At this stage, depending on the amount of <lar]; material present, 
t 11·o procedures are poss ible : -

(1) vVhen excess of dark material is present : H ere r eprecipitation 
1 s r esorted to. The precipita i.e in the iubes is dissolved in 4 ml. of 
0 · 3 K. h ydrochloric acid and " ·ashed ,,-ith water into a 50 ml. 
centrifuge tube. To this solution is added about 200 mg. of pure 
zinc dust and the contents well stirred or gently shaken until 
foaming has subsided. This is then filt er ed and 1mshed into another 
50 ml. t ube. 'J' he reduced solution is 110 \Y much lighter. At th e same 
time a standard solution containing 0·8 mg. of cystine in a deci­
normal solution of hy <lroc hlori c aci(l is pi petted in to anoth er 
centrifuge tube and treated similarly to the above. The volumes are 
made up to about 30 ml. each and the tubes placed in a 1Yater hath 
at about 30°. To the assav anrl the stan<lard are each a<lded 5 ml. 
of ace tic acid-sodium acetate buffer ancl 10 per cent. potassium 
h ydroxide dropwise to pH 4 · 6. To each is now added 0 · 25 m:L 25 
per cent. potassium chloride followerl 1,~. G drops (about 0· 2 ml. ) of 
freshly prepared cuprous chlorid e reagent . 'rhis is clone dropwise 
with gent le shaking. Flocculation usu ally sets in after a fev;· 
minutes. 'rhe tubes are left in th e bath for about one hour and th en 
centrifuge<l. 

(2 ) \Vhen less rlark material is present: \Vhen reprecipi tation is 
not made use of the -precipitates should be washerl i n a 4·(} pH 
buffer solut ion con sisting of a mixture of acetic acid and sodium 
acetate. The washings a re combined in one tube and cen trifuged. 
A standard is prepared as already described in (1) . 

.. Whi('hever procerlure has been follo1Yed. th e precipitates of the 
assay and of the standard are separately clissohed in 4 ml. of a 
0·3 K. solution of hY<lrod1loric acid. To each solution is added 100 
to 200 mg. of zinc rhist an<l i t is well stirred or gently shaken. During 
this process th e tempt>rature .is kept helo"· 15°. The reaction is 
a llo,,·ecl to co ntinue for h alf an hour with frequent stirring or 
sha king . E ach sollution is then wa~h ed in to a 20 ml. measuring 
('ylin cl er a n<l 2 · 5 m l. of a 2 · 5 per cent. acetic acid followed by 1 · 0 ml. 
of a 15 per cent. solu tion of pota ssium sulpha-cyanide i s added. 
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The contents are mixe<l anJ 0 · 25 ml. pyridine is ndded drop\1·ise. It 
is shaken and made up to 20 ml. , keeping the temperature constant 
at 15°. It is t hen immediately filtered and 5 ml. aliquois used for 
the cystine determination. To aliquots o£ both sta nrlarcl aucl assa~ 
is now added 0·5 ml. o£ 10 per cent. JlOtassium hydroxide sollution 
and t.he temperatu re raised to 18° to 20° As described by Rossou"· 
anrl \Vilken-.Torclan (1934) 2 ml. 10 per rent. af[ueous &olution of 
sodium cyanide is then immediately added. After an interval of 
10 minutes 1 ml. o£ a 0 · 5 per cent. aqueous solution, o£ 1,2-naptho­
quinone-4-sorlium sulphonate is added, the solution is gently shaken 
anfl 5 ml. o£ 10 per cent . anhydrous sodium sulphite in 0 · 5 N. sodium 
hyflro:s-irle adcled after 20 seconcl s. After mixing- the solut ions a re 
alilowed to stand for 40 to GO min ntes at 18° to 20° " ·h en 1 ml. of a 
1 per cent . solution of soclinm Hyrlrosulph ite (Na 2S 2 0 ,,) in 0· 5 K. 
sorli mn h y rlroxide is a<l<lPrl. The rolrnns arP imme<liatPly compa rerl 
calorimetrically. 

REAGEl'ITS . 

J. 10 ~ -sulphuric acio . 

'2. 10 P er cent. solutiou of potassium h _vflrox ioe . 

0. }fercl;'s pure cuprous chloride . If this is ,-isibh· oxidiserl io 
cupric ('hlorirl e it is best to nurif.\- a small sample to !last for ahout a 
month as follo11·s: The oxirlisNl nroduct is dissoh ecl in a minimum 
quantit.\- of 0 ~- h.n lroch lori(' acirl and a large exce~s of \l·ater is t hen 
acl <l Pd " ·hi ch precipitates thf' p11rP white cuprous rhlorirl e . Th fl 
solution is quickly filtered through a G 0 filtrr. t he precipitate wa shrd 
"·ith ethanol and ph rerl in f1 Yac1mm at alJont 40° nn ti:l dr~· . 

0· 5 Gm. of this p<mder is transferred ton stoppererl cylinder, 13 
ml. of 25 per crnt. potns.sium rhlorirl e in <lecinormal h,vrlroeh loric 
acid arlcl ecl anrl the contents well shahn to rlissoh·e. This f'o lution 
is cm·erNl with a thin b~·er of prtrolen111 P-ill er anrl should last fo r n 
rh ~- . 

