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GENERAL INTRODUC~IOB 

In the gradual u~avel111lg of the oomplexities 

of biological materials. it has aeoome apparent that the 

pyrrole group of ohemical oompounds playa a prominent 

r~le in the production o:t plant and an~l_ organiamse_ 7 - --~---~--

!his fami17 of compounds emiraoes all those moleoules 

Whioh oontain a ring built up of four oarDan atoms and 

a nitrogen atom (I). 

C 1-/ c /Ie 

I. II. 

~_---CH c. 
He c 

!he presenoe of this ring baa been established 

in a series of important vegetable bases, Whioh had pre-
.~ 

v10tlslJ been regarded ao1817 as derivatives of the s1x-

membered ring pyridine; Dame~ JUcotine, hysr1ne. cuak­

hlgr1ne. atropine, hyosoyamine, oooaine, tropacooaine, 

and others. Further, the reduoed pyrrole derivative 

proline (PJrrolid1ne-2-oarboXJlio ao1d) is a hydrolyt10 

produot of nearly &11 proteiDa. tillstltter and other 

investigators have demonstrated that haemoglobin and • 

o~oroph11l are P7r.role derivatives, revealing an tnter­

esting relationship between the oolouring matter of 

blOOd and of leavea. 

r 



~he above examples provide sufficient illustra­

tion of the importanoe of pyrro1e derivatives. 

Pyrrole itself, the parent substanoe of this 

olaSB, is found tn coal-tar and bone-tar, and is also 

present snong the distillation produots of bituminous 

shale. Baeyer was the first to advanoe the formula (II) 

now generallr acoepted for pyrrole. 

Pirrole is a oolorless liqaid Which turns brown 

on exposure to the air and smells somewhat like ohloro­

fora. xt boils at 1300 to 131°0 under 761 mm. and has a 

speoifio gravit7 of 0.9752 at 12.5°0. It is miscible 

with most organic liquids, but is onlf slight17 soluble 1n 

water. 

The formula for pyrrole woa1d suggest that it 

is a seoondarl base, but its basio properties are ex­

tremely weak. The7 are to some extent oonoealed by the 

faot that pyrro1e and most of its homologues are readilJ 

oonverted b7 aoids into complicated red polrmers. the 80· 

oalled PJTr.l.·~ed. 

PJrroles relative to benzene are dist1not17 

aromatio oompoands for they possess the nuolear stab1l-

1v.r and diminished uneaturation of suoh oompounds. Bow­

ever. unlike thiophene, Which resembles benzene to a re­

markable degree, PJrrole resembles phenol more than it 

aoes benzene. 

The homologues of pyrrole Show the typioal 

properties of pyrrol itself, but are in general less 
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, 

reactive and more stable. Those PJrroles Which contain 
---....... """--i • - - ___ ~ __ ~ -,'0' 

\ 

a free hydrogen atom in th.~ position produoe an intense 

red oolour in the cold With Ehrlioh's reagent, whioh 1s 

a solution of p-dimethylamino-benJaldehyde in dilute 

hydroohloric a014. This aldehyde oondenses With the 

pyrrole in the 0( posi ti011 to gi va a P7rrolenine compound 
!_-. 

(III). The red colour i8 attributed to the salt of this 

oondensation product. The cation of this salt is stmilar 

to tbat of a triphenylmethane dye in that two struotures 

oan be written, in one of which the pyrrole ring is 

qatnoDo1d and in the other the benzene ring 1s qu1noDoid. 

f.here is DO differenoe tn the struotures except in the 

distribution of the electroDs, and we ftnd the same iR­

t~nse absorption doe to the resonanoe betwee~ the two 

struotures. 

\/ 
NH 

~/=CH-<~= > 
IV 

I 
"" 

N Me 
4 

~roles with on17 a~-poe1t1on free and tetra­

substituted pyrroles 8oaroel7 give the reaction, even 

on heating. unles8 an easily eliminated group such 88 



-4-

oBrbethoxyl or carbox,rl is present in the ~ position. 

It is not Within the so ope of this thesis to 

reyiew the vast bod7 of literature concer.ning the chem­

istr,v of pyrrole and ita numerOQS derivatives. The brief 

SUMmBrJ of Bome of the more ~portant facts about pyrrole 

and its homologu8s. as given above, will suffice to indio­

ate the importanoe of this compound in nature. It i8 

evident that any advance in our knowledge concerning 

pp-roles in biologioal materials would 4oli1rtJ.ejl~~ of ~;':)) 
sreat assistance in the solving of many of the la~ger 

ans-8lved problems in b1o-chemiet17 • 
. 

lor many years qualitative colour teats have 

been known for pyrrole .• bat there appears to be a lack --- --..... 
ofquant1tat1ve methods for tha\detect1on of minute quan-

t1t1es-of;~le in biologioal materials. (it was deem: /;.-; 

e4 important to have quanti tati ve metho dB available for ! 
-~.. ----------

the determination of pyrrole and therefore~ prelimia-, 

ar.J part of the investigation described in this thesiS 
d~ 

hald to do With the evolution Of. methods for the quanti" 
/ , 

-t&ti ... ·-e8t1mationo~sma.11-.qllanti ties of pyrrole. 

It has been known for some time that pyrrole 
// ~. fA vi 
I' -VI_ 

~ oou14 be produoed from biological materials by the pro--

oess of dr7 distillation. In particular. oertain pro­
OJ-'-l-

"'-; . ,. 

/ \ 
I 

\..' 

teins ~ oapable of furnishing pyrrole bl' tbis distill .. 

tion method and this fact seemed to lend some s~port to 
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Troensegaard's (1920) pyrrole hypothesis concerning the 

struoture of protelns. In this thesis. observations are 

reported which fail to l~ support to Troensegaard's (j I 
theory of protein structure. 

Certain investigators have reported the pres­

enoe of pyrrole in protein hydrolysates produced by 

enzymic digestion. Attempts were made here to verify 

this, but wi th the methods available 1 t was found im­

possible to detect free pyrrole in protein hydrolysates. 

For many years it has been known that gelatin 
c 

1 prodnced pyrrole on dry distillation, but the reason for 

this phenomenon had not been discovered. Experiments 
1 

conducted in this investigation indicate that the amino 

acida proline and hydroxy-proline are responsible for the 

' produotion of pyrrole the dry distillation of gelatin. 

The hydrolysates of nearly all proteins con­

tain proline.and the hydrolytic produots of a few pro­

teins oontain hydroxy-proline. Methode have been pub­

lished by various investigators for the determination of 

these two amino acids. but they are laborious and time-

consuming. ~~ ~~ the literature revealed ~( 
laCk of rapid and quantitative methods for the est1~ 

at10n of these two important pyrrole derivatives. In 

the course of the work described in this thesis, color­

imetric methods have been evolved forthe
V quantitative 

determination ~t the~e-amino aeids in protein hydrolys-

stea in the presence of the other decomposition products. 
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HISTORICJL 

The Produotion of Pyrrole from Biological ~terials 

Early in the 19th century pyrrole was discover­

ed in coal-tar by Range (1834 }.~ bat it was not antil 

some years later that Anderson (1858) isolated it in a 

pare state :rrom the products of distillation of bone, 

the so-oalled bone oil. This is still the ohief soarce 

of PJTrole and certain of its homologues. 

SohBtzenberger and Boargeois (1876) prepared 

pJrro1e by heating albumin and these same workers also 

obtained it b7 heating sheep's wool at 150°0 With b~Jta 

water. 

..idel and Ci&.lil1c1an(1880) oolleoted pyrrole 

and its homologues from the dry distillation of gelattn. 

Jla17 (1885) at a later date also observed that pyrrole 

oould be liberated from proteins by dry distillation. 

Ber.Dheimer (1881) obtained pyrrole from ooffee and in 

1909 Lehmann (1909) reported its presenoe in tobaooo 

smoke. 

Reoent~ Visco (1930) found that heating oer­

tatn amino acida with fused Boda produced heterooyclio 

substances whioh gave the PJrrole reaotion. The amino 
<-

aoida of the aromatic aeriee did not andergo this trans-

formation. 

Later I'romm (1935 ) dr7 distilled gelatin ana 

determined the amount o:f pyrrole in the distillate b7 the 

use of a step photometer. He oondensed pyrrole with 



1sattn tn ao1d solution to obtain pyrrole-blue.and from 

measurements of the intens1tl of this oolour he oaloulated 

the peroentage of pyrro1e in the sample of gelatin. 
" 

Fromm (1937) has applied his method to the 

determination of pyrroles in tobacoo smoke. 

~om an examination of the bydzo~y~~. products 

of gluten. Pieroni (1932) oonoluded that pyrroles were 

present as shown by their reaotion with p-bromoph~l­

asOlqoarboxam1de and With the diuonium aalt of anthran­

ilic ao14. He found that ary distillation left a graph­

i tio residue which was pyrro110 ~ charaoter and that the 

distillate oontained pyrroles &s well as pyridine. 

Honosto (1933) reported the presenoe of pyrrole 

nuolei in the trlPtio hydrolysate of gliadin. He found 

that when oorn meal or gliadin was subjeoted to pepti0 

digestion alone, or to tryptio digestion preoeded b~ pep· 

tic digestion. a oolorless or Slightly yellow hydrolJaate 

was obtained. On the other hand, the hydrolysate from 

trlPtio dise.tion whioh was not preoeded b7 peptio diges­

tion turned brownish at the end of the digestion and dars 

later graduall~ turned blaCk. Tyrosinase was not deteot­

ed in the gliadin. A positive test for pyrrole nuolei 

was obtained When the tr,rpti0 hydrolysate was treated with 

oertain diazonium salts. It is interesting to note that 

he was unable to .aoure a positive test for the pyrrola 

nuolei in the case ot the hydrolyeate~ of other proteins. 

Expe·r1mente were oarried out by tbe author in whioh 



-8-

gelatin and gliadin were digested b7 trypsin. pepsin and 

papain and in everJ' case the hydrolysate failed to give a 

positive test for pyrrole With Ehrlioh's reagent or With 

isatin in the presence of ao1d. Ronosto (1933) also rep­

orted the use of p-bromopheD71azoXJformamide for the deteo­

tion o~ the pyrrole nuclei in the tryptio hydro17sate of 

gliadin. 

Some years ago Troensegaard (1920) advamoed a 

theor7 that the protein moleoule is oomposed ohieflJ of 

heterooyolio oompounds, and he has made various attempts 

to prove it bJ demonstrating the presence of pyrrole sub­

stanoes in gliadin and gelatin. To avoid the deoomposi­

tion of the Pirrole oompoands he did not ase 801vent~ which 

oontained water, and tn addition he stabilized the pyrrole 

groups bJ' introducing an ao1d radioal. 

Bernardi and Sohwarz (1932) failed to obtain 

even traces of oristalline pyrrolic oompounds which were 

mentioned by Troensegaard in his papers. This failure 

to duplicate Troensegaar4 's work was attributed b7 these 

investigators to the omission of potassium hydroxide and 

the sodium reduotion treatments. !roensegaard found that 

much higher 11e1ds of p7rro1ic compounds were obtained by 

treatment With potassium hydroxide and methyl alcohol. 

Bernardi and Schwarz concluded that the presence of pyr­

roles in the aoet71ated produots from proteins is due to 

seoond&r~ reaotions which vary with the exper~ental oon-

ditions. 



~ualitat1ve and Quantitative Detection of Pyrro*~ 
-' 

Ibe pine";;spl1nter teat. The name pyrrole is 

derived from a Greek word which means -fiery redt~ beoause 
~, 

a pine shaving moistened with hydroohloric aoid develops 

& red colour when exposed to pyrrlle vapour. This reao-, 

tion is also shown by many derivatives of pyrrole. Re­

oent17 Reichstein (1932) has used the pine-Splinter test 

f.~ faran oompounds. He baa observed that mono-substituted 
. ~~. 

furans give a green oolour but that the highly methylated 

furana give a red colour sim1lar to that given by pyrrole 

oompounds. The test for the pyrrole ring with Ehrlioh's 

reagent was also given by highly methylated furana. 

Bhrl1oh' s Reaot~on. Ehrlioh (1901) observed 

that when p-dimethylamino-benza1dehyde was added to cer­

tain pa~holog1o&1 urine an intenee,red colour was produo­

ea.. This reaction applies to all roompoanda whioh have a 

'free hydrogen atom in the ~ position. Tetra-substituted 

pyrroles fail to give the test except where we have a labile 

group suoh as an eater or carboxyl group on the carbon 

atom in the ~ position. ~h1s reaotion was used by Pisoher 
\ 

and'Keyer-Bets (1911) as a qualitative test for pyrrole. 

Later Balkowsk1 (1920) found that when a 1:4000 pyrrole 

solution is treated with • 2~ solution of p-d1methylamino •. 

ben~aldeh14e in normal hydroohlorio aoid the someWhat 

olou41 mdxture becomes rose-ooloured, ohanges to v101~t 

on beating and finally olears. If the mlut10n was first 

warmed, be observed that the violet oolour ap~eared at 
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onoe. It was a180 disoovered that the oolour might be 

intensified by warming with a few drops of hydroohlorio acid. 

It was found to be bleached b7 an exoess of the fuming 

acid. S1m11ar reactions were given by an indole solu-

tion 1:10.000. 

Urk (1929) published a paper on the use of 

p-dimethylamino-benzaldehyde as a reagent for organio 

drugs. £ large number (135) of organio substances, 

mostlJ medicinal produots, were tested for oolour reao­

tions with this reagent. He observed that pyrrole and 

indole derivatives reaot with this reagent but pyridine 

derivatives do not. 

Pyrrola-Blue. Meyer (1883) found that when 

pyrrole was condensed with 1sat1n a blue colour was pro­

duoed. This colour reaotion was used by Oiam1cian and 

Silber (1884) and by Reyer and Stadler (1884) as a qual­

itative test for pyrrole. Apparently it was not used as 

a quantitative method for the determination of pyrrole 

anti1 Fromm (1935) devised his method. 

~he following formQla haa been suggested b7 

Prateai (1933 ) for pyrrole-blue. 

N 
H 



In the general problem of determining the composition 

of pyrrole-blu8 Pratesi found that the I-methyl, I-phenyl. 

X-ethyl and B-aoet71pyrroles do not give any blue prodaot. 

He observed that 2.3-dimeth71pyrrole and 3-metbyl-4-etbyl 
. .~-

pyrrole both gave blue products, C14Hl20lT2 and ~15H140B2 

respeotive1y with the el1mdnat1on of water. However ,he 

failed to secure a blue colour with 2.5-dtmethyl pyrrole 

but 2.4-d1methyl-3-ethJlpyrrole gave a blue product which 

has the formula 016R16012. 

ReoentlJ Stetnkopf and Wilhe1m (1937) have 

determined the moleoular weight of pyrrole-blue. They 

condensed pyrrole With ethyl 1sattn-l-aoetate and obtain-

ed ethyl pyrrole-blue acetate. This blue produot had a melting 

potnt of 35000 and aocording to moleoular weight determin­

ations in various solvents has the formula C33B2806l4. 

!hey ooncluded that the oonstitution aSSigned to pyrrole-

blue by Prates! (·1933 ) oannot be correot. They also 

pOinted out that other pr~o8ed formulae fail to aocount 

for its intense blue oolour. 

Fromm (1935) found that pyridine. pyrroline 

and pyrrol1dtne gave no co1oar with 1eat1n under the oon­

ditions desoribed b7 him. fbis investigator (1937) also 

showed that trJPtophane and indole do not give colour re­

actions with 1eatin. 

Using a step-photometer Promm (1937) prepared 

standard curves for the condensation products of isatin 

with 2.3-d1methyl pyrro1e, with krlPtopyrrole and with 

opsopyrrole. 
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SelenioUB Aoia. ~nt1gn1e (1932) developed a 

oolour test for pyrrole and indole compounds. He foand 

that a de~ violet coloar was produced When an aqueous 

pyrrole solution 1s warmed with 8 to 10 drops of a lO~ 

a.lanious acid solution and 1 ml. of oonoentrated nitrio 

aoi4. It 1s believed that the colour produced in the above 

teat 1s due to the oxidation of selenious acid to selanic 

by nitrio acid and that the selenic a01d in turn oxidizes 

the PlTrole into two ooloured substances. One of these 

compounds 1s red and 1s insoluble in chlorofor.m. whereas 

the other is blue and is ver,r soluble in ohloroform. 

Aocording to Uontign1 •• 0.00004 grams of pyrrole may be 

deteoted by this test. 

Levina' 8 Colour •• aotion. Levine and Richman , e 

(1933) investigated the reaotion of ant1moD7 trichloride 

with compounds containing five membered mono-heterooyclio 

rings. They found that antimony triohloride in chloro-
, 

form gives oharacteristic colour reactions with pyrrole, 

thiophene, furfuran and with more complex compounds con­

taining pyrrole or furfuran oonfigurations. It was observ­

ed that the colour reaction 1s intensified and often mo'd1-

fied b7 the addition of acetic anhydride. 

~eroury Compounds of Pyrrole. It Was observed 

b7 ~1soher and MBller (1925) that pyrrole derivatives of 

the general formala 



(lyrro,le) 2 .. lIgo''' (Bge12 ) 4 

are readily obtained in orystal form by treatment of the 

pyrrole solution in aoetic acid With 4~ mercurio chloride • .. 

Suoh oompoun~B are deoomposed with the regeneration of ,. 

the original pyrrole when the alcoholio or aqueous suspen­

sion is treated with hydrogen snlphide. 

An Unidentified Baae Among the HYdrolytic Products of 
• 

Gelatin 

Van S17ke and Hiller (1921) and Van Slyke and 

Robson (1925) have reported the presenoe in gelatin of a 

new amino acid whioh 1s precipitable by phosphotungsti0 

a01d. On the basie of the elementar7 analysis of the 

ooppe~ salt, a positive test fo~ a pyrrole grouP. and 

the ratio of amino to total nitrogen, the produot was 

oonsidered as being prob&b1y dihydroxy-pyrrole-alantne. 

Aooording to the or! taria whioh have been suggested b7 

Viokery and Sohmidt (1931) the evidence brought out by 

Van Sl7ke and hie coworkers i8 not suffioient to consider 

this substance as one of the acoepted amino acids. Fur­

thermore, Emerson and Schmidt (1934) attempted to isolate 

dihydroxy-pyrro1e-alan1ne from gelatin hydrolysates Wlth-
, . . 

out sucoess. In the conclusion of their paper they po1nt-

ad out that the empirical formula of d1hydroxy-pyrrole­

alanine differs from that of glyoyl-hydroxypro11ne onl7 

b7 having two more hydrogen atoms. On hydrolysis there 
I 

• 
should be no inorease in amino nitrogen. It 1s not i~ 
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possible that this peptide may have been mistaken for an 

apparently new amino ao1d. 

