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INTRODUCTION

Proline (1 ) and hydroxyproline (2 ) were f i r s t  is o la te d  from 

p rote in  hydrolyzates by F ischer e a r ly  in  the current centruy by es~  

te r ify in g  the amino a c id s present and fra c tio n a tin g  these e s t e r s  by 

vacuum d i s t i l l a t io n .  Since then, numerous methods have been used to  

i s o la t e  these amino a c id s . These include n-butanol e x tra c tio n  f o l ­

lowed by n-propanol ex tra ctio n  ( 3 ) ,  reineckate form ation (U), the 

copper sa lts*  method o f  Town (!?), p icra te  formation w ith  subsequent 

decomposition w ith  a n ilin e  ( 6 ,7 ) ,  and rhodanilate form ation ( 8 ) .  The 

methods are gen era lly  ted iou s and the amino a c id  products, both in  

q u an tity  and q u a lity , leave much to  be d esired . Ascent work has em­

phasized  the use o f so lv en t e x tr a c tio n , e s p e c ia l ly  the paten t by 

S if fe r d  (9) and the in v e s t ig a tio n  o f McCollum and Rider (1 0 ) . Ham­

i l t o n  and O rtiz (11) have rec e n tly  prepared the N -n itroso d er iv a tiv es  

o f  pro lin e and hydroxyproline. Ke were sim ultaneously and independent­

ly  working along s im ila r  l in e s ,  i/ifhile these in v e s t ig a to r s  reported  

th a t th e ir  s in g le  attem pt to  is o la te  p ro lin e  and hydroxyproline from 

g e la t in  w ith  use o f the N -n itroso  d er iv a tiv e s  gave poor y ie ld s ,  we 

are g r a t if ie d  to  s ta te  th at we were able to  obtain  good y ie ld s  o f both  

o f  th ese  amino acids from co llagen  in  a number o f  t r i a l s .

This research concerns s tu d ies  fo r  a ffe c tin g  complete hyd ro lysis  

o f  co llagen  using hydrochloric a c id  and the determ ination o f  the prop­

e r t ie s  o f  the re su lt in g  products when trea ted  w ith n itrou s a c id . From 

th is  inform ation a unique method fo r  is o la t in g  crude p ro lin e  and hy­

droxyproline has been developed. This depends upon the fa c t  th a t a l l
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o f the amino acid s except p ro lin e  and hydroxyproline form hydroxy 

a cid s when reacted w ith  n itron s a c id  w hile these two imino acid s  

stop a t  the nitrosam ine sta g e . Proline and hydroxyproline are regen­

era ted  from th e ir  nitrosam ines and separated from the hydroxy acids  

and each other by appropriate so lv en t sep aration . Since n e ith er  o f  

th ese amino acids i s  commercially av a ila b le  a t a reasonable p r ic e ,  

th is  research makes a p r a c tic a l as w e ll as a th e o r e t ic a l contribu­

t io n  to  our knowledge o f the chem istry o f  co lla g en .

EXPERIMENTAL

Raw M aterial

A s a l t  ex tracted  corium s p l i t  o f  a s te e r  hide was used as the 

source o f a p u r if ie d , n ative co llagen  fo r  th is  research . I t  had been 

prepared (by P. ft. Buechler and L. Anusz in  th is  laboratory) by the 

fo llow in g  procedure:

A s te e r  hide was obtained from a packing-house imm ediately a f te r  

removal from the animal, thoroughly washed, cut in to  s t r ip s ,  and 

frozen in  a deep-freeze u n it . Subsequently each p iece  was taken out, 

allow ed to  thaw a l i t t l e ,  and s p l i t  in to  layers on a s p l i t t in g  machine. 

Only the s tr ip s  from the center o f  the corium were taken sin ce  th is  

portion  contains a minimum o f  e la s t i c  and r e t ic u la r  t is s u e s .  The 

center corium s tr ip s  were cut in to  very sm all squares and trea ted  

w ith  e ig h t per cent sodium chloride so lu tio n  fo r  tw enty-four hours.

This so lu tio n  was changed once a f t e r  about twelve hours. In order 

to  prevent b a c te r ia l a c tio n , one part o f  m erthiolate per 100,000 parts  

o f so lu tio n  was added to  the s a l t  so lu tio n s  which were kept in  a 

re fr ig era to r  a t  about 10°C during the soaking p er iod . The m ateria l

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



was then r in sed  in  water and placed in  n in e ty -f iv e  per cent e th a n o l. 

The preparation was completed by ex tra ctio n  w ith ethan ol and acetone 

a t  about 5>0°C, follow ed by room temperature drying. The p ieces  were 

ground to  a coarse powder in  a .ftley  m il l  using a 3 mm. screen and 

stored  in  a t ig h t ly  c lo sed  con ta in er .