4. 0 ·3 N H ydrochloric acid solution. 

n. :Merck's pure zinc dust. 

G. 4·6 pH Buff8r solution of }1P- <l es and Padis (1!J06) made up hv 
us,ing- equal Yolumes of 2 J\I sodium acet·ate and 2 M: acetic acirl. 

7. 2·5 per cent. solution of aretic acid. 

8 . 15 P er ceni. solution of potassium sulphocyanirl e. 

9. P yridine, redistilled. 

10. 10 P er cent. freshly preparerl aqneous solution of Rooium 
('yanide. 

ll. 1 P er cent. freshly preparerl aqueous solution of 1,2-naphtho­
quinone-4-sodium sulphon ate. Thi s material should he tested for 
pmity as described b~· Sul!linn (l92G). 
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1:2. l U Per ceJli. heshly prep;uecl solution of anhydrous sodium 
sulphi te iu 0· 5 K so dium hy dro_xide. 

J :). 1 l'e r cen t . fres hly prezm red solution of so<lium h yclro 
sulphit e in 0· 5 .\ sodium hyrh ox id<'. 

JJrsccsswx . 

L 11 <l er th e L"o LuJi tioHs of ln·d rohsis <l escri be<l a hoYe th ere is a 
cystine recoYery of 111 ore than ·iw IJ ~ r ee ut. ''"hen '2 mg. cystine is 
a<lcletl to a ,;a mple of lucern e hay ns in dicatecl in the fo ll owing 
t<lh le: -

TempPruture of 
Autoc]a,·c. 

1:220 

1:!5° 

130° 

136° 

Time of Hydrolysis 
in Ho1a·s . 

7·0 

5 · 5 

6 ·0 

:!· 5 

Cystine Content 
in mg. per cent. 

101 

117 

lOG 

91 

Percentage regain of 
added Cyst ine. 

9 :) 

!)J 

\);{ 

57 

- - --

During hydrolysis the normality of the acid is re<lu cerl to <llJOut 
8 · 5 N. \VlH'll ll y cl rolysed f.or too i]ong a period or at too high a 
tempera t ure the <· ) sti n c figmes \\ ill Le too lmY rlu e for instance to 
ca rbon isation , oxi <btion , etc. A tPmperahlre of 120° and hy drolysis 
for about G h ou rs haYe been fonnrl snt idactm·y. Th e :vldition of 
zinc during h)·rholysis is nnu eces::;ary in the case. of sulphnr ic acid in 
contrast to h n l ror hloric acid h ut if resorted to the r es ult s are not 
dfecte cl . · 

'l'he cystine e; uprou s mercnpiide is soluble i n ct!pric chloride. 
It \\·as establi sh ed that with Yigorous shn king of t he stoppered 
centJifug·e tube con tai ning th e precipi tatin g 1·eageut all the 
m ercaptide \1" 0\ l•lrl rli ssol ve in th e r up ric chloride fon nerl. As a result 
of t hi s oxiclation it \Yas rl ecicl erl to resort to centrif uging rather than 
riskin g filtration . 

P robably clu e to haces of copper sal t in solution t h e cysteine set 
free by t h e zin c clust r ecl nction is apt to he oxiclise cl to cyst in e hut at 
15° su ch c.1·ste in e solution will r emain stable for 24 h ours. 

An add i tional cystine sta nda rcl (direct stand ard) can b e used as a 
ched to that already rl escrihed ( inrlirect stn nc1anl ) ln· omitting tlw 
recluction of cystine to r.:5·ste i11 e anrl rmnemhering that in this case 
the colom intensity " ·ill be on ly half th at of th e indirect standard. 

It , ,-as found necessn r~· to contro:l the ten1p erature d1uing the 
colour cl eYelopment ca refnlly . ;\ t 18°-20° 0. the eo lonr cl evr, 1 opment 
is much slo,1·er t h an at th e us1wl 25° nnil it is for this r en son th at a 
tim e in ten·a l of 40-GO minutes should ehlpse before the hyclrosulphi te 
is adrlecl, "·hen t l1 e colour develop ment-time curve b ecom es nsymtotic. 
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With th e acetic and pyridine in the soh1 t ion it is evi dent that 
t heir ~trou gly buHering action "·ill preYeut the Yer y high hydrogen 
ion con centration required iu this r eaction to be o btai ned b_y ewploy­
i.ng the customury concentrations of reagerd s . As u r esu lt alkal i is 
added to the solution prior to t h e cyanide solution. A similar 
procedure wi th good results wa s foll(m·e(l by Rulli.v ::1 n aml H ess 
( 19 ~~G) . 

Very sharp and more r eliable colorimetric readings were obtained 
by using a l ig·ht filter in the ordPr of ;J:llJ. 

S u;\IMARY. 

Cystin e is determined as cy steine in hydrolysates of plant or 
biological material of low cystin e content. Th is m ethod i& an im­
proYenwnt. anrl also more accurate than the previous on e clPsni bPrl. 
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