Morse's Qualitative Test for HYdroxy-Proline 

Reoentlr Morse (1933) proposed a new colour re­

aotion for hydroxy-prol~e ani suggested that it would 

be useful in distinguishing the Boleroproteins. The test 

consists of heating gentlJ a mixture of hydroxy-proline, 

s few drops of a secondary aloohol and 0.5 sm. of sodium 

peroxide in & teet tube. Wh,n the oontents of the tube 

are nearly dry it is oooled thoroughlJ under running 

water and then 2 ml. of normal hydroohloric ao1d is added 

to the material in the tube. ~ina1l7 the tube is plaoed 

~n a boiling water bath to develop the charaoteristio 

oolour, an amber rose. Yorsa found that ~f the various 

amino acids obtained by Dakin (1920) from gelatin, on17 

hYdroxy-proline gave a positive test with his prooedure 

as desoribed above. He believed that the hydroxyl group 

18 neoessary because proline fails to give the reaotion. 

Oolorimetrio Methods of De~er.mining Proline and 

!ldroxy-Proltne 
, -

Lang (1933) desoribed a micro-method for the 

determination of proline and hydroxy-proline. !he pro­

tein hydrolysate under oonsideration was treated with 

sodium hypochlorite. This oonverted proline into pyrrol-



ine and hydroxy-proline into hydroxy-pyrroline. Steam 

distillation removed the pyrro11ne and hydroxy-pyrroline 

from the reaction mixture and the total amount of these 

two compounds present in a certain fraotion of the dis­

tillate was determined by means of the colour reaotion 

with Ehrlich's reagent. Another f~act1on of the distil­

late was taken for the determination of hydroxy-pyrroline 

by oondensation with isattn in dilute sulphurio aoid. 

Aooording to Lang the difference between the two determ­

inations gave the amount of pyrroline present in the dis­

tillate. 

Waldschmidt-Leitz and Jkabori (1934) maintain-

ed that Lang's method was baaed on a misapprehension. They 

stated that hydroX7-proline when treated with sodium hypo­

ohlorite g1ves pyrrole in 80~ 11eld and not hydroxy-pyrro11ne. 

~o~~overt the7 claimed that proline does not react with 

hypoohlorite. These investigators applied Lang's method 

to the detection of hydroxl-proline in protein hydrolys-

stes. They were unable to deteot hydroxy-proline in oasein 

and olupein b7 this method but gelatin gave 9-4 and 8-9~. 
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I. A COLORnIETRIO METROD FOR TH8 

DETER1IINATION OF PYRROLE 

Modification of JTQmm's Method for the Determination 

of Pyrrole 

An examination of the literature revealed that 

there were apparently only two quantitative colorimetrio 

reaotions for pyrrole, name17, Ehrlioh's p-dimethylamino­

benzaldehyde reaotion and the formation of pyrrole-blue 

by condensing pyrrole with isatin in acid solution. Since 

it was known that Ehrlich's reagent reacts with so many 

organic compounds it was considered best to study the 

reaotion of ieatin with pyrrole in the presence of a01d. 

A study of Fromm's (1935) method for the deter­

mination of pyrrol~ suggested several possible modifica­

tions and the first part of this investigation is an attempt 

to improve this method. A single-cell type of photo­

electrio oolorimeter equipped with light filters, as 

described by ~elf.n (1936), was utilized to measure the 

intensity of the blue colour which is produced When isat1n 

is condensed with pyrrole in the presenoe of acid. 

Fromm (1935) dissolved freshly distilled pyrrole 

in O.5~ hydroohlorio acid and to al1quots of the pyrrole 

solution he added 2 mI. of 65 hydrochlorio acid and 

diluted to 10 m1. He then added 1 m1. of a so1ut1on of 

O.05~ isatin in acetic acid and heated th~s mixture for 
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10 minutes on a boiling water bath. At the end of that 

time the solution was cooled to room temperature and the 

intensity o~ the colour measured ~n a step-photometer. ~ 
It was pointed out by Fromm (1935) that when the 

pyrrole was dissolved in 0.5% hydroohlorio aoid there was 

a distinct 10SB of pyrrole after the solution had stood 

for only two days. Thus, he foand that after standing 

for one da7 the pyrrole content of a solution of freshlJ 

distilled pyrrole in 0.5~ hydroohlorio aoid was 80.3~ of 

the original, and at the end of three dars it had deoreas­

ed to 67.3~. The author found th&t O.5~ aoetic aoid was 

a much better solvent for pyrrole from the standpoint of 

keeping qual1t~. This was observed both qua11tstlvelJ 

and quantltstlvelJ. In a few days a solution of pyrrole 

in O.5~ hydroohloric acid becomes light yellow in colour. 

whereas when 0.5% aoetio aold is ueed as the solvent the 

solution is clear at the end of two months. The pyrrole 
J 

oontent of a solution of pyrrole in O.5~ aoetic acid was 

deter.m1ned at intervals for seventy days and decreased 

only 1.97~ at the end of that time. 

~eriment8 were performed to show the effeot 

of the oonoentration of hydrochloric acid on the forma­

tion of pyrrole-blue. The intensity of the colour was 

measored by the photoelectrio oolorimeter, uSing a light 

filter of a wave length of 660 millimicrons,aad the data 

obtained are given in Table I. 



Table I 

The Effect of Hydrochloric Acid on the Pyrrole-Isat1n 
Colour 

B)drochloric aoid 
{Kormali ty) 

GalV~6 ometer Reading 
(bbO 1'11ter) 

89·00 
rz~.oo 6 .00 
5 .00 
52.00 
47.09 
42.00 
37.00 
34·00 
31 .00 
3°·00 
?g.OO 
28.00 

~aminat1on of these data reveals that the conoen­

tration of hydroohloric aoid bas a marked effeot on the 

production of pyrro1e-blue. It is to be noted that a 

high reading on the galvanometer denotes a low oolor in­

tensity. whereas a low reading signifies a high color 

1ntensi~. It was deoided to use 6 B hydroohlorio acid 

ani this is obtained in practioe by the addition of ex­

aotlJ 1 ml. of ooncentrated hydrochlorio 801d (12 B) to 

the one ml. of pyrrole solution under consideration. 

B7 experiment it was found that 0.2 mI. of 0.5% 
isatin in glaoial acetic acid was the most sat1sfaotor7 

amount of this reagent to add to the reaction mixture. 

~ore of this reagent might inorease the intensity of the 

pyrrole-blue but it woald give too high a reading for 

the blank determination on the galvanometer. 



Fromm (1935) brought about condensation of the 1sattn 

with pyrrole by .heating on a boiling water bath for 10 

minutes. It was found that under the conditions used here 

this heating could be eliminated and the maximom 1ntensit,. 

of colour was deve10ped by standing at room temperature 

for five minutes. This faot was established by the follow­

ing experiment. ~our 1 ml. &liquots of a freshl1 prepared 

pyrro1e solution in O.5~ acetic aoid were plaoed in 10 mI. 

slass-stoppered graduated oy1inders. To eaoh of these 

was added 0.2 mI. of 0.05% isatin and 1 ml. of conoentrat­

ed hydroohloric ao1d. They were allowed to stand at room 

temperature for 5. 10, 15 and 20 minutes,respectively.be­

fore dilution With 95% alcohol. The observations are 

reoorded in Table II. 

Table II 

~h. Effeot of Time of Standing on the Pyx-role· 
Isatin Colour 

~ime of Standing 
(minutes) 

5 
10 

15 
20 

Galvanometer Reading 
(660 filter) 

31.25 

32 .50 

32.00 

32 .50 

After the reaotion mixture haa stood for 5 mtnut~8 

1 t is d11uted to 10 ml. t mixed thorough17 and place' in 

a oolorimeter tube. It was found by- experiment that 
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dilution With 95% ethyl alcohol produces a more intense 

blue colour than dilution with water. 

It was also observed that the blue colour was quite 

stable after dilution With alcohol. ~en after two hours 

from the time of adding the alcohol the intensity of the 

oolour as measured by the oolorimeter was almost the same 

as when it was first produced. 
\ 

~nall7t ~ommts (1935) method for the determina­

tion of pyrrole was mOdified to the following: transfer 

1 ml. of the pyrrole solution. oontaining 5 to 30 mdcro­

grams of pyrrole per ml. t to a 10 ml. glBss-stoppered 

graduated oylinder and add 0.2 ml. of O.05~ solution of 

isatin in glacial acetic aoid and 1 mI. of oonoentrated 

hydroohloric aoid. After five minutes dilute to 10 ml. 

~th 95~ alcohol. The pyrrole-blue oolour is measured 

with an ~elJ.n photoelectric colorimeter, USing a 660 

light filter. 

!be above prooedure was applied to several pyrrole 

derivatives whioh were available. Indole. 2-oarbethox.r­

PJTrole and 1.2-d1carbethoX7 pyrrolidine gave a negative 

test. whereas 1.carbethoXlPyrrole gave pyrrole-blue oolour. 

Preparation of the Calibration Ourve for the Ieatin­

Pyrrole--Blae Oolour 

0.3063 g~ of freShly distilled pyrrole was diluted 

to 2 litree with O.5~ aoetic acid. Aliquots of this solu­

tion were diluted so as to give a number of pyrrole solu­

tions ranging in concentration from 8 to 46 mdcrogrsme 
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of pyrrole per ml. In all oases sufficient glacial acetio 

acid was added before dilution with water to make a 10% 

aoetic acid solution. ~he pyrrole-blue colours were 

measured acoording to the above procedure. The data obtain­

ed are reoorded in Table III. From tbese data a oalibra­

tion curve was prepared, whioh is shown in Figare I. 

To compensate for any colour due to reagents, a 

blank determination was performed using 1 ml. of distilled 

water instead of 1 mI. of pyrrole solation. and the usu~l 

method was followed. The blank was placed in the oolor­

imeter and the rheostat was BO ad~usted that the glavan­

ometer showed a reading of 100, the 660 filter being used. 

On removal of the blank the galvanometer reading was found 

·to be 62. The galvanometer was always ad3usted to this 

reading before measurements of the pyrrole-b1ae colour i~­

tens1t7 were made. This procedure was used to avoid pre­

p~rat1on of a blank at too frequent intervals. 

E«am1nat1on of Table III shows that the iastin-

pyrrole reaction conforms to Beer 'a law. 1~is law oan 

be expressed mathemat1callJ as follows:-

2-108 G II X 
- 0 --

where C is the conoentration, G 1s the galvanometer 

reading (tables of 2-10g G are provided with the in­

strument), and X is a oonstant. B7 oa1calat1on the mean 

value of X was found to be 0.0321 ! 0.0010. With a max-
-

imam variation of 0.0°31. ~rom the straight line rela-

tion between PlTro1e concentration and 2-log G. as shown 

in ~1gare I. it 1s evident that K is conatant over the 

• 
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range plotted. 

Table III 

To Show that Be.~t8 Law Applies to the Pyrro1e-Blue 
Colour 

0 G L K 
Concentration Galvanometer L • 2-Log G 2-Loi G - X o:t Pyrrole Reading --0 -
(y per ml.) (660 I'1lter) 

7.66 60.00 0.2218 0.0290 
11.!~ ~.oo g:l~~g 0.0~11 
15· .00 0.0 2§ 
19.11 22·50 0.64 0 0.033 
22·S 17·75 0·es1O 0.0327 
26. 0 13·00 o. 60 0.0331 
30.64 10.00 1.0000 0.0326 
3~.47 l·5O 1.1260 0.0321 
3 ·30 .00 1.2220 0.0319 
42.1.~ 4·00 1.3980 0.0332 
45·9 3·75 1.4260 0.0310 

lIean Value of K· 0.0321 ! 0.0010 

When the 1ntenBit~ of pyrrole-blue oolour is 

determined br the defleotion shown on the galvanometer. 

the conoentration of py.rrole may be obtained by reference 

to the ca11bration curve as Shown in Figure It or. sinoe 

the reaction oonforms to Beer's Law, it may be calculated 

from the following relation: 

o = 2-l!g G 
X --

!he Determination of Small Amounts of Pyrrole by Preoip­

itation with Mercurio Chloride 

In the searoh for pyrro1e in biological mater-

ials it was foand neoeseary to have available various 
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Figura 1 

Calibration Curve for pyrrole 
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means of extraoting small quanti ties of pyrrole from cer­

tain mdxturee. For example, When a protein hydrolysate 

or a distillate from the dry distillation of a protein 

was ander consideration. it was found that coloured ~ 

purities often interfered with the aoourate colorimetric 

determ1~t1on of pyrrole. Plrrola oan be preoipitated 

from solution by merouric Chloride.and this faot haa bean 

utilized in the quantitative est1matlGD of pyrrole. 

Fromm (1935) reported the determination of quan­

tities as small as 1.41 mg. of pyrrole perml. by means 

of preoipitation with mercuric Chloride. He washed the 

precipitate with alcohol several times and dissolved it 

b7 warming With 1 ml. of a solution of 5~ aodi~ oyanide. 

The solution was made up to 100 ml. and the oolorimetry 

performed on an aliquot. 

A study has been made of the use of merourio ----- -~ ----
ohloride as a preoipitating agent for pyrrole from salo­

tion. and it has been shown that veri small quantities 

of pyrrole m87 be determined by this method. 

Experiments wer~ next_performed to study the -
effect of various waShing agents. ~hU8t 1 ml. of a 

pyrrole solution was plaoed in each of six oentrifoge 

tubes and 2 ml. of a saturated mercurio ohloride solU­

tion was added to eaoh of them. They were allowed to 

stand for 15 minutes and then centrifuged, after whioh 

the supernatant liquid was poored off oarefalll. 



Table IV 

!o Show the Effects of Various Washing Agents on the 
Pyrrole-Yerour1c Chloride Precipitate 

Experiment Washing Agent Used Galvanometer Loss of 
lto. Reading Pyrrole 

(620 filter) ~ 

1 lIo washing 70.00 0.0 

2 Distilled water 72.00 7·1 

3 Et1ql aloohol 97·00 85·0 

4 Bthyl aloohol (95~) 
• mercurio ohloride 

(l~) 80.00 38.5 

5 Kethyl aloohol (pare) 96.00 80.0 

6 Iletlql a1oohol 
+ mercuric chloride 
- (1,&' 91.00 70.0 -

Eaoh preoipita.te was treated tw.i. 08 wi th 5 ml. 

portions of different washing agents. The precipitates 

were in ever7 oase dissolved, by warming on a boiling water 
r 

ba.th with 1 ml. of a 5~ solution of sodium oyanide. The7 

were then oooled and made up to 10 ,ml. with distilled 

water. 1 mI. was taken for the 1satin colour reaction. 

The data obtained are shown in Table IV. 

It is evident that washing Wi th aloohol is un-

sstisfaotor7 as 85% of the pyrrole was lost when 95~ 

etb71 aloohol was ueed and 80% when pare methyl alcohol 

was the washing liquid. When 8 1 % solution of mercurio 

ohloride in eth71 alcohol was used the loss of pyrrole 



was maoh less. name17 38.5%. but with a l~ solution of 

mercurio chloride in methyl aloohol the 10SB was 70%. 
It is difficult to see how Fromm (1935) was able to secure 

such a high reoovery of pyrrole by this precipitation 

method when he ased aloohol as the washing agent. He 

reported as high a8 98.5~ recover~ of pyrrole. 

~eriments were oarried out in which the pyrrole­

merourio chloride complex was decomposed with hydrogen 

sulphide. ~h1s had the advantage. also. of removing the 

merour,J from sOlution as the sulphide. However. the use 

of hydrogen sulphide to dissolve the precipitate did not 

lend itself to quantitative recovery of pyrrole. It was 

found that O.5~ hydroohlorio ao1d decomposed the oomplex. 

and it was used instead of the sodium oyanide for that pur-

pose. 

After muoh prelim1n~ work the fOllowing method 

was adopted:- 5 ml. of pyrrole solution was plaoed in a 

15 ml. graduated oentrifUge tube and to it was added 5 mI. 

of a phosphate buffer solution (pH 6.3). Then 5 ml. of 

a saturated aqueous solution of mercuric chloride was 

introduced into the tube with vigorous stirring. The 

mixture was allowed to stand for one hour. and at the 

end of that time it was centrifuged for 10 minutes. The 

precipitate was washed tWioe With 10 mi. portions of distil­

led water. After eaoh wasbing the sopernatant liquid 

was removed carefulll by suction. The preoipitate was 

dissolved in 15 ml. of O.5~ hydroohloric aoid and made 
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up to 50 ml. with distilled water. 1 ml. was used for 

the isatin oolour reaction. 

~hus, 5 mI. o~ a pyrro+e solution oontaining 

0.1586 mg. of pyrro1e per ml. was treated aooording to 

the above prooedure, and 96.47~ of the pyrrole was re-

oovered. 

The Determination Of Pyrro1e by means of Ether ~traot1on 
• 

It was also deemed advisable to have a metho4 

available for the extraction of pyrrole by some solvent 

such as ether. Many experiments were done before a 

quantitative method was evolved for the extraction of 

small quantities of pyrrole from an aqueous solution b7 

ether. 

The first attempts oonsisted of extra,ct1ng 

10 ml. of pyrrole solution in 0.5% aoetic a01d three 

ttmes with 10 ml. portions of ether. The oombined extracts 

were dropped elowlJ onto 10 mI. of 5% acetic acid in a 

micro-Kjeldahl flask which was placed in a beaker of 

warm water (50-60°0). When all the ether had been evap­

orated off, the contents of the flask were made up to 100 

ml., and 1 mI. was taken for the 1satin oolour reaction. 

In exper~ents carried out aooording to the above pro­

oedure the reoovery of pyrrole waS about 65%. 
An increase in the amount of pyrrole recovered 

was observed when the s01ution was extracted 5 times with 



5 ml. portions of ether and when suction was used to 

assist the evaporation of the ether. However, the re­

covery was still far from quantitative, and it was not 

anti1 the idea of plaoing a trap oontaining acetic ao1d 

between the flask oonta1n1ng the ether and the suotion 

line that a bigh percentage of pyrrole was recovered. 

The importance of using a trap in this determination is 

evident from a study of Table V. When a trap was used 

94.0~ pyrrole was recovered, whereas when it was omitted 

onll 27.0% pyrrole oould be measured in the solution 

after the ether had bean evaporated off. 

Table V 

To Show that a ~ap 18 Neoessary during the Evaporation 
of Ether in the Dete~ination of Pyrrole 

Description of Galvanometer Pyrrole Reoover7 
experiment ReacJ1ng Reoovered 

(660 filter) (I per ml,) per cent 

-- - - .' -- - - -------_ ..... 

lIo extraotion 32.75 15·11 100.00 

~her extraotion 
with trap 35·00 14.21 94·00 

Ether extraotion 
wi thOllt trap 74.00 4.08 27·00 

• 

This method was nsed to a oonsiderable extent 

in this investigation,and whenever it has been Employed 

the above prooedure has been adhered to. 
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• 

II. THE FO~ION OF PYRROLE FROM PROTEINS 

!he Determination of Pyrrole in Proteins and other Biological 

,Materials by Dry Distillation 

In Gelatin. It has long been known that proteins 

71eld pyrrole on dry distillation, and since gelatin i8 

read11~ available in a relatively high degree of purity. 

it was selected for use when commencing studies on the dry 

distillation of proteins. 