A nalysis o f  the powder showed i t  to  contain  15 .61  per cent t o t a l  

n itrogen , 0 .50  per cent to t a l  ash, 0 .03  per cent l ip id s ,  0,16  per cent 

to t a l  carbohydrates, 0 .1 0  per cent p en toses, and 12.90 per cent 

m oistu re. Neuman (1 2 ,1 3 ) bas given an amino acid  a n a ly sis  o f  th is  

preparation . His data accounts fo r  a l l  o f  the t o t a l  K jeldahl n itr o ­

gen in  terms o f amino acids* n itrogen and amide n itrogen . Jacobs 

(lU ) has reported th a t th is  co lla g en  preparation obtains 0 .6  per cent 

o f i t s  n itrogen  from e la s t i c  and blood v e s s e l  t i s s u e s ,  and 1 .7  per  

cen t o f  i t s  t o t a l  nitrogen from globu lar p ro te in s .

H ydrolysis

Optimum conditions for a ffec tin g  complete h yd ro lysis  w ith  hydro­

ch lo r ic  ac id  were then stu d ied . The fa c to rs  considered were tim e, 

strength  o f a c id , and r a tio  o f  a c id  to  co llagen , the t o t a l  amount of  

hydrogen ch loride being held  constant when the f i r s t  two fa c to r s  were 

considered. The r e su lts  are given in  Table I .

Formol t i t r a t io n s  and ammonia n itrogen  analyses were employed 

to  fo llo w  the rate o f  hyd ro lysis  and fo r  determining when h yd ro lysis  

was com plete. Optimum conditions were considered to  be those con­

d it io n s  under which the co llagen  was com pletely hydrolyzed under 

reflu x  conditions in  the sh o rtest time w ith  the le a s t  amount o f  ac id
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Hydrolysis of Collagen 

i/Vith Hydrochloric Acid under Reflux Conditions, 

As a Function of Time, Concentration of Acid, 

And Batio of Acid to Collagen

N orm ality Time, B atio , Formol Ammonia
o f Acid hours Acid (m l.}  to N itro g en , N itro g en ,

C ollagen (g .) p e r  cent* p e r  cen t#

6.0630 1 6 s l 11.96 0.55
6.0630 2 6 s l 12.93 0:55
6.0630 u 6:1 13. U8 0.55
6.0630 5 6:1 13.67 0 .56
6*0630 6 6:1 13.67 0 .55
6.0630 7 6:1 13.69 0 .55
6.0630 8 6:1 13.67 0 .55
6.0630 16 6 :1 13.69 0 .60
6.0630 2U 6:1 13.67 o.?7

6.0o30 l 15:1 12.32 0 .5 6
6.0630 3 15:1 13.52 0 .5 6
6.0630 U 15:1 13.67 0.55
6.0630 5 15:1 13.67 0.55

3.0980 5 12:1 12.62 0.55
3.0980 16 12:1 1 3 .U2 0.55
3.0980 2U 52:1 13.55 0.55

U.1767 5 9 :1 13.21 0.55
U.1767 16 9 :1 13.65 0.55
U.1767 2U 9 :1 13.67 0.55

5*1903 5 7 .2 :1 1 3 .U5 o.55
5.1903 16 7 .2 :1 13.67 o.55
5.1903 2U 7 .2 :1 13.65 0 .5 6

#Not c o rre c te d  fo r  m o is tu re . The form ol f ig u re  13.6? and the 
ammonia n itro g e n  f ig u re  0 .35 r e s p e c t iv e ^  co n v ert to  15.68 and 0 .63  
on a d ry  b a s i s .
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to  g ive a maximum constant formol t i t r a t io n  value w ith no increase  

in  the ammonia nitrogen con stan t. These optimum con d ition s were 

found to  be reflux ing  5 hours (16 hours caused no i l l  e f f e c t s )  w ith  

a r a tio  o f  6 m l. o f 6 U hydrochloric ac id  for  each gram o f  c o lla g e n . 

The ammonia n itrogen  constant (amide n itrogen) was found to  be 0 .63  -  

0 .0 2  per cent and the formol amino n itrogen constant 15*68 i  0 .02  per  

cent (both va lu es on a 'm oistu re-free b a s is ) .

Examination o f  L iterature Methods

A survey o f the av a ila b le  methods for  the is o la t io n  o f p ro lin e  

and hydroxyproline was made. F isch er’s e s t e r  method ( 1 ,2 ) ,  Berg­

man’s rhodaniH c ac id  method (8 ) ,  and the reinecke a c id  method o f  

Kapfharamer and Sck (U) were deemed too te d io u s . Town's copper s a l t s ’ 

method (5 ) ,  adopted from an e a r l ie r  observation o f F isch er ( 1 ,2 ) ,  was 

f in a l ly  s e le c te d  as the most p r a c t ic a l method. T his, in  combination 

w ith  Cox and King’s method (6) fo r  decomposing the p ic r a te s  o f  mono- 

amino a c id s , was f in a l ly  the way th is  phase was carried  o u t. The only  

other v a r ia tio n  was the use o f  hydrochloric ac id  as the hydrolyzing  

agent w ith  subsequent concentrating in  vacuo follow ed by d ilu tin g  

and re-con cen tra tin g .

According to  Town (5 ) ,  the copper s a l t s  o f the amino acid s f a l l  

in to  three c la s s e s .  The f i r s t  c la ss  i s  in so lu b le  in  w ater. The 

second c la s s  i s  so luble in  water but in so lu b le  in  absolute m ethanol. 