After a few preliminar.y expQr1ments. the follow-

ing prooedure was adopted:- A weighed sample (e.g. 0.1 gm.) 

of powdered gelatin was introduced into a soft glass test­

tube (5/8 x 6 ins) and t~e tube. afte~ be1ug softened, was 

drawn oat and bent at an angle of about 45° as shown in 

figure II. fhe tube was held b7 a olamp so that its mouth 

was below the surfaoe of an aoetio 80id solution (10 ml. 

of 5~) contained in a 30 ml. beaker. The teat tube was 

heated gentlJ at first and then the amount of heat applied 

to the tube was gradual17 i·noreased to redness. Heating 

was oontinued until no more vapour distilled over. !he 

deliver7 tube was severed 3ust above the shoulder and 

Dsed as a funnel when the contents of the beaker were 

transferred to a 100 ml. volumetric flask. The solation 

was diluted wi th water to the mark, thoroughly mixed, and 

1 ml. was taken for the oolour reaction with isatin. The 
• 

1ntena1t7 of the pyrrole-blu8 was measured b7 means of 

the photoelectrio oolorimeter, using the 660 light filter. 
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Pigllre II 

Distillation Apparatus 

J I 
I I 
J I 
~.-.. ~ 
I;..--~' 

• 



In all oases a blank determination was made 

~s ~l~eadJ described. The solution for the blank con­

sisted of 1 ml. of the gelatin distillate to whioh had 

been added 0.2 ml. of glaoial acetic acid and 1 ml. of 

oono. hydroohloric acid. 

Bzamination of the data 1~ Table VI shows 

that oonstant results oan be obtained by this method. 

!he conoentration of pyrrole was oalculated from Beer's 

law equation nsing the mean valae of 0.0321 for X a8 

obtained in the preparation of the oalibration oarve. 

~e mean value of 9 determinations was 1.201 I 0.075 
with a maximum deviation of 0.145. 

The gelatin distillate obtained by dry dia­

t_illation contained coloured impuri ties and various 

devioes were tried to remove them before determining 

the pyrrole. It was fODnd that aluminium oxide did not 

aisorb the ooloured impurities in the distillate and 

oharooal (Borite) also failed to adsorb them. Lloy4's 

reagent, however, adsorbed the oolour and did not ad-

sorb pyrrole trom solution. Thus 5 ml. of a pyrrole solu­

tion was diluted to 50 ml. with 0.5% aoetio aoid ani 

three lP ml. portions were plaoed in oentrifuge tubes. 

Various amoonts of Lloyd's reagent were added to two of 

the tubes, and the oontents were stirred vigo~ouslJ for 

5 minutes. The7 were then centrifuged for 10 minuteSt 

and 1 ml. was taken from each tube for the isatin ooloar 

reaction. The observations are reoorded in Table VII, 



and it is evident that Lloyd fa ~eagent does not adsorb 

pyrrole to any appreoiable extent. 

Table VI 

Deter.m1nat1on of Pyrrole in Gelatin Distillates 

. - . - -

Weight o:f Galvanometer Conoentration Yield 
lample Reading of Pyrrole Perl Cent 

(gIna. ) (660 filter) (Y'per ml.) 

I,' 

0.100 43·00 11.43 1.143 
0.100 45·5° 10.66 1.066 

0.100 42.00 11.74 1.174 
0.100 43·00 11.43 1.143 
0.100 40.25 12·3° 1.23° 
0.100 37.00 13·46 1·346 
0.100 37·50 13.27 1.327 
0.200 16.00 24.80 1.240 

0·300 8.00 34.17 1.139 

Yean Yield (9 determinations) 1.201 t 0.075 

Tabla VII 

Data Obtained from Adsorption ~perimente with Lloyd's 
. Reagent 

Lloyd's 
Reag.at 

(sma) 

0.0 

0.2 

- ,-

Galvanometer 
Readings 

(660 filter) 

---'-----

33·50 

34.00 

35. 25 

Conoentration 
of Pyrrole 
after use of 
re~en~ 
(Y per'ml.) 

14.80 

14.61 

14.11 

Reooverz 

Per Oent 

100.00 

98.73 

95·37 
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Dr7 Distillation of Some Other Proteins. It 

has been known for sane years that proteins yield pyrrole 

on dry distillation. bat no quantitative experiments were 

performed,as far as the author is aware, until Fromm (1935) 

determined the concentra.tion af pyrrole in the product 

obtained by the dry distillation of gelatin. The method 

here described for the dry distillation of gelatin has 

been applied to a namber of proteins and the data obtain­

ed are shown in Table VIII. !he Jields obtained are low, 

but the results indicate quite definitely that these pro­

teins oontatn some substance or substances which yield 

,yrrole on dr,r distillation. 

Table VIII 

D.te~nat1on of Pyrrola in Some other Proteins 

Protein Weight Volume of Galvanometer Conoentra- Yield 
of Distillate Reaatng t*OD 01 of 

Sample (ml.) (660 filter) pyrrole in Pyrl'ole 
(gm. ) distillate Per 

(r per ml) Cent 

Casein 0.21 50 66.00 6.00 0.14-

Glaten 0·58 100 46·50 I 10·34 0.18 

Gliadin 0.23 50 47·50 10.06 0.22 

Glutenin 0·43 50 36.00 14·00 0.16 

Egg .Albumin 0.20 50 72.00 5. 00 0.13 
- 81·50 3. 25 0.03 Laotalbumin 0.52 50 

Bdestin 0.10 25 83·00 2.52 0.06 
• . ~ 

---------~ --- - -- ----------------- -- - - - -



Dry Distillation of Chlorophyll. A solution of 

pure ohlorophyll (Soher1ng-Kahlbaum A.G. Berltn) was evap­

orated to dr,rness on a steam bath and 0.0776 gm. of dr7 ohlor­

oph711 was dry distilled tn the usual manner into 10 ml. 

of 5~ acetic acid. The distillate was f1ltered and dilut-

ed to 50 ml. with water. The distillate was olear and no 

oil was observed on it. One ml. was taken for the i&atin 

reaction. Bo pyrrol.~blue colour was observed. This was 

au interesting observation and indioated that the dr7 dis­

tillation method oould not be used to dete~ne the total 
• 

amoant of pyrrole nuolei present in plant- materials. Ho .... 

ever, the dry distillation metbod i8 still of va1ae as an 

aid 1n determining what materials oontain proteins oapa~l. 

of prodooing pyrrole by 8uoh treatment. The following ex­

periment illustrates this point. 

Dr7 Distillation of Corn Leaves. A small amount 

of pulverized corn leaves was dry distilled in the usual 

manner. A positive test fo~ pyrrole was observed. 80 it 

was ooncluded that the protein material in the corn leaves 

was probablJ responsible for the prodaction of pyrrole. 

!!l Distillation of .Ammonium Yocst.. !he follow-
-

1ng experiment was performed to asoertain the reliabilitJ' 

of the author's dry distillation method as compared with 

similar prooedures of other investigators. 0.5 gm. of muoio 

acid (X&hlbaum) was dissolved in a few ml. of oonoentrated 

ammonium hydroxide and the solution was evaporated to dr~-
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ness on a water bath. A white powder was obtained, and 

0.1348 grams of this material was dry distilled in the' 

usual manner. A 71eld of 37.15% pyrrole was obtained, 

which oompared favourablY With values reported by MCSlvain 

and Bollinger (1929) who obtained 37 to 40 per cent yields 

of pyrrole from the dry distillation of ammonium mucate. 

A Searoh for Pyrrole in the Enzymio Bldrolyeates of Oertain 

Proteins 

Pieroni (1932) and Ronoato (1933) reported the 

presenoe of P7lTo1es in the hydrolysis produots of glutenin 

and gliadin,and Troans.saard (1920) had previously brought 

forward evidenoe to support his view that the protein mo~e-

cale is oomposed ohieflJ of heteroolclio compounds, largely 

of the pyrrole tJPe. Other investigators have failed to 

substantiate the work of the above-mentioned investigators, 

and hence the pyrrole hJpothes1s concerning the structure of 

proteins has reoeived little support d~r1ng recent years. 

However, proteins are usual1J hydro1ysedb¥ acids or bases 

and these compounds are known to be capable of destroying 

the pyrrole molecule. ~s might be an explanation of the 

absence of pyrrole in the protein hydrolysatea. 

Honoato (1933 ) used enBJ,m8s in hie work and un­

der the oonditions of his experiment he obtained a positive 

teat for pyrrole nuolei in the trJPt1c hydrolysate of 
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gliadin. However. he was unable to secure a positive test 

for pyrrole nuolei in the oase of other proteins, and 

therefore it 1s hardly oorreot to maintain that he defin­

itelJ established the presenoe of pyrrole nuolei in the 

anzy.mic hydrolyBates of proteins. 

In an attanpt to substantiate Ronoato's work, 

it was deoided to subjeot a number of proteins to enzymio 

hydrolysis,and the isat1n ooloar reaotion was ueed to 

ascertain Whether free pyrrole was produced during the 

ooarse of the digestion. Details of these experiments are 

desoribed below. 

!rlPtio Digestion of Gelatin. To 1 gm. o~ powder­

ed gelatin tn a 125 ml. ~lenmeyer flaSk was added 0.25 am. 
of U.8.P. trypsin and 25 mI. of a O.4~ solution of sodium 

oarbonat •• together with a few drops of toluene whioh served 

&& a preservative. The mixture was incubated at 38°0. 

~ter 6 hours from the time of making up the digest, 1 ml. 

was filtered and the isatin test tried on it. The teat was 

negative. At the end of one. two, three, and four dSiB 

the colour reaction ~or pyrrole was made on 1 ml. of the 

filtered hydrolysate, and in ever~ oase it was negative. 

After 5 da18. the digest was filtered and ex­

traoted three times with an equal volume of ether. The 

oombined extracts were added to 10 ml. of 0.5% acetic 8c14 

in a 100 ml. volumetrio flask and the ether distilled off 

under diminished pressure at a temperature of 30-40°0. A 
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tr~ containing 10 ml. of glacial.aoetic acid was plaoed 

in the suotion line between the volumetric flask and the 

suction pump. When all the ether had been removed, the 

contents o~ the trap were added to the volumetric flaSk. 

and then 10 ml. of a saturated solution of mercuric chlor­

ide was added with vigorous stirring. The mixture was 

allowed to stand for two hours and at the end of that time 

no precipitate was observed. This was additional evidence 

that in this 8xper.iment no PJrrole was produced by the ac­

tion of t~8tn on gelatin. 

Peptic Digestion of Gelatin. To 1 gm. of powdered 

gelatin dissolved in 25 ml. of distilled water was added 

0.1 gm. of pepsin dissolved tn 25 ml. of 0.1 N hydrochlorio 

acid. This mixture was digested at 38°0 for foar dalB, and 

1 ml. filtered off each da7 for the oolour test for pyrrole. 

In all cases a negative result was obtained. At the end of 

the fourth da7 the digest was filtered and 10 ml. of satur­

ated merouric chloride was added to the filtrate. Bo pre­

cipitate was observed which supported the negative findings 

with isat~. 

~elt10 Digestion of Crud~ Gluten. fo 1 gm. of 

pulverized crude gluten waS added 0.1 gm. of pepsin dis­

solved in 60 ml. of 0.1 N hydroohloric acid and this mix­

ture was placed in an incubation cabinet at 388 0. for 6 

daY8. The 1sattn teet was performed on 1 ml. of the fil-



tared hydrolysate on the second, third and sixth days, and 

in every as .. a negative result was obtained. 

Digestion of Gelatin with Pap!1n. !Co 1 gm.. of 

gelatin dissolved in 50 ml. of water was added 0.2 gm. of 

papain and the solution was saturated with hydrogen sulpb­

ide to activate the papain. The solution Was kept at 38°0 

for 3 d8Y8. Testa made with 1satin on the filtered hydrolYs­

ate every day daring the period of digestion Showed the ab­

sence of pyrrole. 

At the end of the th1rd day, 15 mI. of the filtrate 

was extraoted three times with 15 ml. portions of ether. 

The oombined extraots were treated in the usual way, and 

1 mI. of the resulting solution failed to give the PlTrole 

teet With isat1n. 

~rJRtio Digestion of Flour. A mixture consisting 

of 20 gm. flour, 0.5 gm. trypsin, and 100 ml. of 0.4~ 

solution of sodium carbonate was placed in the 1ncubat~on 

oabinet at 380e for three days. 1 ml. of the filtered 

bydrolyaate was treated with isatin every day during the 

period of digestion, and negative results were obt&ined 

in all oases. 

!rlPt10 ~ge8t1on of Crude Gliadin. To a mdxture 

of 0.365 gm. of crude gliadin and 25 ml. of a phosphate 

buffer solution of pH 8.1 was added 0.5 gm. of trypsin. 



-37-

After shaking the mixture 1 t was plaoed in the inoubator 

at 3800 for eighteen days. At the end of the first, fourth, 

seventh. and eighteenth day, 1 mI. of the digest was fil­

tered and the colour test for pyrrole With isatin perform­

ed. In ever7 o&se it was negative. 

D1gest1on of Gelatin with Papain at a pH of 4.9. 

A mdxture consisting of 1 gm. of powdered gelatin, 0.4 gm. 

of papain, 50 mI. of a pho~hate buffer solution of a pH 

of 5.6. and 5 drops of toluene was saturated with hydrogen 

sulphide. After this treatment. the pH of the solution was 

determined b7 a Hallige pH meter and found to be 4.9. The 

digest waS then placed in the inoubation oabinet at 38°0 
tor seventeen days. After three. six, and seventeen days 

1 ml. of the filtered hydrolysate was tested for pyrrole 

in the usual way and in all oases a negative result was ob-

tained. 

Dtgest10n of Gelatin With Papain at a ~H of 6.3. 

TO 1 gm. of powdered gelatin was added 0.4 sme. of papain 

and 50 mI. of pho~hate buffer solution (pH of 7.1). To 

this Ddxture was added 5 drops of tolaene, 8S a preservative. 

but in this experiment no hydrogen sulphide was introduced. 

The pH •• determined b7 the Hellige meter Was found to be 

6.3. !he digest was kept at a temperature of 38°C for 

seventeen days. and tests performed on filtered portions 

of the hydrolysate at various intervals of time during 

this period failed to reveal the presenoe of pyrrole. 



Trzpt10 Digestion of Gelatin at a pH of 8.1. 

A ~ure of 60 mI. of 0.4% sodium carbonate, 2 gm. of 

gelatin, 0.5 gm. of trypsin, 5 drops of toluene and 50 
mI. of phosphate buffer (pH of 8.7) was prepared, ana 

the pH of this mixture as determined b7 the Hellige meter 

was found to be 8.1. It was then digested at 3800 for 

3 days. At the end of that time the digest was filtered 

and 1 ml. of the clear light yellow filtrate failed to 

give a colour reaotion with iaatin. 

jn exoess of triohloraoetic acid was added to 

5 mI. of the filtrate and no precipitate was observed. 

This indicated that the gelatin had been oompletelY bldro­

lysed. 

5 mI. of the filtrate was aoidified with glacial 

acetio ao1d and then treated with an equal volume of satur­

ated merouric ohloride. No precipitate was observed, whioh 

substantiated the negative result obtained with isatin. 

To asoertain whether the substance whioh produoed 

pyrrole on dry distillation was still present in the hydro­

lysate, the following experiment was performed. The fil­

trate from the above experiment was distilled under dimin­

ished pressure at 40-50°0. When the frothing in the dis­

tilling flask prevented further reduction in volume. the 

residue was placed in an evaporating dish and evaporated 

to dr.v,neS8 in a vaouum oven at 50-600. A light brown 

atlcki residue was obtained. 0.1017 gm. of this material 
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was d~ distilled in a test tube in the usual manner, and 

the distillate was made up to 100 ml. with water. A read­

tng of 41.0 was observed on the galvanometer, using the 

660 light filter. and reference to the calibration curve 

in Il,ure I showed that 12 micrograms of pyrrole were pres­

end in 1 ml. of the distillate. B,J calculation it was 

foand that the total amount of_pyrrole in the distillate 

was 1.2 m~. or 1.18% of the sample. Bine dr7 distillation 

experiments with powdered gelatin gave a mean value of 

1.201~ and 80 the above experiment indicated conolusive-

lY that the pyrrologan10 material was not destroyed during 

the trJPtio digestion of gelatin. 

~he Determination of Pyrrole in a Sodium Hydroxide Hydro­

lysate of Gelatin . 
It is evident from the above experiment that the 

P1rro1e producing substance is not destroyed during the tryp­

tio digestion of gelatin. To discover whether sodium hydrox­

ide hydrolysis would destrol .the pyrrologen1c material tbe 

following experiment was performed. 

A 5 gm. sample of gelatin was hydrolysed with lO~ 

sodium bydrat1da and the hydrolysate was neutralized with 

oono. hydroohloric aOid. The tyrosine was filtered off 

and the filtrate concentrated under diminished pressure 

to a small volume. The oonoentrated solution was evapor-

ated to dryness on a water bath. The residue weighed 10.8 



grams and 0.7256 gm. of this was dry-distilled in the Dsual 

way and the distillate was made up to 100 ml. The galvan­

ometer reading observed was 16.00, using the 660 light filter. 

and from the calibration curve it was found that the distil­

late contained 2.4 mg. of pyrrole. Oalcalations showed 

that the total residue was capable of producing 35.72 mg. 

on dr7 distillation and hence the yield of pyrrole was only 

0.71~ after lqdrolysis wi tl1 sodium hydroxide as compared 

with 1.201% for unh7drolJsed gelatin. 

An Attempt to Detect Pyrrole duriAg the Course of Ildro­

lys1s of Gelatin with Sodium Hydroxide 

ITom the above it is evident that a fraction of 

the pyrrole producing substanoe was lost during hydrolysis 

with sodium hydroxide. There was the posSibil1t.J that 

part of it might have been converted into- free pyrrole dur­

ing the course of hydrolySiS, and that the free pyrrole 

so formed might in time be destroyed by the sodium hJdrox­

ide. To test this belief the following experiment was oon-

daoted. 

A 5 gm. sample of gelatin was refluxad with 100 

ml. 10% sod1Qm hydroxide for 1 hoar. At the end of that 

time 1 mI. of the solution was taken for the isattn colour 

teat. mo pyrrole-blue was observed. 

At the end of 2.5 hours. 10 ml. of the bydro­

lysate was extraoted three times With 5 mI. portions of 

ether. The combined extraots together With 10 mI. of 5~ 
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acetic aci4 were plaoed in a flaSk and using a trap con­

taining 10 ml. of 5% acetic aCid. the ether was distilled 

off under reduced pressure at 30-4000. The oontents of 

the trap and flask were made up to 25 ml. and the isatin 

oo1our test was performed on 1 ml. It was negative. 

After reflux1ng for 6.5 hours the hydrolysate 

failed to give a biuret test.and 10 ml. was extraoted three 

times with 10 ml. portions of ether. The ether was dis­

tilled off in the Dsual manner and the residue made up to 

50 ml. Again the colour test for pyrrole With 1satin was 

Degative. and. furthermore, the addition of saturated mer­

curio chloride to the solution gave no preoipitate. 

Steam Distillation of Pyrrole and Gelatin Solutions. 

The failure to detect pyrrole in the above experi­

ment suggested that it might have been destroyed by the hot 

sodium hydroxide as fast as it was produced from the pyrrolo­

genic material. Pyrrole is volatile wi th steam but 1 twas 

not kno~ whether it could be steam distilled from concen­

trated alkaline solution. If it were possible to recover 

pyrrole quantitatively from conoentrated alkaline solutions 

bl steam distillation. one mdght be able to detect it in 

a gelatin hydrolysate With sodium hydroxite. With this 

idea in mind, the following experiments were performed. 

To 0.1040 gm. of freshly distilled pyrrole was 

added an aqueous solution of 0.5% acetic aCid, to a volume 

of 2 l1tras. This solution contained 52 micrograms 01 



pyrrole per ml. An aliquot of 25 ml. of this solution was 

diluted to 100 ml. Wit~ 0.5% aoetic aoid and 1 mi. was used 

for the oolour reaction With iaatin. The galvanometer read­

ing is recorded in ~able IX. The above experiment was repeat­

ed exoept that the pyrrole solution was made up with water 

and glacial acetic aoid so that a solution of pyrrole in 

10% acetic acid resulted. Exaotly the same reading was ob­

served on the galvanometer &S in the case of the solation 

of pyrrole in 0.5% acetic aOid. and thus all the solutions 

of PJTrole used in the subsequent experiments were made up 

to volume With 0.5% aoetio aoia. 

Another 25 ml. aliquot of the original pyrrole 

solution was made up to 100 mI. with 0.5~ acetio aoid and 

steam distilled. The distillate was collected in a 250 mi. 

suction flask to whioh was attached a trap containing 10 

mi. of 5~ acetic aoid. steam distillation was oonducted 

for 30 minutes and then the contents of the trap and flask 

were made up to 100 ml. with water. The usual colour ~e­

aotion was perfonned and it was found that the galvanometer 

reading was exactly the same as in the case of the solation 

which had not been steam distilled. 

'0 find out whether the trsp was necessary. the 

above experiment was repeated exoept that the suotion flask 

and trap were replaoed by a 100 ml. volumetrio flaSk. Again 

the galvanometer reading was almost exaotly the same as in 

the previoas experiments. 
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It was evident from these exp ariments that pyr_ 

role was not destroyed by steam distillation, and, in fact, 

that it oould be reoovered quantitatively from an aoetic 

aoid solution. To asoertain whether pyrrole oould be steam 

distilled from alkaline solutions the following experiments 

were performed. 

~o 25 ml. of the original pyrrole solution was 

added 25 ml. of 20% sodium hydroxide and the volume was made 

up to 100 ml. with water. ~he same apparatus and procedure 

were used 8S in the steam distillation experiments desorib­

ed above. steam distillation was oarried on for 30 minutes 

and the distillate was made up to 100 ml. A measurement of 

the intenSity of the pyrrole-blue oolour obtained b7 the 

usual prooedure showed that there was no loss of pyrrole. 

S1m1lar steam distillations of pyrrole from 10% and 20% 

solutions of sodium hydroxide were performed with only-

a slight loss of pyrrole. The data obtained are shown in 

Table IX. 

It was evident from the above experiments that 

pyrrole could be steam distilled from alkaline solutions, 

and so if pyrrole were liberated from gelatin during hydro­

lysis With ooncentrated sodium hydrOxide, it might be ob­

tained P7 steam distillation. To discover whether suoh was 

the oase the following experiment was performed. 

A 10 gm. sample of gelatin was dissolved in 100 

m1. of 20 % sodium hydroxide and steam distilled in exaot-

11 the same way as was de80~bed above. The distillation 



was oonducted for five hours and seven oonseoutive 100 ml. 

fraotions of the distillate were oolleoted. 1 ml. of eaoh of 

these distillates was treated With iaatin in the usual wq 

and in ever,r case no pyrrole was deteoted. BJdrolyeis o~ the 

protein was complete at the end of 2.5 hours as indioated b7 

a negative b1u~et test at the end of that time. This experi­

ment proved conclueivelJ that free pyrrole Was not produoed 

during the alkaline hydrolysis of gelatin. 

Table IX 

steam Distillation of Pyrrole Solutions 

Experiment 

NO steam distillation. 
Pyrrole dissolved in 0.5~ 
acetio 8014. 

Bo steam distillation 
~P7rrole dissolved in lO~ 
aoetio aoid. 

Steam distilled from 0.5~ 
acetio acid. Trap used t.n 
reoeiving flask. 

steam distilled from 0.5% 
acetic aoid. Bo trap used 
on reoeiving flaSk. I 

steam distilled from 5~ 
sodium hydroxide. 

steam distilled from 10~ 
sodium hydroxide. 

Steam distilled from 20% 
sodium hydroxide 

.. 

Galvanometer 
Reading 

(660 Filter) 

40.00 

40.00 

40.00 

40.00 

40.00 

40·50 

41 .5° 

Oonoentration B800very 
of Pyrrole in 
distillate Per cent 
(~ pe:r ml.) 

100 

100 

100 

100 

12.4 100 

12.2 

11·9 96.00 
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A Comparison of Acid and Alkaline Hydrolysis of Gelatin 

It,haa alread7 been demonstrated that pyrrole can 

be determined in the distillates obtained by the dry distilla­

tion of the hidrolysates from the trJpt10 and alkaline hydro­

lYsis of gelatin. To asoertain whether the pyrrologenic 

substance was destroyed during aoid hydrolysis. and if not, 

to oompare the pelds obtained by aoid hydrolysis with those 

obtained with sodium hydroxide, t~e following experiments 

were conduoted. 

Hydroohlorio Aoid Hydrolysis. To 1 gm. of gelatin 

in a 500 X~eldahl flask was added 25 ml. o~ hydrochlorio 

aoid (5 ml. cono. hydroohlorio ao1d and 20 mI. water). The 

flask was fitted with an air oondenser and it was placed 

on a steam bath for 48 hoarse At the end of that time the 

hydrolysate was neutralised With 20~ sodium hydroxide. filter­

ed, and the filtrate was made up to 100 ml. With water. 

2 ml. of this solution gave a negative biuret test which 

indicated that bydrolysis was complete. 50 mI. of this 

solution was evaporated on a steam bath to dryness and 

2.3355 gm. of dr7 residue was obtained. 

A 0.3546 gm. portion of this residue was dry 

distilled in the usual way and made up to 50 ~l. with 

water. The galvanometer reading and the oalculations ob­

tained from this observation are recorded in Table X. ~-

aminat10n of this table sbows that the pyrrologenio mater­

ial in gelatin onlJ Buffered a slight lOBS during hydrolysis 

with hydroohlorio ao1d. 
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Sulphurio Acid Bydrolys1e. A 1 gm. sample of 

gelatin and 25 ml. of sulphurio acid (5 ml. cone. salphurio 

ao1d to 20 ml. water) were placed in a 500 ml. Kjeldahl 

flask. The flask was fitted with an air condenser and it 

was heaten on a steam bath for 48 hours. At the end of that , . 

time the hydrolysate gave a negative biuret teat, indicat­

ing that hydrolYsis was complete. The bydrolY8a~e was neut-

ralized with 20~ sodium hydroxide. filtered and diluted to 

100 ml. with water. 25~. of this solution was evaporated 

to drJnese on a steam bath and 3.8443 gma. o~ dry residue 

was obtained. 

1.3314 gm. of this residue was dry distilled in 

the usual manner and made up to 50 mI. The galvanometer 

reading and the oalculations obtained from this observation 

are recorded in Table X. and these data show that the pyrrol­

oge.n1o substanoe was not destroyed to any appreciable extent 

b7 hydrolysis with sulphurio ao1d. 

HYdrolysis with ~o% Sodium HYdroxide. To 1 gm. 

of gelatin in a 500 ml. Xjeldahl flask was added 25 ml. of 

lO~ sodium hydroxide. The ~xture was refluxed for 24 hoars 

on a steam bath. At the end of that time the hydrolYsate 

gave a negative biuret test. It was neutralized with oone. 

hydroohlorio aCid. filtered and diluted to 100 mI. with 

water. 25 ml. of this solution was evaporated to drJD8SB 

on a steam bath and 1.4057 gm. of dry residue was obtained. 

0.3862 gm. of this residue was dry distilled and 
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made up to 50 ml. with water. The data obtained are record­

ed in Table X. .. 

Hydrolysis with 20% Sodium Hydroxide. The above 

experiment was repeated except that 20% sodium hydroxide 

was used instead of 10% sodium hydroxide. The data secured 

are recorded in Table X. 

fable X 

Compar~son o£ Ao1d and Alkaline Hydrolysis of Gelatin 

~drolYBiDg Galvanometer Pyrrol. obtained Pyrrole 
Agent Reading from 1 gm. 

(660 :filter) gelatin Per cent 
(me;s. ) 

Hydr0 ohlorio 
Ao1d 32.00 10.09 1.01 

'Sulphurio 
1.16 Ao1d 21.00 11·55 

Sodium 
Hydroxide (l~) 45·50 8.01 0.80 

Sodium 
Hydroxide (2~) 45·00 6.80 0.68 

An examination of ~able X reveals that pyrrole 

oan be produoed by the dr.J distillation of gelatin hydro­

lyaatea obtained by both aoid and alkaline hydrolysis. 

Aoid appears to destroy less of the pyrrole prodncing sub­

stanoe than doee the alkali, and therefore in the next 

experiment hydrochlorio 80id was used as the bydrolysing 

agent. 



The Fraotionation of a Gelatin Hydrolysate 

To disoover the nature of the pyrrologen1o material 

Which is present in a gelatin bydrol1sate, the following 

experiments were conduoted. Preliminary experiments were 

performed on a gelatin hydrolysate obtained by tryptiC diges­

tion and these suggested the method of fraotionation about 

to be desoribed. 

To 500 gm. of silver leaf gelatin in a 3 litre 

~yrax Florence flask was added 2 litres of hydrochlorio aoid 

oontatn1ng 480 mI. of ooncentr8ted hydrochlorio aoid per 

litre of solution. This mixture was rafluxed on a steam 

bath for 20 hours. To increase the rate of hydrolysiS the 

flask was removed from the steam bath and placed on a sand 

bath. The hydrolysate was than boiled gently for 48 hours. 

At the end of that time the hydrolysate was oon­

oentrated under diminished pressure to a thiok oil to remove 

as muoh hydroohloric acid as possible. It was next diluted 

With water and an aliquot was treated With 20~ sodium hydrox­

ide until the solution was distinotly alkaline tp litmus. 

The ammonia was distilled off under reduced pressure, and 

the solution remaining in the distilling flask was treated 

with finelY powdered basio lead aoetate until a slight ex-

08S8 of lead was present in the solution. The preoipitate 

was filtered oft under suotion using a B!ohner funnel. and 

the exoess lead was removed from the filtrate by the addition 

of sulphurio aoid. ~e lead sulphate was filtered off and 

80lid barium hydroxide was added to the filtrate until the 

solution was d1st1notlJ alkaline. The mixture was then 
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filtered and distillation was performed under diminished 

pressure on a boiling water bath to decrease the volume of 

the filtrate. ~o remove the barium, conoentrated sulphurio 

acid was added a little at a time until a few milli11tres 

of the filtered solution failed to give a precipitate With 

dilute sulphuric aoid. After filtration, the solution was 

diluted to 1200 mI. 

A 10 ml. aliquot of this solution was exaotlY 
. 

neutralized with sodium hydroxide and evaporated to dry.n~BS 

on a steam bath. 1.8623 gm. of residue was obtained and 

0.1412 gm. of this was dry distilled and made up to 50 ml. 

with water. The galvanometer reading, using the 660 filter, 

was 29.50, and from the calibration curve it was found that 

the conoentration of pyrrole was 16 micrograms per mI. 

Calculations based on these observations showed that eaoh 

ml. of the above 1200 ml. solution produced 1.055 mg. of 

pyrrole on dry distillation. 

A 100 ml. aliquot of this leOO ml. solution was 

aoidified with sulphurio aoid until the solution contained 

5~ sulphurio aoid b7 weight. Phosphotungstic acid (20~) 

dissolved in 5~ sulphurio acid was added to the solution 

until oomplete precipitation bad been accomplished. After 

standing in the 10e box for three days the precipitate was 

filtered off and washed with emaIl portions of a 2.5~ 

solution of phosphotungstic ao1d dissolved in 5~ sulphur10 

aoid. 100 mI. of wash solution was used altogether. 



The precipitate was then transferred to a large 

mortar and hot saturated barium hydroxide was added until 

the mixture waS pink to phenolphthalein. Additional hot 

barium hydroxide was added until there was no further pre­

oipitation of barium phosphotungstate. The precipitate was 

filtered off, ueing a BUohner funnel. SUlphurio ao1d was 
-

than added to the filtrate to remove excess barium ions and 

the barium sUlphate was removed by filtration. The filtrate 

was ooncentrated under diminished pressure on a boiling water 

bath and finallJ made up to 500 ml. with water. 

A 10 ml. portion of this solution was evaporated 

to drynes8 and 0.0458 gm. of residue was obtained. 0.0096 

gm. of this residue was dry distilled into 10 mI. of 5~ 

acetic aoid. ~he galvanometer reading. using the 660 light 

filter. was 75.5. and from the calibration curve it was 

foand that 1 ml. of the distillate contained 4.25 micro­

grams of pyrrole. By oalculation it was evident that there 

was a total of 10.14 mgs. of pyrrole in the phosphotungstio 

acid precipitate. 

The filtrate and combined washings from the phos-

photungstic aoid preoi~itate had a volume of 365 ml. 

10 ml. of this solation was exactly neutralized with sodium 

hydroxide and evaporated to dryness. 1.2374 gm. of d~ residUe 

was obtained and 0.5387 gm. of it was dry distilled and the 

distillate made up to 100 mI. The galvanometer reading, 

uaing the 660 filter. was 45.00, and thus 1 m1. of the dis­

tillate contained 11.0 miorograms of pyrrole. ~ oaloulation 



it was found that the total filtrate contained 92.22 milli­

grams. The data obtained iu this fractionation of a gelatin 

hydrolysate are given in Table XI and it is evident from 

the data given therein that the filtrate from the phospho­

tungstic aoid precipitation oontained the bulk of the pyrrol­

ogen1c material. 

Table XI 

Fraotionation of a Gelatin HYdrolysate 

500 gm. of gelatin (silver leaf) 
hydrolysed with hydrochlori0 aCid. 
HYdrolysate freed from hydrochlorio 
aoid and ammon a. 

, 
Preoipitate 

(no pyrrole) 

f 

Filtrate 
I An aliquot. (105.5 mg. pyrrole) 

precipitated with 
phosphotungstio ao1d 

, 
Filtrate 

(92.22 'mg. pyrrole) 

I , 
Preoipitate 

(10.14 mg. pyrrole) 

Alooholio ~tr80t1on of Dry Residue from a Gelatin Hydrolysate 

It was evident from the above experiment that 

phosphotungstio aoid was unsatisfaotory as a preoipitating 

agent for the pyrrole produoing substanoes. An atteDpt 

was therefore made to extraot the pyrrologenic materials With 

alcohol from the dry residue obtained by evaporation of the 



of the filtrate from the basio lead aoetate treatment. The 

details of this experiment are de80ribed below. 

A 1 gm. portion of the above residue. oontaining 

5.794 mg. of pyrrole. was thoroughly mixed with 10 gm. of 

pure sea-sand. This mixture was plaoed in the porous oup 

of a Soxhlet apparatus and extraoted cont1naous~ With 100 

ml. of hot absolute alcohol for 5 hours. At the end of 

that time the alcohol extraot was plaoed in the ice-box 

over night. 

The porous oup was washed With warm water and 

the washings were evaporated to dr,rness. 0.2450 gm. of 

residue was obtained from this aqueous extraot. 0.0802 gm. 

of this residue was dry distilled into 10 mI. of 5% acetic 

a01d and 1 ml. of the distillate was found to contain 

7.75 micrograms of pyrrole. Oaloalations showed that the 

fraotion whioh was insoluble in hot alcohol contained a 

total of 0.2368 mg. of pyrrole. 

The next morning a White precipitate was observed 

in the alooholio filtrate. This was filtered off and washed 

tWioe with absolute aloohol. Unfortunately this fraction 

whioh was insoluble in cold alcohol was lost. 

The filtrate and washings from the above experiment 

were evaporated to dryness on a steam bath and 0.6343 gm. 

of dry material was obtained. To make certain that no carbo­

hydrate material was present Whioh might be responsible for 

the formation of pyrrole on dry distillation, an improved Mol-
Fo,,'~e.'-

1soh test (1931 ) was performed on a small amount of the &bove 
1\ 
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residue. !he test was negative, whereas with gelatin a 

slight pink oolour was obtained, signifying the presenoe of 

a small amount of carbohydrate material. It ~ould hardlY 

be expected that any oarbohydrate materia.l would esoape- the 

basic lead acetate treatment, an-d it was only as a preoau­

tion that Mo11soh's test was performed on the alcoholio 

extra.ct. 

A 0.0945 gm. ssmple of the alcoholic extraot was 

dr7 distilled and the distillate made up to 50 ml. It was 

found that 1 ml. of distillate contained 12.75 micrograms 

of pyrrole. and caloulation showed that the total alooholio 

extraot, namely 0.6343 gm. oontained 4.279 mgs. of pyrrole. 

Thi s indioated that most of the pyrrologenio material was 

in the alcohol soluble fraotion. 

The observation made in the above exper~ent at 

onoe suggested that proline and hydroxy-p~ol1ne were res­

ponsible for the formation of pyrrole from gelatin on dr~ 

distillation. Proline is preoipitated by oadmium ohloride 

and hence the following experiment was performed to find oat 

whether the alcoholic extraot contained proline. 