The th ird  c la ss  i s  so lu b le  in  both water and absolute methanol, and 

both pro lin e and hydroxyproline are in  th is  group. Town app lied  these  

p r in c ip le s  when he is o la te d  p ro lin e  from wheat g l ia d in . He bydro-
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lyzed  w ith  su lfu r ic  a c id , removed same w ith barium hydroxide, pre­

pared the copper s a l t s  o f the amino a c id s by adding copper carbon­

ate  and h ea tin g , f in a l ly  obtain ing an absolute methanol so lu b le  crop 

o f  c r y s ta ls .  These were converted to  the free  amino a c id s using hy­

drogen su lf id e  and an absolute ethan ol soluble fr a c tio n  obtained from 

th e se . This was trea ted  w ith  p ic r ic  a c id , ex tracted  w ith  e th er  to  re­

move the excess  p ic r ic  a c id , the e th er  phase discarded , the p icra te  

residue decomposed w ith su lfu r ic  a c id , the free  p ic r ic  a c id  removed 

w ith  e th er , the hydrogen sulphate removed, and prolin e f in a l ly  ob­

ta in ed  as the free compound.

Klabunde (7 ) ,  in  is o la t in g  hydroxyproline, proceded in  the same 

manner as Town (5) up to  the p o in t o f obtaining the absolute ethanol 

so lu b le  fr a c tio n . She then worked on the fr a c tio n  which was in so lu b le  

in  absolute ethanol by converting same to  the p ic r a te , washing w ith  

e th e r , decomposing the p icra te  w ith  a n ilin e  and d iscard ing the a n ilin e  

la y e r , removing the res id u a l a n ilin e  w ith  e th er , f in a l ly  p r e c ip ita tin g  

the hydroxyproline w ith  absolute e th an o l.

vVe encountered considerable d i f f i c u l t y  w ith  the hydroxyproline 

fr a c tio n  a fte r  converting i t  to  the p icrate#  As a r e su lt  o f t h i s ,  no 

attempt was made to  work up the crude p ro lin e  fr a c tio n . Ether, even  

w ith  use o f  a l iq u id - liq u id  ex tractor  fo r  seven continuous days, was 

found to  be in e f f e c t iv e  in  removing the yellow  co lo r  (due to  the p ic r ic  

ac id ) from the hydroxyproline fr a c tio n  a fte r  tr e a tin g  w ith  p ic r ic  acid  

and a n il in e .  Benzene, N orit-A , co lla g en , lead  ox ide, and lead  aceta te  

( a l l  used in  sid e  experim ents) were found to  be in e f f e c t iv e  in  remov­
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in g  p ic r ic  ac id  com pletely. I t  was f in a l ly  found necessary to  take to  

dryness in  vacuo and ex tra ct w ith absolute ethanol in  the presence o f  

a sm all amount o f hydrochloric ac id  to  f in a l ly  obtain a w hite p recip ­

i t a t e  o f presumably hydroxyproline hydrochloride. Five grams o f c o l­

lagen y ie ld ed  0*8 grams o f crude p ro lin e  and 0 ,3  grams o f  crude hy­

droxyproline hydrochloride. The p ro lin e  fra c tio n  contained 10,92 per  

cen t to t a l  n itrogen , 8 ,71  per cent t o t a l  ash, 7.U per cent m oisture, 

and 1$*38 per cent c h lo r id e s . The hydroxyproline fr a c tio n  contained  

0*29 p ej cen t t o t a l  n itrogen , 96 .5  per cent t o t a l  ash, 0 ,0  per cent 

m oisture, and 58*8 per cent c h lo r id es . No attempt was mads to  analyze 

e ith e r  fra c tio n  s p e c if ic a l ly  fo r  prolin e or hydroxyproline due to  

th e ir  obviously  low p u r ity .

The fa ilu r e  to  q u a n tita tiv e ly  remove a l l  o f the resid u a l hydrogen 

ch loride previous to  copper s a l t s '  formation undoubtedly in flu en ced  

the r e s u lt s .  The high ash in  the p ro lin e fr a c tio n  was due to  an ac­

cumulation o f  soluble inorganic compounds from the reagents used in  the

p ro cess . The method, as carried  out, i s  therefore very poor fo r

is o la t in g  these amino acids from co lla g en .

Absolute athanol as a S p e c if ic  Solvent fo r  Proline

Proline i s  the only amino ac id  purportedly so lu b le  in  absolute  

e th a n o l. A ccordingly, a mixture o f  commercial amino a c id s , in  the pro­

portion s found in  th is  co llagen  by Neuman (1 2 ,1 3 ) , was ex tra cted  w ith  

absolute ethan ol a t 22°C to  see i f  th a t reagent was a s p e c if ic  so lven t  

fo r  p r o lin e . S ix teen  hundred and f i f t y  m illigram s o f  l ( - )  p ro lin e  were 

added i n i t i a l l y  and tw enty-six  hundred m illigram s were recovered from
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the m ixturel This represents a 170 per cent recovery. I f  absolute  

ethan ol i s  a s p e c if ic  so lven t fo r  p r o lin e , e ith e r  the amino a c id s con­

ta in ed  pro lin e  as an im purity or the ethanol was not an absolute grade 

(most o f  the amino acid s are so lub le to  some degree in  ethanol-w ater  

systems) •

The p u rity  o f the absolute ethanol was in v e s tig a te d  f i r s t .  The 

d ie le c tr ic  constant o f  absolute ethanol a t  20°C i s  g iven  as 25 .8  (1 5 ) . 

Using a ir , benzene, chloroform, p yrid in e , and acetone in  a high fr e ­

quency o s c i l la to r  to  e s ta b lish  the curve, the d ie le c tr ic  constant o f  

the absolute ethanol used in  the above work was found to  be 26.0* Abso­

lu te  ethanol from a fr e sh ly  opened container gave a reading o f  25. 2j 

JJ. S . P. 95 per cent ethanol gave a reading o f  2 8 .5 . This d e f in it e ly  

showed th at the absolute ethanol in  e ith e r  case contained l e s s  than 5 

per cent w ater.

R efractionation  o f  the recovered prolin e by d is so lv in g  in  abso­

lu te  ethanol and adding drop-wise to  e th er  y ie ld ed  an e th er  in so lu b le  

fr a c tio n  and an o i ly ,  brown, aceton e-eth er-eth an ol so lu b le  fr a c tio n ,  

the la s t  being in so lu b le  in  hot and cold  w ater, and th erefore obvious­

l y  n ot an amino a c id ( s ) .  The refra ctio n a ted  p rolin e contained 12.52  

per cent t o t a l  n itrogen  which i s  a l i t t l e  higher than 12,17 per cen t, 

the th e o r e t ic a l value, but no worse than the 11.79 per cent found fo r  

the o r ig in a l p r o lin e . The s l ig h t ly  high value i s  to  be expected  sin ce  

most o f the amino a c id s are probably s l ig h t ly  so lu b le  in  absolute  

ethanol a t  t h is  temperature, and most o f  the amino a c id s present con­

ta in  more n itrogen  than p r o lin e . The hydroxyproline used in  the o r ig ­
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in a l  mixture contained 13.^1 per cent t o t a l  n itrogen (a g a in st 10,68  

per cen t, the th e o r e t ic a l value) and 7.0? per cent o f  the same was 

found to  be soluble in  absolute e th a n o l. This could qu ite lo g ic a l ly  

be p ro lin e  sin ce  one i s  u su a lly  a contaminant o f  the other in  commer­

c i a l  preparations. Furthermore prolin e has a unique n itrogen  content*  

I t  i s  more than coincidence th at the n itrogen  content o f  the refra c­

tio n a ted  pro lin e approached th a t o f pure p r o lin e . Although the mater­

i a l  was not analyzed s p e c if ic a l ly  fo r  p ro lin e , i t  would appear to be 

p r a c t ic a lly  pure pro lin e w ith  a sm all amount o f im p u rities due to  other  

amino acid s which have a higher n itrogen  con ten t. On these b a ses , i t  

would appear that absolute ethanol i s  a s p e c if ic  so lv en t fo r  p ro lin e  

and the abnormal proline recovery was due to  th a t amino ac id  being an 

im purity in  the other amino acids used in  the mixture*

N itr lt io n

P roline and hydroxyproline are secondary amines. The oth er amino 

acid s are primary amines* According to  accepted methods o f organic 

chem istry, secondary amines may be separated from primary amines as 

fo llo w s;

a-Treating w ith  n itrous acid

b-3ther ex tra ctio n  to  remove both the nitrosam ines formed 

by the reaction  o f n itrou s ac id  w ith the secondary 

amines and the deaminates or hydroxy compounds formed 

by the reaction  o f n itrou s a c id  w ith  primary amines 

c-Subsequent hyd ro lysis o f  th is  mixture w ith d ilu te  hy­

drochloric a c id  to  decompose the nitrosam ines and con-
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v er t them to  the amine hydrochlorides w ithout a ttack ­

ing the hydroxy compounds 

d-Sther ex tra ctio n  to  remove the hydroxy compounds lea v ­

in g  behind the amine hydrochlorides  

e-Subsequent recovery o f the amine hydrochlorides by re­

moval o f the so lv en t  

These p r in c ip le s  were app lied  to  both commercial pro lin e and 

hydroxyproline. Both y ie ld ed  i l l - s m e l l in g ,  yellow  o i l s  a f t e r  tr e a t­

ment w ith  n itrou s a c id , e th er  e x tra c tio n , and removal o f  the e th er  from 

the e th er  phase. These o i l s ,  a f t e r  hyd rolysis  a t  121°C (15 lb s*  steam 

pressure) w ith  6 N hydrochloric a c id , y ie ld ed  c o lo r le s s ,  transparent 

f ilm s  on removal o f the so lv en t.