0.5398 gmt of the alooholic extraot was dissolved 

in 60 mI. of absolute alcohol and a solution of oadmiam 

ohloride dissolved in 95% alcohol was added until no further 

preoipitation occurred. The precipitate was filtered off 

and washed with a small amonnt of absolute alcohol. The 

filtrate was evaporated to d~ess on a steam bath and the 

dry residue dissolved in water. A small amount of material 
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was insoluble in water and was removed by filtration. 

Silver sulphate was added to the filtrate to remove the ohlor­

ide as silver ohloride and when this precipitate was removed 

the filtrate was treated With hydrogen sulphide to preoip­

itate the silver and cadmium ions as the sulphides. The 

sulphides were filtered off and the filtrate was neutralized 

with sodium hydroxide and evaporated to dr.rness on a steam 

bath. 0.4813 gm. of residue was obtained and 0.1442 gm. of 

this was dry distilled into 10 ml. of 5% aoetic acid. It 

was found that 1 ml. of the distillate oontained 13.25 mioro­

grams of pyrrole and calculations showed that the total residue 

was oapable of produoing onl;V 0.442 mg. of pyrrole on dry 

distillation. This experiment indicated that most of the 

pyrrologenio materials were precipitated by the cadmium 

ohloride and so it was concluded that proline and hYdro~­

proline were likely responsible for the production of pyrrole 

when a gelatin hydrolysate was dry distilled. The data 

obtained in these experiments are shown in Table XII. 
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~able XII 

Alcoholic ~tract10n of Dry Residue from Gelatin Hydrolysate 

(1 gm. 

t 

Aloohol soluble 

I 
t , 

Insolible in cold 
aloohol (lost) 

Dry Residue 
containing 5.97 mg. pyrrole) 

I Continuously extracted 
with hot absolute 

l&lCOhOl 

( 

, 
Alcohol insoluble 
(0.24 mg. pyrrole) 

Soluble in oold alcohol 
(4-30 me. pyrrole) 

Cadmium chloride in 
95% alcohol 

Preoipitate 
(3.86 mg. pyrrole) 

filtrate 
(0.44 mg. pyrrole) 

fhe Dry Distillation of Some Amino Acids 

The experiments on the fraotionation of a gelatin 

hydrolysate suggested that the formation of pyrrole on the 

dry distillation of gelatin or gelatin hydrolysates was doe 

to the oxidation of proline and hydroxy-proline to pyrrole. 

To find out whether other amino acids might also product 

pyrrole on dry distillation, the following experiments 

were performed. 

~s many amino a01ds as were available were dry 

distilled in the usual manner into 10 ml. 5% aoetio aoid. 

The oolour reaction with ieatin was performed on 1 ml. of 

the distillate and the observations are recorded in Table 



XIII. Proline and hydroxy-proline were the only amino acids 

which gave a positive test for pyrrole. Of the other amdno 

acids which were examined, onlJ arginine gave a trace of 

colour With isatin. 

There was the posSibility that the ammoniam salt 

of an amino acid might be more readilY converted 1~to pyrrole 

than the amino ao1d itself, under the conditions of the dr.J 

distillation procedure. To investigate this the ammoniam 

salts of a few amino aoids were prepared and dry distilled 

in the uaual manner. In all o_sea the iaattn test for pyrrole 

was negative. The salts used in this experiment are listed 

in Table XIXI. 

Table XIII 

Dry Distillation of Some Amino Acids 

Compound 

Proline 
Hydroxy-Proline 
Ar~n1ne 
Glutamio Aoid 
Glyoine 
!ryptophan 
Histidine 
Lysine 
Aspartio Aoid 
Alanine 
Leuoine 
tyrosine 
3er1na 
Valine 
Rhenyla1anine 
Cystine 

Pyrrole-Iastin 
Reaction 

Positive 
Positive 
Trace 
Negative 

n .. -
tr -
" n 
'"" 
n 

• 
n -• -
It 

1.! 
• -

--~-----------------------~-~--------------
Ammonium salt of 

Arginine 
Glutamic Aoid 
Glyoine 

Negative 
• • 
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!he Effeot of Oxidizing Agents on the Yormation of Pyrrole 

It has been demonstrated that proline and hydroxy­

proline were responsible for the production of pyrrole when 

gelatin was dr.i distilled. This phenomenon suggested a pos­

sible method for the determination of the total amount of 

these two amdno acids when present in protein hydrolysates. 

In the previous experiments on the dry distillation of pro­

teins it was observed that the yields of pyrrole were quite 

lOW, and With the hope of disoovering an oxidizing agent 

whioh would increase the yield of pyrrole the following 

.%per~ents were perfor.med. 

Eroline and Sulphur. To 0.0139 gm. of proline 

was added a small amount of sulphur and this mixture was 

heated in a test tube in the usual way. The distillate 

was colleoted in 10 m1. of 5% acetic aoid and 1 ml •. was taken 

for the isatin reaotion. fhe yield of pyrrole obt$ined was 

approximatelJ one-half that obtained When no salphur was 

Dsed. 

Hydroxy-Proline and Seleniwa. To 0.0112 gm. of 

hydroxy-proline was added a small amount of selenium, and 

this mixture was dr,r distilled. The distillate was made 

up to 100 ml. and a pyrro1e determination was made in the 

usual w~. A slight inorease in the yield of pyrrole was 

observed but it was not sufficient to warrant the use of 

selenium as an oxidizing agent. 



Gelatin and Chloride of ldme. Some solid ohloride 

of lime was added to 0.0327 gm. of gelatin and dry distilla­

tion was performed as usaal. There was no appreciable inorease 

in the amount of pyrrole found in the distillate. 

Gelatin ~drolysate and Ferric Ohloride. A sola­

tion of a gelatin hydrolysate which had been through the 

lead aoetate treatment was uBed in this experiment and in 

some of the subsequent ones. It was made up so that 1 mi. 

produoed exaotly 1.0 mg. of pyrrole on dry distillation in 

a test-tube With 5 gm. of pure sea-sand. !he usual prooed­

ure was followed and the distillate was made up to 100 mI. 

I ml. of this hydrolysate was added to 5 gm. of 

pare sea-sand and 0.1 mI. of 50% ferric ohloride in a test 

~abe. Dry distillation was carried out and the pyrrole 

oontent was determined in the usual~. mo appreoiable 

increase in the amount of pyrrole was observed. 

Gelatin Hydrolysate and Sodium Hypochlorite. 

(a) In the oold. 5 mI. of a solution of sodium hypoohlor­

ite was added to 1 ml. of the hJdrolysate and the mixture 

was stored in the ioe-box for 2 hours. Then 2 mI. of 

glacial acetic acid was ,added and the solution was made up 

to a volume of 100 ml. of water. 1 ml. of this solution 

was treated With isatin in the usual manner but no pyrrole­

blue was observed. This fact suggested that the oonditions 

of this exper~ent were not suitable for the production 

of pyrrole. 
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It was felt that perhaps insufficient hypochlorite 

had been used in the above experiment and so an experiment 

was performed in which the quantity of hypoohlori te was 

doubled. Again a negative result was obtained. 

(b) Steam Distillation. It was possible that pyrrole was 

formed in the above experiments but that it was destroyed 

by standing with an excess of sodium hypoohlorite. In an 

attempt to discover if Buoh ware the oase the reaotion 

mixture was steam distilled and it was hoped that this pro­

oedure would drive over the pyrrole as rapidly as it might 

be produced. The details of this experiment are given be-

low. 

To 1 ml. of the hydrolysate was added 10 ml. of 

the sodium hypochlorite solution and the solution was dilut­

ed to 100 mI. with water. This mixture was subjected to 

steam distillation and 100 ml. of the distillate was col­

lected. No pyrrole oould be detected in the distillate. 

(0) Dry Distillation. To 1 mI. of the hydrolysate was 

added 0.2 ml. of the sodium hypoohlorite solution and 5 gm. 

of sand. Dry distillation was performed, and it was found 

that there was an increase in the yield of pyrrole in the 

distillate. However, the increase was not great enough to 

warrant the use of sodium hypochlOrite in this procedure. 

Gelatin Hydrolysate and Hydrogen Peroxide. A 

mixture of 1 ml. of the hydrolysate and 1 mI. of 6% hydrogen 
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peroxide was dry distilled with 10 gm. of sand and in this 

case a losa of pyrrole was observed. 

Gelatin Hydrolysate and Alkaline Permanganat,8 

An excess of potassium permanganate dissolved in 20% sodium 

bydroxide was added to 1 ml. of hydrolysate and the result­

ing mdxture was steam distilled. 100 m1. of distillate was 

collected and the usual Dolour reaction failed to detect 

pyrrole in the distillate. 

Gelatin Hydrolysate and Sodium Ferox1de. The 

oxidizing agents used in the above experiments did not 

prove satisfaotory as a measure of increasing the yield 

of pyrrole from a gelatin hydrolysate. However. it was 

found that sodlum peroxide did increase to a marked degree 

the quantity of pyrrole obtained on the dry distillation of 

a gelatin hydrolysate. To determine the most effective 

conoentration of the peroxide, a series of experiments 

was performed with a gelatin hydrolysate and different 

amounts of sodium peroxide. The data obtained are record-

ad in Table XIV. 

It was evident from these observations that 0.5 
gm. of the peroxide produced the largest amount of pyrrole. 

When this quantity of sodium peroxide was used, the yield of 

pyrrole was inoreased three fold as oompared With the amonnt 

obtained without the use of this Oxidizing agent. 

In all these experiments. 1 mI. of hydrolysate 

and 5 gm. of sand were dry distilled with various amounts 
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of the peroxide and the distillate was diluted to 100 mI. 

except in the case of experiment 6 where the distillate 

was dilated to 200 mI. 

In addition to increasing the yield of pyrrole 

the use of sodium peroxide gave a olear distillate whioh 

is a distinct advantage in oolorime~ determinations. 

Table XIV 

~he Effeot of Sodium Peroxide on the Produotion of Pyrrole 
from a Gelatin HYdrolYsate 

Experiment Weight of Ga.1vanometer "llantity of Increase in 
Bo. Sodium Reading Pyrrole ob .. Yield 

Peroxide (660 Filter) tuned from Per Cent 
(gms) 1 m1. of 

Hydrolysate 
(mgs) 

1 0.00 48·50 1.00 0 

2 0.25 24·00 1.85 85 

3 0·50 12.00 2.80 180 

4 0·50 10.00 3·00 200 

5 0·50 11.00 2·90 190 

6* 1.00 48.00 2·°5 105 

* Distillate diluted to 200 ml. 

Gelatin and Sodium Peroxide. The above axpertments 

proved definitelJ that sodium peroxide increased the y1ela 

of pyrro1e from a gelatin hydrolysate. To find whether the 

peroxide would also inorease the y1eld from dry gelatin, 

the following experiments were oarried out. 



0.1160 gm. of dry gelatin was dry distilled in 

a test tube with 1 gm. of sodium peroxide. A olear filtrate 

was obtained, which oontained 1.375 mg. of pyrrole and cal­

culations showed that this represented a yield of 1.19~. 

It is to be noted that no sand or water was used in this 

exp er1ment • 

By decreasing the ooncentration of sodium per­

oxide to 0.5 gmt an increase in the yield of pyrrole was 

observed. Thus. when 0.137 gm. of gelatin was dry distill­

ed with 0.5 gm. of sodium peroxide and 5 gm. of sandt a 

Jield of 1.74% of pyrrole was obtained. The amount of 

pyrrole in the distillate was increased still more by wett­

ing the mixture with 1 ml. of water before distilling. 

The details of this experiment are desoribed below. 

A mixture of 0.5 gm. of sodium peroxide, 5 gm. 

of sandt 1 mI. of water and 0.1025 gm. of gelatin was 

plaoed in a test tube and dr7 distillation was performed 

in the usual manner. 2.15% of pyrrole was found in the 

distillate. 

The data obtained in these experiments are 

recorded in Table XV. 



Table XV 

The Effeot of Sodium Peroxide on the Production of Pyrrole 
from Gelatin 

Weight of Weight o:t Volume of Galvanometer Total Pyrrole 
Gelatin Sodium Dist11l- ReadRf Concentra-

Peroxide ate (660 Fi1 er) tion o:f Per 

(gma) (gms) (mI. ) 
Pyrrole Cent 

(ms8 ) 

0.1000 0.0 100 42.00 1.17 1.17 _. 

0.1160 1.0 250 68.00 1.38 1.19 

0.1037 0·5 100 25·00 1.80 1·74 

*0.1025 0·5 200 46.00 2.20 2.15 

* Wetted with 1 ml. of wa.ter before distilling. 

An examination of Table XV shows that the yield 

ot pyrro1e from the dry distillation of gelatin can almost 

be doubled b~ the use of sodium p~rox1de. 

Attempts to Determine the Temperature at which Pyrrole 

is Produoed from a Gelatin Hydrolysate 

A serious oritioism of the dry distillation 
. 

method is that the temperature of the reaotion may var.r con-

sidera.bly from one experiment to the next. This variabil­

ity of tamparature may seriously affeot the constanoy of the 

yields of pyrrole obtained t and so experiments were com­

menoed to find the temperature at which the maximum amo1lllt 

of pyrrole oould be secured from a given amount of gelatin 

hydrolysate. A few of these experiments are described 

below. 



A mixture of 1 ml. of gelatin hyd.rolysate, which 

produced exactly 1.0 mg. of pyrrole on dry distillation, 

1 gm. sodium peroxide and 20 ml. of water was plaoed on a 

steam bath and steam was passed through the reaction flaSk 

until 100 mI. of distillate had been colleoted. 1 ml. of 

this distillate failed to g1 va the test for pyrrole with 

1satin. 

!he above experiment was repeated. using 1 ml. 

of the lqdrolysate. 0.5 gm. of sodium peroxide and 5 ml. 

of water. .&gain no pyrrole was deteoted in the distillate. 

Then 1 m1. of the hydrolysate. 0.5 gm. of sod­

ium peroxide and 1 ml. of water were plaoed in a 100 ml. 

Xjeldahl flaSk and the flask was heated to dr,rness with a 

mdoro-burner, as the steam was passed through it. 100 ml. 

of distillate was oolleoted and 1 ml. taken for the 1sat1n 

reaotion. In this case 2.25 mg. of pyrrole was found to 

be present in the distillate. 

The above experiment was repeated except that 

the flaSk was not heated to dryness. This time 1 mI. of 

the distillate gave a negative test for pyrrole with 

isatin. 

To inorease the boiling point of the mixture in 

the reaction flask. pulverized potassium sulphate was in­

troduoed, and to prevent cracking of the flask during 

heating. s~erheated steam was used in the subsequent ex-

periments. 



ThUB, 1 gm. of sodium peroxide was added to 1 mI. 

of the hydrolysate, 5 gm. of potassium sUlphate and 2 ml. 

of water in 8. 100 m1. Kjeldahl flask. The flask was heated 

to dr,yness with a micro-burner and then superheated steam 

was passed through until 100 ml. of distillate was collect­

ed. 2.6 mg. of pyrrole was found in the distillate. 

The above experiment was repeated and 2.5 mg·.of 

pyrrole obtained. This indioated that the results could 

be duplioated When this prooedure was used. 

These expe~iments proved definitely that pyrrole 

was not produoed by the action of sodium peroxide on a 

gelatin bydro1ysate at the temperature of steam. In those 

oases where it was observed in the distillate. the re~ction 

flask had been heated to dr7Ilese instead of being kept at 

100°0. 

In the next experiments the reaotion flask was 

beated above 10000 by various means and any pyrro1e pro­

duoed was swept over by Buperheated steam. 

Thus 1 ml. of hydrolysate was added to 1 gm. of 

sodium peroxide. 5 gm. of pulverized potassium solph.te, 

and 2 m1. of water in a Fyrex Plorenoe flask. The flask 

was placed in an oil bath and superheated steam was passed 

through it 8S the temperature of the bath was gradually 

increased. 100 ml. portions Qf distillate were collected 

and 1 ml. was taken for the ieat1n teet. The first dis­

tillate was collected between 10000 and 1500 0, and it was 

found to contain no pyrro1e. The next fraction was co1-
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leoted between 1500 and 2000 0, and it also oontained no 

pyrrole. The last distillate was co11eoted between 20000 

and 250°0. and it likewise failed to give a positive test 

for pyrrele with isattn. 

The oil bath was replaced b7 a glycerine bath and 

the above exper~ent repeated. Distillates were collected 

at various temperature intervale up to 28400. and in every 

oase no pyrrole was detected. 

In order to seonre a higher uniform temperature 

a 220 volt. 350 watt Oenoo heater was used in the next ex­

periment. 1 mI. of the hydrolysate, 2 ml. of water, 5 gm. 

potassium solphate, and 1 gm. sodium peroxide were intro­

duoed into a 100 mI. Kjeldahl flask and the flaSk plaoed 

on a sand bath. The sand bath was heated by the electrio 

heater and superheated steam was passed through the flask 

as in the previous experiments. The temperature was ob­

served b7 means of a thermometer plaoed in the sand. 100 

mI. of distillate was oollected between oertain temperature 

ranges and the pyrrole determined in the usual manner. The 

first distillate was collected between 2800 ~d 300°0, and 

it oontained 0.775 mg. pyrrole. The second distillate was 

oollected between 3000 and 320°0, and contained 1.0 mg. 

pyrrole. Thus the total amoant of pyrrole obtained in this 

experiment was 1.775 mg. 

In the next experiment. the sand bath was re-

plaoed by an air bath and a temp arature of 35000 was 

reached. The distillate between 29000 and 35000 waS 
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oollected and made up to 100 ml. It contained 1.53 mg. 

pyrrole. 

Several other similar 8Xll er iments were performed 

but the maximum yield of pyrrole obtained by such methods 

was always leas than that seoured by the dry distillation 

of a gelatin hydrolYsate with sodium peroxide in a test 

tube. 

Thus, 1 ml. of the hydrolysate used in these ex­

~r1menta produoed 3.0 mg. of pyrrole when dry distilled 

With 0.5 gm. of sodium peroxide in a test tube, whereas 

1.8 mg. of pyrrole was the largest amount secured when an 

eleotria heater was employed. These experiments, however. 

indioated that a temperature of at least 300°0 was necessary 

to produce pyrrole from a gelatin hydrolysate with sodium 

peroxide. 

The Effect of Oopper Sulphate on the Oxidation of Proline . 
and Hydroxy-Prgline with Sodium Per,oxide 

Various methods of obtaining pyrrole by the dis­

tillation of a gelatin hydrolysate have been described but 

in all cases the yields did not exoeed those secured by 

dry distillation from a test tube. For that reason it was 

decided to utilize the latter method in studying the effect 

of oopper sulphate upon the oxidation of proline and hydroxy-

proline by sodium peroxide at high tem~eratures. It had 

been observed in some preliminary experiments that copper 

sulphate greatly enhanoed the oxidizing power of sodium 

peroxide and in order to study this effect on th d t 
e pro uc ion 
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of pyrrole from gelatin the following experiments were 

performed. 