In  the prelim inary work, 0.3000 gram o f  l ( - )  p ro lin e was d isso lv ed  

in  U m l. o f  concentrated hydrochloric a c id , p laced in  an ic e -b a th , 

cooled  to  0°C, 0 .5  gram o f sodium n it r i t e  added slow ly  over a f iv e  min­

ute p eriod , held  a t 0°C fo r  f iv e  m inutes, and allowed to  warn up to  

22°C over a period o f ten m inutes, la t e r  (5 m l.) was added to  the 

mixture and the same was held  a t  22°C fo r  f i f t e e n  m inutes. The so lu ­

t io n  was then ex tracted  tw ice w ith  20 m l. a liq u o ts  o f  e th er  fo r  ten  

minute in te r v a ls .  A fter removal o f the e th er  from the combined e th er  

phases, a sm all amount o f yellow  o i l  remained. This was ampuled w ith  

U m l. o f 6 N hydrochloric acid  and held  a t 121°C fo r  nine hours. The 

ampule was then opened, contents removed, and taken to  dryness on a 

steam -bath. A fter drying in  vacuo fo r  s ix te e n  hours a t  6o°C, a co lor­

l e s s ,  transparent film  r e su lte d . I t  weighed 0.0061* gram and contained
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8 .9 6  per cent t o t a l  n itrogen . This compares favorably to  the theo­

r e t ic a l  t o t a l  n itrogen in  proline hydrochloride which i s  9*2$ per c en t. 

The y ie ld  converts to  1 ,62 per cent o f  the th e o r e tic a l v a lu e .

A s im ila r  in v e s tig a tio n  was carried  out w ith  l ( - )  hydroxyproline. 

In th is  case , O.lOuO gram of the m ateria l was d isso lv ed  in  2 m l, o f  

concentrated hydrochloric ac id , p laced  in  an ice -b a th , cooled  to  0°C,  

0 .2  gram o f sodium n i t r i t e  added slow ly  over a f iv e  mipute period , held  

a t  0°C for  th ir ty  m inutes, gradually allowed to  warm up to  23°C over a 

ten  minute period , and held  a t  23°C fo r  th ir ty  m inutes. The so lu tio n  

was then extracted  tw ice with 10 ml. a liq u o ts  o f  e th er , and the e th er  

removed from the combined e th er  phases to  y ie ld  a sm all amount o f  

yellow  o i l .  This was then trea ted  in  the same manner as th a t from 

the p r o lin e . The recovered, dry m ateria l weighed 0.002U gram which 

converts to  a 1 .88 per cent y ie ld .  I t  was found to  contain  only U.83 

per cent t o t a l  nitrogen (hydroxyproline hydrochloride contain s 8.37  

per cent t o t a l  n itro g en ). This was not too  surprisin g  sin ce the or ig ­

in a l  hydroxyproline contained 13.U1 per cent t o t a l  n itrogen  (the theo­

r e t ic a l  value i s  10.68 per cent) in d ica tin g  i t  to  be h ig h ly  impure. 

Further in v e s t ig a t io n  o f c o n a tio n s  fo r  in creasin g  nitrosam ines ' 

production was confined to prolin e alone fo r  th a t reason . I t  was f e l t  

th a t con d ition s in creasin g  prolin e nitrosam ine production would 

eq u a lly  apply to  hydroxyproline sin ce the substances are so s im ila r .

In s t i l l  another t r i a l ,  0.2000 gram o f l ( - )  p ro lin e was d isso lv ed  

in  10 m l. o f w ater, Q.U gram o f  sodium n i t r i t e  added and d isso lv ed , 

cooled  to  0°C in  an ic e -b a th , 1 m l. o f  concentrated hydrochloric
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ac id  added, mixed, h eld  a t  0°C for th ir ty  m inutes, allowed to  warm 

up to  23°C over a ten minute period , and h eld  a t 23°C fo r  one hour.

A fter e th er  ex tra ctio n  and e th er  removal, the nitrosam ine was hydro­

lyzed  as before* This time the y ie ld  was 3 .83  per cen t o f the theo­

r e t ic a l  and the recovered m ateria l contained 8 .98 per cent t o t a l  

n itro g en . The progressive increase in  y ie ld  as a fu n ction  o f in crease  

in  temperature o f n it r i t in g  in d ica ted  th a t a study o f higher temper­

atures during n it r i t in g  should be made.

H’hen n it r i t in g  was carried  out a t  23°C ( a l l  the other conditions  

being the same as in  the above procedure except th a t the amount o f  

sodium n i t r i t e  was doubled), the recovered m aterial contained 8.97  

per cent to t a l  n itrogen  and the y ie ld  was l8 .8 li per cent o f  the 

th e o r e t ic a l .  .Then n it r i t in g  was carried  out a t  60°C fo r  1 .5  hours 

and the so lu tio n  ex tra cted  w ith ether a fte r  hydrolyzing a t  121°C w ith  

6 N hydrochloric a c id , the recovered m ateria l contained 9.2h per  

cen t to t a l  n itrogen  and the y ie ld  was 73.85 per cent o f the th e o r e t ic a l.  

Retaoval o f the eth er from th is  l a s t  e th er  e x tr a c t showed a f a ir  

qu antity  o f nitrosamine p resen t. Thus a l l  o f  the nitrosam ine had not 

been converted to  the hydrochloride. Had a l l  o f  the nitrosam ine been 

converted to  the hydrochloride, recovery would probably have been c lo se  

to  100 per c en t. In summary, i t  was found th at maximum nitrosam ine 

production could be obtained by using 1 N hydrochloric a c id  fo r  n i­

trous acid  generation and n it r i t in g  a t  60°C fo r  1 .5  hours.