A mixture of 1 ml. of a gelatin hydrolysate, 

0.5 gm. of sodium p eroxtde and 5 gm. of sand was dry dis­

tilled and the distillate was made up to 100 ml. The pyrrole 

oontent was determined in the usual way and 1.70 mg. of pyrrole 

was obtained in the distillate. The above experiment was 

repeated exoept that 2 drops of a 10~ solution of o~per 

sulphate were added. The pyrrole content of the distillate 

was inoreased to 2.28 mg. 

It was deoided at this point in the investigation 

to improve upon the dry distillation method, and after 

oonsiderable preliminary work the apparatus Shown in J1gnre 

III was adopted and used in the subsequent dry distilla­

tion experiments. The sample and reagents were plaoed in 

a Pyrex test tube (25 x 150 mm) with rim, and air was 

drawn slowly through this tube by suotion, during the heat­

ing with a Bunsen burner. Thus the pyrrole was swept over 

as fast as it was formed into two 50 ml. test tubes con­

taining 20 ml. of 5~ aoetic aoid. When no more vapour dis­

tilled over the heating was discontinued and the apparatus 

was oooled. The combined oontents of the reoeiving tubes 

were then made up to 100 ml. with water, and the pyrrole 

determined in the usual manner. This procedure was fol­

lowed in the experiments described below. 
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A mixture of 1 m1. of gelatin hydrolysate, 0.5 

gm. sodium peroxide. and 5 gm. of sand was heated in this 

new apparatuB, and 1.15 mg. of pyrrole was determined in 

the distillate. 

~he above experiment was repeated using 1 ml. of 

the hydrolysate, 0.5 gm. of sodium peroxide and 0.1 IDl. of 

10~ oopper sUlphate. The yield of pyrrole was found to be 

2.85 mg. This exper1mant was repeated and almost exactly 

the same value for pyrrole was obtained, showing that the 

results woald be doplicated. 
I 

The data obtained in these exp er:1ments are shown 

in Table XVI and it is evident from an examination of this 

table that the addition of copper sulphate increased ~he 

11eld of pyrrole to a marked degree. 

Table XVI 
, 

the Effeot of Oopper SUlphate on the Produotion of Pyrrole 
from a Gelatin HydrolYsate 

-
lJ¥.scription of Bxp eriment 

Dry Distillation 
(old method) 

Dry Distillation 
(old method) 

Dry Distillation 
(new method) 

Dry Distillation 
(new method) 

Dry Distillation. 
(new method) 

'-

- - - - _. 

Amount of Galvanometer Pyrrole in 
lO~ CUS04 Reading DIstillate 
added (660 filter) (mgs.) 

none 27·50 1·70 
2 drops 17·50 2.28 

none 43·00 1.15 

0.1 ml. 11·50 2.85 

0.1 ml. 11.25" 2.88 



!he next exper:1ments were performed with gel­

atin and some interesting data were obtained. Thus 0.1 gm. 

of gelatin and 1 ml. of water on distillation gave 0.93% 

pyrrole. whereas 0.1 gIn. gelatin when distU1ed with 1 ml. 

of water and 0.5 gm. of sodium peroxide produced 2.65% 
pyrrole. However, when a mixture of 0.1 gm. of gelatin. 

1 mI. of water, 0.5 gm. of sodium peroxide and 0.1 ml. of 

a 10 ~ solution of oopper sulphate was distilled the yield 

of pyrrole decreased to 2.00%. 

These observations suggested that it would be 

interesting to know the effect of oopper sulphate on the 

oxidation of proline and hydroxy-proline and se the follow­

ing experiments were performed. 

To 2 m1. of a solution of hydroxY-proline oon­

taining 10 mg. was added 0.1 ml. of 10% copper sulphate 

and 0.5 gm. of sodium peroxide. This mixture was dry dis­

tilled and 3.25% P1l'ro1e wa.s obtained. The above experiment 

was repeated omitting the oopper sulphate and in this oase 

7.25~ pyrro1e was obtained. 

A mixture of 10 mg. of proline, 2 ml. water. 

0.1 ml. of 10% oopper sulphate and 0.5 gm. of sodium perox­

ide was dry distilled and a yield of 8.44% of pyrrole was 

seoured. 

When the abo ve experiment was repeated, omitting 

the oopper sulphate. no pyrrole oould be detected in the 

distillate. 

The data obtained in these eXpEi"riments with gel-

attn, proline and hydroxy-proline are given in ~ab1e ZVII. 
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~ab1e XVII 

~he Effeot of Oopper Sulphate on the Otidation of Proline 
and Hydroxy-Proline 

- - - .-

Vo~ume of Weight of Volume o~ Pyrrole 
• Sample Water Sodium 10% CuS04 Obtained 

used Peroxide used Per Cent 

0.1 gm. gelatin 

0.1 gm. gelatin 

0.1 gm. gelatin 

10 mg. hydroxl­
proline 

10 mg. hydroxy­
proline 

10 mg. proline 

10 mg. proline 

1 ml. 

1 ml. 

1 m1. 

2 ml. 

2 ml. 

2 m1. 

2 ml. 

used 
• 

nil nil 0·93 

0·5 gm. nil 2.65 

0·5 gm. 1 ml. 2.00 

nil 

0·5 gm. 1 ml. 

nil nil 

1 ml. 

These experiments suggested that the hydroxy­

proline and proline molecules differ greatly in their aDS­

oeptibility to oxidation. It would appear that in the case 

of hydroxy-proline the oxidation was too vigorous when 

copper sulphate was used with sodium peroxide and so the 

reaotion was oarried too far, resulting in a 10ae of a frao­

tion of the pyrrole. Proline. on the other hand, is ap­

parentl7 more difficult to oxidize beoause when the oopper 

Bulphate was omitted the sodium peroxide alone was not 

oapable of bringing about oxidation to pyrro1e. 
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III. OOLORlMETRIC METHODS FOR THE DF:rERmNATIOlV OF PROLINE 

AND HYDROXY-PROLINS IN PROTEINS 

A Oolorimetrio Method for the Determination of Hydroxy-Eroline 
• 

It has been demonstrated that proline and hydroxy­

proline were responsible for the produotion of pyrrole when 

gelatin was dry distilled. TO increase the yield under such 

conditions a number of oxidising agents were examined and 

it was found that sodium peroxide and oopper sulphate were 

exoellent reagents for this purpose. Furthermore it was 

disoovered that there was a marked differenoe in the sus-

cept1bi11ty of proline and hydroxy-proline to oxidation. 

!bese faots suggested the possibility of evolving oolori­

metric methods for the quantitative determination of these 

two amino acids. 

jn examination of the literature revealed that 

few coloar reaotions were available for the deteotion of 

proline and bydroxy-proline. Morse (1933 ) proposed a new 

oolour reaotion for hydroxy-proline but he made no attempt 

to deve~op it into a quantitat1ve method. Lang (1933) des­

oribed a micro-method for the determination of these two 

amino a01ds. The protein hydrolysate under oonsideration 

was treated with sodium hypoohlorite and Lang assumed that 

this reagent oonverted proline into pyrroline and hydroxy­

proline into hydroxy-pyrro11ne. This method was critiois­

ed b7 Waldsobmddt-Le1tz and Akabori (1934) Who maintained 

that Lang's method was based on a misapprehension. They 
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stated that hydroxy-proline when treated with hypoohlorite 

g1 ves pyrrole in 80% yield and not hydroxy-pyrroline. lIore­

over, they claimed that proline does not react with hypo­

ohlorite. These investigators applied Lang's method to 

the determination of hydroxy-proline in protein hydrolys-

ates. They were unable to detect hydroxy-proline in casein 

and clupein by this method and their values for gelatin, 

namely 9.4 and 8.9%. were quite low as compared with 14.1% 
obtained by Dakin (1920) using ext-raotion with butyl aloo­

hole 

As far as could be ascertained. the above oonsti­

tuted the only known colorimetric method for the determina­

tion of hydroxy-proline. Morse's reaotion was found to be 

very unsatisfactory, even as a qualitative test. However, 

he ueed sodium peroxide as an oxidiling agent and this 

furnished a meagre starting point in the searoh for a oolour 

reaotion to distinguish hydroxy-proline from proline or 

other amino acide. With this background preliminary ex­

periments were commended to evolve a quantitative colori­

metric method for the determination of hydroxy-proline in 

protein hydrolysates. 

lIany a.ttempts were made to obtain a. oolour when 

solid sodium peroxide was added to a solution of hydroxy­

proline but no sucoess was achieved until a solution of 

oopper sulphate was introduced into the rea.otion mixture. 

When this reagent was used a red colour was obtained and 
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after many experiments had been performed the following 

tentative prooedure was adopted. 

Tentative Prooedure. To 1 ml. of a solution 

oontaining 5 mg. of hydroxy-proline was added 0.25 gm. of 

sodium peroxide and 1 mI. of a solution of 0.C2 M copper 

sulphate. When effervescence had ceased, the mixture was 

neutralized with 2 H hydrochlorio acid, using phenolphthalein 

as an indicator and then an excess of hydrochlorio .as added 

to bring the solution to an approximate concentration of 

0.1 H. The solution was plaoed in a boiling water bath 

for a few minutes and a stable red colour developed. 

The ~fect of Copper Sulphate on the Production 

of the Colour. No colour was produced without the use of 

oopper sulphate and proline gave no colour with or without 

oopper even on heating for a prolonged period in a boiling 

water bath. If hydrogen sulphide was used to remove the 

oopper before heating, it was found that the colour failed 

to develop. It was also observed that the addition of 
tt 

oopper sulphate to the reaction mixture after acidifying 

with hydroohloric acid gave no colour. 

At first the colour was developed by heating the 

solution with dilute hydrochloric acid but experiments 

demonstrated that oondensation with isat1n gave a more sat1s-

factory colour. 

When the oopper sulphate was replaoed by 1 ml. 

of ferrio sulphate, n1okeloDs sulphate or manganous sulph-
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ate no oolour was developed. The use of cobaltouB sulph­

ate produoed a trace of colour. 

Since the copper sulphate appeared to play a para­

mount role in the reaotion under oonsideration it was deoid­

ed to investigate the effect of various concentrations of 

this reagent upon the intensity of the colour. The data 

obtained are shown in Table XVIII, and from an examination 

of these data it is evident that under the conditions used 

a solution of 0.04 Y oopper sulphate brought about the 

maximum intensity of oolour. 

Table XVIII 

!he Effect of the Conoentration of Copper Sulphate on the 
Colour IntensitJ 

-
Prooedure: 1 mI. of a gelatin hydrolysate, 1 ml. of oopper 
sUlphate-and 0.2 gm. of sodium peroxide, oooled and neutral­
ized with 2 N hydroohloric a01d. Made up to 10 mI. 
Colour Reaction: 1 ml. of solution, 1 mI. of 0.05% isatin 
in glacial acetic acid and 1 mI. of 2 N hydrochloric aoid 
were warmed for 1 minute. oooled and made up to 10 ml. with 
water. 

CCncentration of 
Copper Sulphate 

(molar) 

nil 

0.001 

0.02 

0.03 

0.04 

0.05 

0.075 

O~10 

Galvanometer 
Readings 

(520 I'ilter) 

nil 

nil 

21.75 

8.00 

7·00 

8.25 

9·75 
19·00 



The Use of Solid Sodium Peroxide 

The next variable in the reaction under con­

sideration to be examined was the use of solid sodium perox­

ide as the oxidizing agent. It was observed that the method 

of adding this reagent had a marked effect on the intensit~ 

of the colour produced. This fact was made evident by the 

values obtained in the following experiments. 

A 0.2 gm. sample of powdered sodium peroxide was 

added qaiokly to a mixture of 1 ml. of a gelatin hydrolys­

ate and 1 ml. of a 0.04 ~ solution of copper Bulphate oon­

tained in a 50 ml. ~lenmeyer flask. The flask was rotated 

until all effervesoence had ceased and than it was oooled 

in running water. The solution was neutralized with 2 N 

hydroohlorio aOid,and a slight excess of aoid was added. 

It was made up to 10 ml.,and the colour was developed in 

the usual manner. A measurement of the intenSity of the 

colour was made on the colorimeter, and a value of 28·50 

was obtained, using the 520 filter. 

The above experiment was repeated. and a reading 

of 23.00 was obtained. This indicated that the results 

00u1d not be dDplioated when this prooedure was ased. ~he 

effeot of adding the sodium peroxide slowlY was next ob­

served, and it was found that a more intense oolour was 

produced a8 indicated by a galvanometer reading of 13·5°· 
When this experiment was repeated a value of 13.75 was ob­

tained. Thie shovved that the results could be readilY 

duplicated under these oonditions. 
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However, when the sodium peroxide was added still 

more slowly than in the above exp eriments t a reading of 9"050 

was observed on the galvanometer. ~eriments such as these 

euggested that the addition of solid sodium peroxide was 

unsatisfaotory and so in the next determinations the sodium 

peroXide was added in solution. 

The Use of Sodium Peroxide Solutions. Solutions 

of sodium peroxide were prepared, varying in concentration 

from 0.2% to 2% and these were used to determine the con­

centration of sodium peroxide which gave the maximum inten­

sity of oolour in the reaction under consideration. -The 

data obtained are shown in Table XIX,and it 1s evident that 

5 mI. of a 1% solution of sodium peroxide was sufficient to 

prod.uce the maximum intensity of oolour. An examination 

of Table XIX also reveals that the values oan be readily 

duplicated under these oonditions. 

Table XII 

The Effeot of Various Concentrations of Sodium 
Peroxide Solutions 

Prooedure: fo 1 ml. of a gelatin hydrolysate was added I 
mI. of 0.04 M copper sulphate and 5 ml. of a sodium peraz­
ide solution, and the usual prooedure was followed for the 
development of the colour 

oonoentration of 
Sodium Peroxide used 

Per oent 

0.2 
0·5 
1.0 
1.0 
2.0 

Galvanometer Reading 
(520 Fil ter) 

78.00 
58.50 
32 .50 
32•25 
33·00 
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The Use of Hydrogen Peroxide and Sodium Hydroxide 

as. the 0xi4iz1ng Agent. It was demonstrated in the above 

experiments that a 1% solution of sodium peroxid,e waS satis­

factory but it was believed that a solution of hyarogen 

peroxide and sodium hydroxide would be as effeotive and 

more convenient. By calculation it was found that 1 mI. 

of a 6~ solution of hydrogen peroxide and 1 mI. of 10~ 

.odium hydroxide would be equivalent to 5 mI. of a 1% solu­

tion of sodium peroxide. To make certain that these amounts 

of hydrogen peroxide and sodium hydroxide were sufficient 

experiments were conducted, varying the concentration of 

these reagents, and the data obtained are given in Table XX. 

An examination of this table reveals that 1 ml. of 6% hydro­

gen ~roxide and 1 ml. of 10% sodium hydroxide are adequa~e 

and that the values can be readily duplicated. 

Table XX 

The Effect of Varjing the~ Amounts of Sodium Hydroxide 
and Hydrogen Perox1 de 

Amount of 
10% Sodium 
Hydrox1de used 

(ml. ) 

1.0 

2.0 

1.0 

Amount of 
6% hydrogen 
peroxide ueed 

(ml. ) 

1.0 

2.0 

Gal vanometer 
Reading 

(520 filter) 

27·00 

27·5° 
27·50 
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The ~fect of Temperature and Time of Heating 

~per1ments were next parformed in Which the red 

colour was developed at 80°C and 100°0, and the effect of 

the time of heating at these t~peratures was observed. 

!hese data are recorded ~ Table XXI. 

Since a slightly more intense oolour was obt&1n­

el b7 heating at 100°0 for only 1 minute it was decided to 

develop the red colour by heating the solution in a boil­

ing water bath. An experiment was next performed to ob­

serve the effect of the time of heating at 1000C, and the 

data are reoorded in Table XXI. 

Table XXI 
The Effect of Time of Heating on the Intensity of the 

Red Colour 

Time Temperature Galvanometer Reading 

(minutes) (oC) (520 filt er) 

1 80 63·5 
2 80 36.5 

3 80 26.0 

1 100 ?).OO 

2 100 14.00 

3 100 13·00 

4 100 13·00 

5 100 13·00 

From this data it was evident that the maximum 

intensity of colour was developed in 3 minutes and so thi8 

time of heating was used in all subsequent experiments. 
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The Effect of the Hydrochlorio Aoid Oonoentration. 

To discover the effect of the concentration of hydrochloric 

acid on the production of the red colour, a number of experi­

ments were performed using the aoid in varying strengths. 

The usual procedure was followed. Data secured in these 

experiments are shown in T~ble XXII, and it is evident that 

2N aoid is almost as effeotive as 12 N and so in all sub-

sequent determinations 1 mI. of this ooncentration of hydro­

chloric aoid was used in the development of the oolour. 

Table XXII 

The E£feot of Hydrochloric Acid on the IntenSity 
of the Bed Colour 

HYdroohloric Adid 
Concentration 

(normality) 

12 

6 

2·4 
2.0 

Galvanometer Reading 
(520 Filter) 

39·00 

37·00 

39·00 

41 .50 

The Effect of Isatin on the Colour Intensity. 

It had been found by experiment that 1 ml. of 0.05% isatin 

in glaoial acetic acid produced the maximum intenSity in 

the development of the red colour. However, the value 

for the blank with this concentration of isat1n was 76.00, 

and this was considered to be too high for the blank read­

ing. Furthermore, when the intenSity of red colour was 
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measured using all the available filters, the observations 

obtained suggested that two colours were being measured 

instead of one. These facts made it neoessary to reduce 

the concentration of isattn used in the development of the 

oolour, and so experiments were conducted to find the con­

oentration of isatin Which would produoe the maximam in­

tenSity of colour and at the same time give a low reading 

in a blank determination. ~he data obtained from these 

experiments are recorded in ~able ZXIII. 

Table XXIII 

The ~feot of Isatin Conoentration on the Red Colour 

Amount of 0.05% 
Isatin used 

(mI. ) 

0.05 

0.10 

0.15 

0.20 

0·30 

For 

Galvanometer Readings 
(520 filter) 

Red Colour For Blank 

49·50 69.00 

47.00 71.00 

44·50 72.00 

35·50 69·00 

36.00 70.00 

. 

~amdnation of Table,XIIII shows that the max­

imum intensity of colour was secured when 0.20 mI. of 0.05' 

isatin was used and the blank reading was the same as that 

obtained with muoh lower concentrations of this reagent. 

It was oonsidered advantageous to use 1 mI. of 

an isatin solution rather than 0.2 ml., and so- 1 mI. of a 

0.01% aqueous solution of 1sat1n was used in all .subseqnent 
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experiments. Experience has shown that a fresh soluti on 

of the reagent should be prepared ever7 few days. If this 

precaution i8 not observed, low values for hydroxy-proline 

w1l1 be obtained. 

~he Time of Heating the Reaction Mixture. In 

the preliminary experiments the mixture of hydroxy-proline, 

copper sulphate and sodium peroxide was stirred until effer­

vescence ceased and then oooled before neutralization with 

hydrochlorio acid. It waS observed that the results could 

be more readily duplicated if the reaction mixture was allow­

ed to stand for exactlJ 5 minutes from the time of prepar­

ation, shaken occasionally, and then placed on a boiling 

water bath for another five minutes. At the end of that time 

it was cooled in running water and neutral11ed With hydro­

ohloric acid. To make certain that five minutes was suf­

ficient time for heating on the water bath, an experiment 

was performed in which the reaction mixture was heated for 

ten minutes. It was found that almost exactly the same 

result was obtained 8S when the time of heating was five 

minutes. When the heating was omitted and the reaction 

mixture placed in the ice-box for ten minutes, it was 

found that no colour was developed. These experiments 

indicated that this heating on the water bath was neces-

sary and that five minutes was an adequate time. 



A ~urther Stud~ of the Effect of Copper Sulphate 

At the commencement of this investigation it was found that 

1 ml. of 0.04 M oopper sulphate produced the maximom colour 

under the conditions used at that time. Subsequently the 

procedure had been altered considerably,and so it was deoid­

ed to study again the effect of the copper sulphate concen-

trat10n upon the production of the red oolour. 1 ml. of a 

gelatin hydrolysate was the source of the hydroxy-proline 

and the usual procedure was followed. 

The data obtained are given in Table XXIV, and 

an examination of this table shows that a solution of 0.01 

Y copper sulphate produced the maximum intensity of colour t 

and so in all subsequent experiments, this concentration 

of copper sulphate was used. 

Table XXIV 

The ~fect of Concentration of Copper Sulphate on the Intensity 
of the Red Colour 

Concentration of Galvanometer 
Copper Sulphate Reading 

(molar) (520 filter) 
( average of 2 

determinations) 

0.001 49·00 

0.005 47·75 

0.010 37.50 

0.010 37·00 

0.020 46.75 

0.050 42.00 

0.100 42 •88 



stability of the Red Colour. The stability of 

the red colour was determined by measuring its intensit,y 

at various intervals of time, and the data obtained are 

given in Table XXV. These values show that this colour 

is quite stable. 

Table .xxv 
Stability of the Red Colour 

Time Galvanometer 

(minutes) 
Reading 

(520 Filt er) 

0 29·00 

15 29. 25 

30 29·50 

60 30.00 

Preparation of Approximate Absorption Curves for 
• 

the Red Colour. The question arose as to whether the red 

colour obtained from pare hydroxy-proline by this method 

was identical with that secured from a gelatin hydrolysate. 

The onlY available means to settle this problem was to pre­

pare approximate absorption curves by the use of a series 

of filters, each transmitting narrow portions of the visible 

spectrum. The data observed are recorded in Table XXVI, 

and the curves are shown in Figure IV. An inspection of 

Pigure IV suggests that the red colour obtained from a 

gelatin hydrolysate was identical with that developed from 

pure hydroxy-proline. 
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Jl1gure lV 

Approximate Absorption Ourves 
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Table XXVI 

Data for the Preparation of Absorption Curves for the 
Red Colour 

Wave Length Galvanometer Readings 
of J'11ter 
(millimiorons) Hydroxy-Proline Gelatin Hldrollsate 

420 66·50 58.00 

440 66.00 58.00 

520 49·00 47·00 

540 56•00 53·00 

600 76.00 71.5° 
620 79·00 76.00 

660 87·50 83·00 

It is al.e 0 evi dent, from an examina t1 on 0 f Figu re 

IV, that the peak of absorption ocours at 520 millimiorons. 

Aooordingly, the 520 filter, standa.rd for the instrument, 

wa. always used for this determination. 

Ereparation of the Calibration Curve. Some pre­

liminary experiments had indioated that the reaction as 

evolved would likely serve as a quantitative oolorimetric 

method for determination for hydroxy-proline in protein 

bydrolysates. Aooordingly, the following experiments 

were performed to secure data for a oalibration curve. 

A 100 mg. sample of pure hydroxy-proline (East-

man Kodak) was dissolved in water, and the solution was 

made up to 50 mI. It was then poured into an aoourate 

burette, and various amounts were transferred to 10 mI. 
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volumetric flaSks. These flaSks were made up carefully 

With water to the 10 mI. mark, and after being thorough17 

mixed, 1 mI. was taken for the oolorimetric determination. 

The procedure used was as follows: 1 mI. of the 

hydro~-proline solution was plaoed in a 50 mI. Erlenmeyer 

flask, and to it 1 mI. portions of copper SUlphate (0.1 M), 

sodiom hydroxide (10%), and hydrogen peroxide (6%) were 

added in the order mentioned. This mixture Was allowed to 

stand for exactly five minutes, With shaking at frequent 

intervals. It was then placed on a boiling water bath for 

five minutes, cooled, and neutralized by the addition of 

1.5 ml. of 2N hydrochlorio aoid. The solution was next 

made up with water to exactly 10 mI. in a 10 mI. graduated 

glass-stoppered cylinder. After thorough mixing, 1 mI. 

was taken from the oylinder with a pipette and plaoed in 

another dry 10 mI. graduated, glass-stoppered oylinder. 

1 ml. of a freshly prepared aqueous solution of 0.01% isatin 

and 1 mI. of 2N hydrochloric aoid were added to this 1 mI. 

portion of the solution, and the mixture was placed in a 

boiling water bath for exactly three minutes. The oylinder 

was first cooled in air for five minutes, and then oooling 

was continued in running water until the solution had at­

tained the temperature of the laboratory. Water was added 

to the 10 mI. mark, and after being thoroughly mixed the 

red solution was placed in a color1~eter tube. The in­

tensity of the oolour was measured at once in the color­

imeter, using the 520 light filter. The data obtained are 
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given in Table XXVII and from these data a calibration 

ourve was prepared, which is shown in Figure V. 

Tab1e XXVII 

To Show that Beer's Law Applies to the Red Oolour Developed 
in the Determination of HydxoX7-Proline 

C G L K 
Conoentration Galvanometer 

2-loS G of Hydroxy- Reading L II 2-1og G K= 
Proline (520 filter) C 

(mg. per ml.) (average of 
2 determin-

ations ) 

0.20 85.37 0.0687 0·3435 
0·40 72.00 0·1427 0·3568 
0.60 60.69 0.2168 0.3613 
0.80 51.63 0.2870 0.3588 

0·90 47·44 0.3230 0·3589 
1.00 45.25 0·3440 0·3440 
1.20 40.00 0.3980 0.3317 

1·40 32•63 0.4860 0·3471 
1.60 29·38 0.5320 0.3325 

Mean Value of IC • 0.3483 ! 0.0095 

Examination of Table XXVII shows that the red 

colour developed in these determinations conforms to Beer's 

Law. ~ oalculation the mean value of K was found to be 

0.3483 ! 0.0095. with a maximum variation of 0.0166. From 

the straight line relation between hydroxy-proline concentra­

tion and 2-log G, as shown in Figure V. it is evident that 

X is a constant over the range plotted. 
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Applioation of the Method to Protein Hydrolysates. 

To discover whether this method could be applied 

to the determination of hydroxy-prOline in protein hydro­

lysates, a number of determinations were performed on gelatin 

hydrolysates. Various methods of hydrolysis were used, and 

oomparable results were obtained. A few of these experi­

ments are described below. 

A 0.5 gm. sample of gelatin was heated with 10 

ml. of 3D hydroohloric acid in an autoolave for 6 hours at 

a temperature of 1500 0, and a pressure of 170 pounds. At 

the end of that time the hydrolysate was neut~lized with 

sodium hyaroxide to a phenolphthalein end-point, filtered 

and made up to 50 ml. with water. 1 ml. of this hydrolys­

ate was taken for a determination. and the data obtained 

are recorded in Table XXiIlI.The moisture content of the 

gelatin used in the experiments was found to be 10.17%, 

and the percentage of hydroxy-proline was always caloulated 

on the dry basis. In this experiment, 14-53% of hydroxy­

proline was found in the hydrolysate. 

The above experiment was repeated, except that 

10 mI. of oonoentrated hydroohlorio aoid was ~ed instead 

of 10 m1. of 3H hydroohlorio acid for hydrolysis. In 

this oase, 13.69% of hydroxy-proline was found, indicating 

that a small amount of the ~1no acid was lost under these 

oonditions. 
A number of other similar determinations on gel-

attn were performed and the data from a few of these are 
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recorded in Table XXVIII-. 

It was found that saturated barium hydroxide was 

more satisfactory for the hydrolysis of proteins for this 

purpose than the other methods used, as the hydrolysatee 

obt&ined by this method were a1most free of cOloured i~ 

purities. Gelatin hydrolysates were almost water clear and 

those from casein were light yellow in co1our. A typical 

experiment us 1ng barium hydroxide is de'sori bed below. 

A 0.5 gm. sample of gelatin was heated with 20 

mI. of saturated barium hydroxide in an autoolave at 12000 

for six hours. At the end of that time. 5 mI. of 10% sul­

phuric acid was added to the hydrolysate, and after oooling 

the mdxture was filtered and made up to volume. The 1 mI. 

portion whioh WaS taken for the hydroxy-proline determina-

tion was neutralized with a few drops of 10% sodium hydrox­

ide, using phenolphthalein as an indicator, before there­

agents were added. A total of 66.24 milligrams of hydroxy­

proline was found in this hydrolysate, and oalculation 

showed that this represented 14.75% of the sample. 

The mean value of the results shown in Table XXVIII 

was found to be 14.03. This is in close agreement with the 

values obtained by Dakin (1920), 14.1%, and by Bergmann 

(1935), 14.4%-
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Table XXVIII 

The Determination of Hydroxy-Proline in Gelatin Hydrolyeatea 

Volume Galvanometer Hydroxy- Hydroxy-
of Reading Proline Proline 

Method of Hydro- (520 filter) (mg. per Per Oent 
Hydrolysis lysate (av. of 2 ml. of (dry 

(ml. ) determin- hydrolysate) ba.siS) 
ations) 

10 mI. 311 H01, 6 brs. 
1500 0 50 35.13 1·305 14·53 

10 ml. cone. HCl, 
6 bre., 150°C 50 37·25 1.230 13.69 

10 ml. 3lil HC1, 5 hrs. 
1500c• 50 35.63 1.288 14·34 

10 mI. 3li HCl, i hra. 
500 0 50 36.00 1 •. 275 14·19 

10 mI. 3R HCl, 6 hre. 
150°0 50 34·75 1.318 14.67 

20 ml. sat. Ba(OH)~, 
11~ 6 hra., 120 C 39·75 0.0576 14·75 

15 ml. eat. Ba(OH)2 
3 brS. t 15000 50 39·00 1.174 13·07 

Mean value of Hydroxy-Proline (%) 14·03 

* 2 ml. of this hydrolysate Dsed for determination of hydroxy­
proline. 

To seoure some inform$.tion regarding the purit~ 

of the gelatin used in these experiments, analyses for nitro­

gen were made, using a micro-Kjeldah1 method. The average 

of two determinations gave a value of 17.46% on the dry 

basis. This agrees closely with the value of 17.89% given 

by ~tohell and Hamilton (19 29) and indioates that the 

sample of gelatin is reasonably pure. 



Several attempts were made. without success, to 

determine hydroXl-proline in casein, lactalbumin, egg al­

bumin. edestin. and blood albumin, and so it was evident 
c 

that the method as employed was not suitable for the det­

ermination of very minute quantities of hydroxy-proline. 

but it could probably be modified for this purpose. 

/ 

/ 



-92-

A Oolorimetri0 Method for the Determination of Proline in 

Proteins 

An examination of the literature revealed that 

apparently Lang's (1933) method was the only available 

oolorimetrio one for the detenninat10n of proline in pro­

tein hydrolysates. According to Waldschmidt-Leitz and 

Akabori (1934) his method is based on a misapprehension, 

and they claimed that it was onlY suitable for the deter­

mination of hydroxy-proline. Lang evidently did not recog­

nize that proline and hydroxy-proline differ greatly in 

their susceptibility to oxidation. This difference was 

observed several times during the course of this invest­

igation, and it must be considered in any method in which 

these oompounds are both subjected to the same oxidizing 

agent as in Lang's (1933) method. 

The Use of Sodium Peroxide and.Copper SulRhate 

Yor the Oxidation of Proline. 

It was found when proline was dry distilled With 

sodium peroxide and copper sulphate that pyrrole was pres­

ent in the distillate. This experiment suggested that these 

reagents mdght be used to oxidiz8 proline to pyrrole or 

some derivative of pyrrole which would give a colour with 

1sat1n or Ehrlich's reagent. With this idea in mind the 

folloWing experiment was performed. 

A mixture con8ieting of 1 ml. of proline contain-

ing 2 mg., 0.5 gm. sodium peroxide and 0.1 ml. of 10% cop-
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per sulphate was heated in a test tube over a Bunsen burner 

for 5 minutes. The tube was oooled, and the solution was 

neutralized with hydroohlorio acid, and the volume made up 

to 10 mI. 1 ml. of this solution was warmed on a boiling 

water bath for 1 minute with 0.2 ml. of a 2% solution of 

Ehrlich's reagent, dissolved in 95% alcohol. A red oolour 

was observed. The isatin test for pyrrole was made on 1 ml. 

of this same solution, but no pyrrole-b1ue was observed. 

In addition, the prooedure used for the determination of 

hydroxy-proline was applied to this solution but no oolour 

was deve1oped. 

To disoover whether hy4roxy-pro11ne would also 

react in a similar manner, the following experiment was 

performed. To 1 ml. of a hydroxy-proline solution oon­

taining 2 mg. was added 0.5 gm. sodium peroxide and I mI. 

of 10% copper sulphate. This mixture was plaoed in a test 

tube and heated on a boiling water bath for five minutes. 

It was then oooled and aOidified With 1 mI. of oonoentrated 

hydrochloric aoid. The solution was made up to 10 ml. with 

water, and 1 ml. was warmed with 0.2 mI. of 2% ~lich's 

reagent, and 1 ml. of 2N hydrochloric aoid. A red colour 

waS produced under these conditions. 

The Oxidation of Proline with a ~xture of Copper Sulphate, 

Sodium Hydroxide and Hydrogen Peroxide. 

To ascertain whether proline would be oxidized 

under les6 drastio conditions than those used in the 

above experiments. the fo11owing procedure was followed. 
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To 1 ml. of a proline solution containing 2 mg. 

was added 1 mI. of a 0.01 M solution of copper sulphate, 

1 ml. of a 10% solution of sodium hydroxide and 1 mI. of 

a 6~ solution of hydrogen peroxide. This mixture was sub­

jected to the same treatment as was used in the determina­

tion of hydroxy-proline. The final solution was made up 

to 10 ml. and 1 mI. was used for the colour reaction with 

Ehrlich's reagent. A red colour similar to that observed 

in the above experiments was produced. 

The above experiment was repeated except that a 

solution of hydroxy~pro11ne was used instead of proline. 

A red oolour was again developed with Ehrlich's reagent, 

which appeared to be the same shade of colour as was pro­

duced from proline under the same conditions. 

A Suggested Method for the ~etermination of Proline in 

Protein Hydrolysates which a1eo Contain Hydroxy-Proline 

These preliminary experiments suggested the pos­

sibility of evolving a method for the deter.m1nat1on of 

proline in protein hydrolYsates Which also contained hydrox,y-

proline. 

The proposed procedure was as follows:-

(1) Determine the relative intensity of the red colour 

which is developed by the use of Ehrlich's reagent from 

the same amoont of proline and hydroxy-proline under 

identical conditions. It was found that 1 mg. of 

hydroxy-proline produced the same intensity of colour 

as 10 mg. of proline. 
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(2) Determine the hydroxy-proline content of the hydrolys­

ate by the colorimetric method already described. 

(3) Measure the intensity of the red colour obtained from 

1 ml. of the hydrolysate when Ehrlich's reagent is used, 

and from a calibration curve, prepared by subjecting 

various concentrations of proline to the procedure des­

cribed in the above experiments and developing the colour 

with Ehrlich's reagent, the combined proline and hydroxy­

proline content of the hydrolysate would be obtained in 

terms of mg. of proline. 

(4) Convert the value obtained in (2) into equivalents of 

proline and subtract this from the value secured in (4). 

This difference ould be an expression of the mg. of 

proline in 1 mI. of the hydrolysate. 

-
Trr il1ustr te~this methoa, the following example ~ 

wi be disoussed. Suppose a hydrolysate contained 2 mg. 

of hydroxy-proline and 1 mg. of proline. By following the 

procedure outlined,in (3) we secure a value of 21 mg. of 

proline per mI. The value obtained in (2) could be 2 mg. 

of hydroxy-proline, and this would be equivalent to 20 mg. 

of proline. Subtraction of 20 mg. from 21 mg. gives us a 

value of I mg. per mI. for proline. 

This is admittedlY a rather involved procedure 

but it seemed to be the only way to determine proline 

oolorimetrically when hydroxy-proline was present. Of 

course, in h drolysates which contained no hydroxy-pro-



line, the method would be a straightforward one. With this 

idea in mind, a considerable amount of experimental work 

was performed. Some of these experiments are described in 

detail below. 

The Effect of Temperature on the Intensity of the Colour 

Produced with Ehrlich's Reagent 

To study the effect of temperature on the produo-

tion of colour with Ehrlich's reagent, the following experi­

ment was carried out. 

A mixture of 5 mI. of 0.01 M copper sulphate solution, 

5 mI. of 10% sodium hydroxide, and 5 mI. of 6% hydrogen per­

oxide was added to 5 mI. of a gelatin hydrolysate. The solu­

tion was allowed to stand for 5 minutes, then placed on a 

boiling water bath for the same length of time. It was 

next cooled in running water and neutralized with 3 N hydro­

ohloric aoid. The final solution was made up to a volume o~ 

50 ml. with water. Six I mI. portions of this solution 

were treated with 0.2 mI. of 2% Ehrlich's reagent, and 1 mI. 

of 2N hydrochloric acid, and they were heated for 3 minutes 

at different temperatures. At the end of that time, they 

were oooled in running water and made up to 10 mI. with 

water. The intensity of the colour was measured by the color-

imeter, using 520 and 540 filters. The data secured are 

shown in Table XXIX. 
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Table XXIX 

The Effect of Temperature on Colour Produoed with 
Ehrlioh's Reagent 

Tempera.ture Galvanometer Readings 

°0 520 filter 540 Jlilter -
50 81·50 80.00 

60 68.00 67·00 

70 49·00 50.00 
80 25·50 27·5° 

90 18.00 19·00 

100 19·50 20·50 

Examination of Table XXIX shows that the max-

imum intensity of colour was developed at 900e, and that 

there was a very slight Aeorease in the intensity at 10000. 