The next step  was to  apply the above inform ation to  a decolor­

iz e d , co llagen  hydrolyzate, A rancid , yellow  o i l  was obtained a f te r
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n it r i t io n  and subsequent ether e x tr a c tio n , fisfluxing the yellow  o i l  

w ith  6 N hydrochloric ac id  fo r  nine hours caused l i t t l e  change in  

co lor  so a l i t t l e  spongy palladium was added and re f lu x in g  continued  

fo r  s ix te en  hours. At the end o f th is  time the m ateria l was a ma­

hogany co lo r  and had an e th erea l odor so i t  was discarded s in ce  th is  

was obviously  not the d esired  course of reaction  (the mixture should  

have become c o lo r le s s  and o d o r le ss ) . I t  thus appeared th at the n itro sa ­

mines were s ta b le  when b o iled  w ith 6 N hydrochloric a c id .

Having shown th a t nitrosam ines could be obtained from a co llagen  

hydrolyzate, the next step  was to  tr y  to  improve n itrosam ines' hy­

d ro ly s is  co n d itio n s. A co llagen  hydrolyzate was n it r i t e d ,  n itro sa ­

mines ex tracted  w ith  e th er , and sto red  in  6 N hydrochloric ac id  a t  

U°C. A liquots o f  th is  so lu tio n  were then used in  th is  phase o f the 

work. Time, temperature, and amount o f 6 N hydrochloric ac id  were the 

fa c to r s  stu d ied . None o f the products resembled a sy n th etic  mixture 

o f pro lin e hydrochloride and hydroxyproline hydrochloride prepared 

from commercial amino acids and which were demonstrated to  be sta b le  

compounds. H ydrolysis a t  121°C fo r  16 hours and using a r a tio  o f  100 

m l. o f 6 N hydrochloric acid  to  1 m l. o f nitrosam ines' concentrate  

seemed to  be the optimum co n d itio n s. However, the product had a very  

high ash content (about 30 per c e n t) . In attempting to  exp la in  th is  

ash content, the reagents were found to  contribute about 60 per cen t 

of the ash found. B o ilin g  a f te r  n it r i t in g  (as a means o f removing a l l  

o f the remaining n itrou s ac id ) caused e lim in ation  o f p r a c tid a lly  a l l  

nitrogenous m ater ia l. Addition o f urea (to  decompose res id u a l n itrou s
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acid ) and subsequent b o ilin g  a fte r  n it r i t in g  lowered the ash content 

but the ch loride and nitrogen contents could not be r a tio n a liz e d  w ith  

the s o l id s '  con ten t. These experiments suggested th at the previous 

conclusion  th a t the nitrosam ines o f p ro lin e and hydroxyproline could  

not be decomposed by b o ilin g  w ith  6 N hydrochloric ac id  was in  e rro r . 

Three new experiments were carried  out* The e s s e n t ia l  p ro cess , except 

fo r  minor v a r ia tio n s , was as fo llo w s:

Collagen (5 grams) i s  hydrolyzed by reflu x in g  fo r  16 hours w ith  

30 m l. o f  6 N hydrochloric acid , deco lorized  by b o ilin g  w ith  one gram 

o f  Norit-A fo r  f i f t e e n  m inutes, the carbon removed and discarded , and 

the f i l t r a t e  fu rth er  a c id if ie d  by adding 15 m l. o f  concentrated hydro­

c h lo r ic  a c id . The volume i s  then adjusted to  270 ml. w ith  w ater. The 

s o lu tio n  i s  then heated to  60°C and 90 ml. o f  a so lu tio n  o f sodium 

n i t r i t e  (pre-heated to  60°C and containing 7 .2  grams of sodium n i t r i t e )  

i s  s low ly  added. A fter thorough m ixing, the so lu tio n  i s  held  a t  60°C 

fo r  1 .5 hours w ith  shaking every f i f t e e n  m inutes. The so lu tio n  i s  then  

simmered fo r  one hour, most o f the so lv en t removed, by s tr a ig h t d is ­

t i l l a t i o n ,  concentrated to  a s lu sh  on a steam-bath, ex tra cted  four  

tim es With 12,5  ml. a liq u o ts  o f  concentrated hydrochloric a c id  to  

leach  out the proline hydrochloride and hydroxyproline hydrochloride, 

and concentrated to  dryness in  vacuo. The residue i s  d isso lv ed  in  

w ater, res id u a l hydrogen ch loride removed w ith  s i lv e r  carbonate, 

resid u a l s i lv e r  ion  removed w ith  hydrogen s u lf id e ,  concentrated in  

vacuo, dried  in  vacuo a t 60°C, and ex tra cted  w ith  absolute ethanol 

(100 m l. for each gram o f proline ex p ected ). The in so lu b le  hydroxy-

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



- 1 5 -

p ro lin e  i s  f i l t e r e d  o f f  and dried  in  vacuo a t  60°C fo r  16 hours. The 

eth an ol ex tra c t i s  taken to  dryness in  vacuo under 60°C as a r e s u lt  

o f which the w hite c r y s ta ls  o f p ro lin e  remain on the bottom o f the d ish  

and the gunk c o l le c t s  on the s id e s .