Since it is diffioult to maintain a. constant temperature 

of 90°0, it was deoided to use 100°0 in the development of 

the colour. This temperatore was used in all subsequent 

experiments to develop the red colour with Ehrlioh's reagent. 

It was discovered that dilution with 95% ethyl 

alcohol to the 10 m1. mark, after the oolour had been pro­

duced. gave a more intense colour than when the dilation 

was performed With water. Thus, in one experiment, dilu­

tion with alcohol gave a reading on the galvanometer of 

18.00, whereas dilution With water only gave a reading of 

29.00. For this reason, alcohol was used in all subsequent 

experiments when diluting to the 10 m1. ~.rk. 



The Effect of Time of Heating on the Production of Colour 

hperlments were next performed to study the 

effect of the time of heating in the water bath on the 

production of the colour. A gelatin hydrolysate was used 

and the usual procedure followed. The data obtained are 

recorded in Table XXX. and it 1s evident that heating for 

two minutes produced the max~um intensity of oolour. 

Table XXX 

The Effect of Time of Heating on Production of Colour 

Time Galvanometer Reading 

(minutes) (520 filter) 

0·5 64.00 

1.0 39·00 

1·5 38.00 

2.0 37·50 

3·0 41.00 

5·0 42.00 

The Effect of Various Conoentrations of Ehrlich's Reagent 

on the Production of Colour 

Experiments were next conducted, using the same 

procedure as above, to ascertain the effect of the concen­

tration of Ehrlioh's reagent on the production of the colour. 

The data obtained showed that 1 mI. of 2% Ehrlich's reagent 

produced the most intense colour, and so this concentration 

of the reagent was used in all subsequent experiments. 
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The Effeot of Various Ooncentrations of Hydroohloric Aoid 

on the Production of the Red Oolour 

To discover the effect of various concentrations 

of hydroohloric acid upon the production of the red colour, 

experiments were performed using different strengthaof 

this reagent. The data obtained are given in Table XXXI. 

These observations showed that 2 N hydroohloric aoid was 

the most effective, and so that concentration of acid was 

utilized in all the subsequent experiments. 

Ta.ble XXXI 

The Effect of Various Concentrations 
of Hydrochloric Aoid 

Normality of 
Hydrochloric aoid 

2.0 

12.0 

Galvanometer 
Reading 

(540 Filter) 

63·00 

43·00 

40.00 

40.00 

48·50 
86.00 

.. 
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Attempts to Remove the Oxidation Produ~t of Proline and 

Hydroxy-Proline by Steam Distillation 

It was considered that it would be a distinot 

advantage to be able to remove by steam distillation the 

compound which produoed the red colour with Ehrlich's re­

agent. The reason for attempting to do this was that it 

was feared the reagent might possibly react with other sub­

stanoes in a protein hydrolysate besides the oxidation product 

of proline or hydroxy-proline. With this aim in mind, the 

following experiments were performed. 

To a 1 ml. solution of hydroxy-proline oontain-

ing 1 mg. was added 1 mI. of 0.01 M copper sulphate, I mI. 

of sodium hydroxide (10%), and 1 mI. of hydrogen peroxide 

(6~). This mixture was allowed to stand for 5 minutes and 

then steam distilled until 50 ml. of distillate was ob­

tained. I mI. aliquots were taken for the tests with Ehr­

lich's reagent, and with isatin. In both cases no colour 

developed. 

The above experiment was repeated, using 5 mI. 

of proline containing 4.0 mg., and 5 mI. of each of the 

reagents. The mixture was steam distilled until 25 mI. of 

distillate was obtained. I mI. portions were used for the 

teats with Ehrlich's reagent, and with isatin. In both 

oases the results were negative. 

An examination of the liquid in the distilling 

flask showed that it gave a positive colour reaction with 

Ehrlioh's reagent, but no colour could be developed with 
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isatin. This indicated, rather definitely. that the oxid­

ation product formed under the conditions of the above pro­

oedure oould not be removed by steam distillation. 

An Attempt to Extract the Oxidation Product with Ether 

An attempt was next made to extract the Oxidation 

product With ether. 1 ml. of a gelatin hydrolysate was 

treated with the usual reagents, and the resulting mixture 

was extracted several times with 5 mI. portions of ether. 

The ether was evaporated off. in the manner as already 

described, and the residue was made up to 10 ml. 1 mI. 

of this solution failed to give a colour with Ehrlioh's 

reagent. 

~he Use of Lead ~az1de to Oxidize Pr,011ne and Hydro:x:y-Froline 

At this point in the investigation, it was decided 

to search for other means of oxidizing proline and hydroxy­

proline with the h9pe of securing oxidation products whioh 

would be volatile in steam. After examining a number of 

oxidizing agents for this purpose. it was finally discover­

ed that lead mart d·e was capable of oxidizing both proline and 

hydroxy-proline to products which gave a red colour with 

Ehriicb's reagent. Furthermore, these oxidation products 

were also volatile in steam. A typical experiment which 

illustrates these facts is described below. 

To 1 gm. of lead Matfes Y,'as added 2 ml. of proline 

containing 8 mg., and the mixture waS steam distilled until 

50 ml. of distillate was collected. 1 ml. was taken for 
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the coloar reaotion with Ehrlich's reagent,and a red colour 

was observed which gave a reading of 52.75 on the galvan­

ometer when the 540 filter was used. 

A number of similar experiments were conducted 

with solutions of proline and hydroxy-proline, but the res­

ults could not be duplicated when the above procedure was 

used. However, it was discovered that if the proline or 

hydroxy-proline solutions were first refluxed with lead di­

oxide for a definite time and then steam distilled, the 

values could be duplioated. It was found that 100 mI. of 

distillate must be collected to secure a complete recovery 

of the volatile oxidation product, and so in all subsequent 

steam distillation experiments this volume of distillate 

was collected. 

The Effect of the Time of Refluxing on the Production of 

the Red Colour 

~er1ments were next performed to discover the 

effect of the time of refluxing on the production of the 

red colour. The procedure used in these experiments was 

as follows:- 5 mI. of a hydroxy-proline solution was added 

to 1 gm. of lead dioxide in a 50 mI. Erlenmeyer flask and 

the flask was i1 tted Wi th an air condenser. The flask was 

placed in a boiling water bath and heated for various 

intervals of time. At the end of the time of heating, it 

was cooled in running water, and the contents Ttere filtered. 

The oondenser was washed With 25 mI. of water and the wash­

ings were added to the filtrate. The residue on the filter 
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paper was washed with water until the volume of the filtrate 

was 50 mI. 1 mI. of this solution was used for the devel­

opment of the red colour by the usual procedure. The data 

obtained are shown in Table XXXII. After an examination of 

these data, it was decided to use 30 minutes as the time of 

refluxing in all subsequent experiments of this kind. 

Table XXXII 

The ~feot of Time of Ref1uxing 

Time Qf 
Refluxing 
(minutes) 

5 
10 

15 
30 

60 

Galvanometer 
Reading 

(540 Filter) 

58 .00 

42.00 

43·00 
31.50 

29·00 

The ~feot of Various Quantities of Lead Dioxide on the 

Colour Intensity 

Similar experiments were conduoted to discover 

the effect of various quantities of lead dioxide upon the 

reaction under consideration, and the data secured are 

shown in Table XXXIII. An examination of this table shows 

that 1 gm. of the oxidizing agent was adequate for the pro­

duction of the maximum intensity of colour. 
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Table XXXIII 

The ~fect of Lead Dioxide Conoentration 

Amount of Galvanometer Reading 
Lead Dioxide (540 Filter) 

(gms. ) 

0.2 45·50 

0·5 41.50 

1.0 27·00 

1·5 26.00 

2.0 28·50 

3·0 29·00 

5·0 43. 25 

Prooedure Adopted, using Lead Dioxide and Steam Distillation 

After many preliminary experimen~had been per­

formed, the following procedure waS adopted:- 5 mI. of 

proline solution and 1 gm. of lead dioxide were refluxed 

for 30 minutes on a boiling water bath. The mixture was 

then oooled in running water and the oondenser washed With 

25 ml. of water. The lead dioxide was filtered off and 

washed with 25 mI. of water. The filtrate was collected 

in a steam distillation reaction flask and then it was steam 

distilled until 100 ml. of distillate was collected. 1 mI. 

of the distillate wasueed for the oolour reaction with 

Ehrlioh's reagent. 
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Attempts to Determine Proline in Gelatin Hydrolysatee 

Using the above procedure oalibration curves were 

prepared for proline and hydroxy-proline and many unsuccess­

ful attempts were made to determine proline in gelatin 

hydrolysates by the method proposed on page 94 for the 

determination of proline in hydrolysates Which also con­

tain hydroxy-proline. In nearly all cases the values for 

proline were considerably lower than those given in the 

literature and so this proposed procedure had to be dis­

oarded and efforts were next made to evolve a method for 

the determination of proline in protein hydrolysates Which 

were known to be almost free of hydroxy-proline. 

The Effect of Phosphate Buffer Solutions on the Colour 

Production 

A large number of preliminary experiments had 

indicated that the pH of the reaction mixture had a marked 

effect on the oxidation of proline and hydroxy-proline by 

lead dioxide. To discover what the effect of phosphate 

buffers would be on the reaction under consideration the 

following experiments were carried out. 

Two ml. aliquots of an egg albumin hydrolysate 

were refluxed with 10 mI. of various phosphate buffers 

and 1 gm. of lead dioxide for 30 minutes. The usual pro-

cedure was employed except that a slightly different 

procedure was used in the development of the colour. 

The colour reaotion used here consisted of heating 5 ml. of 

the final solution with 1 ml. of 4% ~lich's reagent and 
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1 ml. of 6 H hyd.rochloriO aoid on a boiling water bath for 

1 minute. The data secured are recorded in Table XXXIV. 

and an examination of this table reveals that the pho~hate 

buffer With a pH of 8.7 was the most effeotive, and so it 

was used in all subsequent experiments. 

Table XXXIV 

The ~fect of Pho~hate Buffer Solutions 

pH of' Buffer 

water (no buffer) 

Colour ~rocedure Adopted 

Galvanometer Reading 
(540 Filter) 

66.00 

43·00 
54.00 

39·50 

In the above experiment, 5 mI. of the final solu-

tion was used instead of 1 mI. for the development of the 

oolour. To make the procedure even more sensitive, 10 ml. 

were henceforth taken for the oolour reaction. Of course 

that meant that the variables in the colour reaction had to 

be studied again, with a view to securing those conditions 

whioh would produce the maximnm intensity of colour. Ex­

periments were performed to disoover these conditions and 

finally the following colour procedure was adopted. 
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10 ml. of the final solution was heated with 1 ml. 

of 4% Ehrlich's solution in 95% aloohol and 1 mI. of 2 N 

hydrochloric acid for 1 minute on a boiling water bath. 

The solution was cooled for 5 minutes in air and then in 

running water. It was then poured into a colorimeter tube 

and the intensity of the oolour was measured. 

It was found that steam distillation appeared to 

destroy a fraction of the oxidation product and so that 

part of the procedure was discarded. 

Procedure Adopted Using Lead Dioxide and Omitting steam 

Distillation 

After many preliminary experiments had been per­

formed, it was decided to adopt the following procedure: 

The volume of the solution under oonsideration 

was diluted to exactly 10 mI. With water and added to 10 

ml. of phosphate buffer (pH of 8.7) and 1 gm. of lead di­

oxide. This mixture was refluxed for 30 minutes, cooled 

and filtered. The residue on the filter paper was washed 

with 25 ml. of water and the filtrate made up to a definite 

volume. 10 ml. was taken for the colour reaction. 

lTeparation of a Calibration Carve 

~o secure data for a calibration curve the follow-

ing experiment was performed. I ml. of proline (5 mg.) was re­

fluxed with the usual reagents, and the method as described 

above was followed. The filtrate was made up to 100 ml t 

and the colour reaction was performed on aliquot. of this 
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solution. The data obtained are reoorded in Table XXXV. 

Table XXXV 

To Show that Beer's Law Applies to the Red Colour Developed 
in the Proline Procedure 

0 G L K 
Conoentration Gal v&nome.ter L II 2-1og G 
of Proline Reading X- 2-10£ G 
(mt./~oo mI.) (520 Filter) C 

1 87·50 0.0580 0.0580 
2 76.00 0.1192 0.0596 

3 66.00 0.1805 0.0602 

4 59·00 0.2291 0.0573 

5 54·50 0.2636 0.0527 

Yean value of K a 0·°578 • 0.0020 .. 

Examination of Table XXXV shows tha.t the oolour 

reaction used in the above procedure conforms to Beer's 

law. By calculation the mean value of K was found to be 

0.0578 t 0.0020. with a maximum variation of 0.0051. From 

the straight line relation between proline concentration 

and 2-log G. as shown in Figure VI, it is evident that K 

is a constant over the r&nge plotted. 

Application of this Method to Determination of Proline in 

Casein 

To test the usefulness of this method the fol­

lowing experiment was performed. 2 gm. of casein was intro­

duced into a 50 mI. Erlenmeyer flask and 40 mI. of saturated 

barium hydroxide was added to it. The flask was placed in 
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an autoclave for 3 hours at a temperature of 15000, and a 

pressure of 70 lbs. At the end of that time 10 ml. of 10~ sul­

phurio aoid (10 ml. cone. sulphuric acid diluted to 100 mI. 

with water) was added to the flask and after being cooled, 

the mixture was filtered. The residue was washed with dis­

tilled water until exactly 100 mI. of filtrate were oollected. 

A 5 mI. aliquot of this filtrate was neutralized 

with 1 N 80dium hyd~x1de to a phenolphthalein end-point, 

and the usual procedure was followed, except that the fil­

trate was made up to 200 mI. and 5 ml. of this was diluted 

to 10 mI. with water for the colour reaction. The average 

of two determinations gave a value of 78.50 for the galvan­

ometer rea'ing. using the 520 filter, and caloulations 

using Beer's Law equation showed that 5 mI. of the oasein 

hydrolysate contained 7.272 mg. of proline. or 145.44 mg. 

of the amino acid was contained in the sample used. The 

moisture content of the casein was 8.41%. and using tbis 

faot, further oalculations gave a value of 7.94% for the 

proline content of this oample of casein. 

The value of proline in casein obtained by this 

oolorimetric procedure is in close agreement with that 

reported by Dakin (1918) of 8.0%, when he extracted proline 

from oasein by his butyl alcohol method. 
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SUlWARY AND CONCLUSIONS 

1. Fromm's quantitative method for the determination of 

small quantities of pyrrole has bean adapted to be used ---
with an ~elyn photoelectric oolorimeter. 

2. The blue colour produced by the condensation of pyrrole 

~th 1satin in the presenoe of hydrochlorio aoid was 

shown to conform With Beer's law. 

3. As an aid in the quanti tati va determination of minute 

quantities of pyrrole in biological materials, mercuric 

chloride was used as a preoipitating agent. 

4. ~her extraction of pyrrole was also fODnd to be amen­

able for the determination of small quantities of pyrrole. 

5. Pyrrole was dete~1ned quantitatively in proteins and 

other biologioal materials by a dry distillation procedure. 

1.20~ was obtained from gelatin but the va1ues secured 

for other proteins were considerably lower. Chlorophy11 

failed to produoe pyrrole on dry distillation but it 

was obtained from corn leaves. 

6. A search was made for pyrrole in the enzymic hydrolysates 

of certain proteins. No pyrrole was detected in these 

with isat1n. 

7. An attempt was made to detect pyrrole during the course 

of the hydrolysis of gelatin With sodium hydroxide. The 

means at our disposal failed to deteot pyrrole. 
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8. It was found that pyrrole coald be recovered quantit­

atively from alkaline solutions by steam distillation. 

bat no pyrrole was detected in the distillate obtained 

when a mixture of gelatin and 20% sodium hydroxide was 

steam distilled. 

9. A gelatin hydrolysate was fractionated to find what 

substance was responsible for the produotion of pyrrole 

on dry distillation. Most of the pyrrologen1c mater1a~ 

was found to be in the aloohol-soluble fraotion. 

10. Dry distillation of a number of amino acids waS per­

formed and only proline and hydroxy-proline gave pyrrole. 

11. A study was made of the effect of a number of oxidiz­

ing agents on the yield of pyrrole by dry distillation. 

Sod1~ peroxide inoreased the yield to a marked extent. 

12. Attempts to determine the temperature at which pyrrola 

is produced from a gelatin hydrolysate were made. and a 

temperature of at least 30000 was found to be neoessary. 

13. The effect of copper sulphate on the production of 

pyx-rote from proline and hydroxy-proline on dry distill!­

tion with sodium peroxide was observed. Copper sulphate 

d'ecreased the yield of pyrrole from hydroxy"proline, bot 

its presenoe was essential for the production of pyrrole 

from proline. No pyrrole was obtained from the latter 

unless a oopper sulphate solution was added before dis-

tillation. 
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14- A quantitative oolorimetric method for the determina­

tion of hydroxy-proline haa been evolved, and a number 

of determinations were performed on gelatin hydrolysatea 

obtained by various methods of hydrolysis in an auto­

olave. The mean value of these determinations was 14.03% 
which is in close agreement with Dakin's value of 14.1%. 

15. A colorimetrio method was also developed for the quan­

titative determination of proline in protein hydrolysatea 

which contain very little or no hydroxy-proline. Apply­

ing this method to oasein. a value of 7-94% was obtained, 

which is in good agreement with Dakin's value of 8.00%_ 

As a result of this investigation, methode 

have been developed for the quantitative determination of 

small quantities of pyrrole in biological materials. The 

phenomenon of the production of pyrrole by dry distilla­

tion of proteins has been investigated, and it has been 

shown that in the case of gelatin the formation of pyrrole 

is due to the oonversion of proline and hydroxy-proline 

into this compound. As far as could be asoertained with 

the means at cur disposal, protein hydrolyestes did not 

oontain pyrrole and so it was conalud.ad that hydrolysis of 

proteins did not liberate free pyrrole. 
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A quantitative colorimetric method has been 

made available for the determination of hydroxy-proline 

in protein hydrolysates in the presence of the other de­

oomposition products. As yet it has only been applied 

to gelatin and does not appear to be suitable for minute 

quantities of hydroxy-proline as found in such proteins 

as ossein. However. it is probable that this method can 

be modified to determine very small amounts of this amino 

acid. A quanti tati ve colorimetriC method was als 0 evolved) / 

for the determina.tion of proline in tho se proteins which (~~ljiL 

oontain 11 ttle or no hydroxy-proline. This method wa.s )~i I'~ 
only applied to oasein. but it oould probably be applied '/..-1 

/ ~ , 

1m11 t 1 . ~(J}Z to s ar pro e ne. ,--
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