By the above procedure a maximum y ie ld  o f  0.335 gram o f  crude 

hydroxyproline was obtained. Neuman and Logan (13) rep ort a value o f  

13 .3  per cen t hydroxyproline for  th is  co lla g en . On the b a s is  o f th is  

figu re  the above maximum y ie ld  o f  hydroxyproline i s  57 .8  per cent o f  

theory.

A maximum y ie ld  o f 0.1058 gram o f  crude p ro lin e was lik ew ise  

obtained. Neuman (12) reports a value o f 16.5 per cent 1 (~ ) p ro lin e  

for th is  co lla g en . The above maximum y ie ld  thus converts to  1U.7 per  

cen t o f the th e o r e tic a l va lu e .

The analyses o f the crude fra c tio n s  o f  prolin e and hydroxyproline 

obtained from the three experiments are given in  Table I I .  Hydroxy­

p ro lin e  was determined by a m od ification  o f the method o f Neuman a id  

Logan (1 3 ) . This method i s  based on the in te n s ity  o f the lavender  

co lo r  developed when hydroxyproline i s  ox id ized  w ith  hydrogen per­

oxide in  the presence o f cupric ions in  an a lk a lin e  medium and coupled  

w ith  p-dimethylajninobenzaldehyde a t 70°G in  an acid  medium. A Beckman 

Spectrophotometer was employed to  read per cent transm ission  a f te r  

co lor  development and a w ave-length o f  560 m illim icron s was s e le c te d  

sin ce maximum absorption was found to  take p lace there rather than a t  

5U0 m illim icrons as recommended by the o r ig in a l in v e s t ig a to r s . L (-)  

p ro lin e  was determined m icro b io lo g ica lly  by the method o f  Dunn, e t  a l .
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TABL3 I I

Analyses*- o f Crude F rac tio n s  of P ro lin e  and H ydroxyproline

I s o la te d  from  C ollagen w ith  Use o f  N itro u s  Acid,

And Employing S i 1 /3 r  Carbonate to  Jjemo/e t e s id u a l  Hydrogen C h lo rid e

F rac tio n  Ash C hlorides Ammonia T o ta l N itrogen  l ( - )  P ro lin e  H ydroxyproline
N itro g en  Found C a lcu la te  d*-*-

H ydroxyproline 
(S x p t, #1)

16.1 0 .0 0 .0 0 5.63 5.55 8 .6 U2.1

Proline*-*-*- 
(S x p t, #1)

7 .0 0 .3 0 .0 0 9 .11 7.8U 50 .9 15 . U

Hydroxyp ro l in e  
(E xpt. if 2)

13.6 0 .0 O.QO 6.65 7.5U 16 .6 5 1 .7

H ydroxyproline 
(Sxpt* if3)

11.9 0 .0 0 .0 0 7.75 7.60 17.3 5 1 .5

Proline**-*- 
( ix p t .  #3)

7 .1 I*u 0 .0 0 9.U0 7.00 1*7.7 11*2

*-in grams p e r  hundred grams o f  m a te r ia l  d r ie d  16 h ours  a t  60°C  in  vacuo

■sBS-calculated from the  per c e n t n i t r o g e n  in  the p a r  c e n ts  p ro l in e  and hydroxyproline. 
as founc by  a n a ly s is

***-analysis f o r  hydroxyproline was made on a d i f f e r e n t  p a r t  o f  the  sample which acco u n ts  
f o r  the d isc rep an cy  between th e  n i t r o g e n  found and c a lc u la te d  f ig u re s
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(1 6 ) .  This method i s  based upon the amount o f  la c t ic  a c id  produced by 

the t e s t  organism, Leuconostoc m esenteroides P-60, when grown fo r  72 

hours a t  35°C in  a com pletely sy n th etic  medium, a liq u o ts  o f  which con­

ta in  known amounts o f proline which the organism requires fo r  growth. 

T otal ash, ch lo r id es , to ta l  n itrogen , and ammonia n itrogen  were d eter­

mined by the usual m icro-techniques. A ll o f the samples were dried  in  

vacuo for  16 hours a t  60°C, weighed, d isso lv ed  in  w ater, d ilu ted  to  a 

s p e c if ic  volume, and a liq u o ts  used fo r  the various a n a ly ses.

I t  i s  obvious th at none o f  the fra ctio n s are pure. The presence  

o f  pro lin e in  the hydroxyproline in  each case i s  not too su rp risin g  

s in ce  we made no attem pt a t further p u r if ic a tio n  o f  the same. There 

may have been in s u f f ic ie n t  ethanol present to  remove a l l  o f  the pro­

lin e  or severa l ex tra ctio n s should have been made w ith  fre sh  ethanol 

each tim e. In a b il ity  to  make a m ateria l balance (ash 4 l ( - )  p ro lin e  

4 hydroxyproline t  ammonia = 100) in d ic a te s  th a t organic im p u rities  are 

s t i l l  p resen t. These are probably the deaminates which, actin g  as 

weak a c id s , could qu ite conceivably account for the presence o f  hydroxy­

p ro lin e  in  the p r o lin e . The appreciable q u a n tit ie s  o f ash present pose 

a problem. Q u alita tive  t e s t s  in d ica ted  the ash in  every case to  be 

e s s e n t ia l ly  a phosphate. This probably came from the vegetable char­

c o a l, used in  the various d eco lo r iz in g  treatm ents. This carbon con- 

t a i le d  2.2U per cent ash which was m ostly phosphates. The p r a c t ic a lly  

complete absence o f  ch lorid es seems to  in d ica te  th a t s i lv e r  carbonate 

treatm ent i s  an e f fe c t iv e  means o f removing ch loride io n s .

The e x c e lle n t  m ateria l balance in  regard to  t o t a l  n itrogen  in
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the case o f  the hydroxyproline fra c tio n s  seems to  in d ica te  th a t the 

methods o f a n a ly s is  are r e l ia b le .  I t  would a lso  appear th a t raoemi- 

zation  o f  n eith er  amino ac id  had taken place during p ro cessin g . This 

observation appears to  be a p o s it iv e  one in  the case o f  the p r o lin e ,  

and by analogy hydroxyproline, though no p o s it iv e  proof has been 

e sta b lish e d  in  the case o f the la t t e r .  A n itrogen  balance was not 

expected fo r  the prolin e fra c tio n s  s in ce  p r a c t ic a lly  a l l  o f  the b est  

m ateria l was used for the other analyses and only the scrapings o f  the 

d ish es were ava ilab le  for the hydroxyproline an a ly ses.

Ion Exchange fissin  In v e stig a tio n

Syn thetic  res in s  are reputed to  be e f fe c t iv e  agents fo r  anion and 

cation  removal. The main draw-back to  th e ir  use i s  the fa c t  th a t the 

concentration o f the io n (s )  to  be removed must be very low (about 0 ,0 1  

N) which means large volumes of l iq u id  must be employed^ considerable  

time i s  consumed during d e -io n iza tio n , and the d e-io n ized  e f f lu e n t ,  

i f  i t  contains the desired  m a te r ia l(s ) , must be reconcentrated, u su a lly  

in  vacuo, which again i s  not a fa s t  operation . Even w ith  these com­

p lic a t in g  fa c to r s , i t  was deemed advisable to  attempt a large sca le  

experiment w ith  use o f an anion exchange res in  to  remove resid u a l  

hydrogen chloride in  order to  improve the y ie ld s  o f  p ro lin e  and hydroxy­

p rolin e both in  quantity  and q u a lity , the theory being th a t these amino 

a c id s , being such weak a c id s , would not be reta in ed  on the column, but 

would pass on through, and only the hydrogen ch loride and p o ss ib ly  the  

deaminates o f the r e s t  o f the amino acids remain behind.

F if ty  grams o f  co llagen  were hydrolyzed in  the manner p rev iou sly
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deserib ed . A fter d eco lo r iza tio n , an attempt was made to  remove the 

glutam ic acid  p resen t. The m aterial was concentrated in  vacuo to  100 

m l. and saturated w ith hydrogen ch loride a t  U°C fo r  one hour. Only a 

s l ig h t  c r y s ta l crop formed. F if ty  m l. o f concentrated hydrochloric  

ac id  were added and hydrogen ch loride passed fo r  another 30 m inutes, 

th is  time surrounding the container w ith  a s a l t - i c e  bath . No increase  

in  the c r y s ta l crop took p lace although 1800 grams o f hydrogen ch loride  

were used in  to to . Storage a t U°C fo r  2h hours did not increase pre­

c ip it a t io n . The c r y s ta l crop was removed, sa tu ration  w ith  hydrogen 

ch loride repeated (USO grams were used over a UO minute period) usin g  a 

s a l t - i c e  bath, and the m ateria l stored  fo r  90 hours a t  U°C. Another 

c r y s ta l crop had formed, about equal in  volume to  the f i r s t .  The 

preparation was held  an a d d itio n a l 66 hours a t  U°C in  an attem pt to  

in crease  the s iz e  o f  th is  crop . This was u n su ccessfu l. The c r y s ta ls  

were removed, dried , and combined w ith the f i r s t  crop. A nalysis showed 

them to  be sodium ch loride and not 1 ( f )  glutamic ac id  hydrochloride 

sin ce  they were composed o f 61.2 per cen t c h lo r id e s , 0 ,0 0  per cent t o t a l  

nitrogen , and 100.0 per cent ash. This would seem to  in d ica te  th a t the  

separation  o f 1 ( f )  glutam ic a c id , as i t s  hydrochloride, from a co lla g en  

hydrolyzate requires a qu ite c r i t i c a l  concentration o f s o lid s  during 

sa tu ra tion  w ith  hydro en c h lo r id e . No further work was done on th at  

problem due to  i t  being only a minor feature o f  the p ro cess .

A fter removing the supposedly 1 ( f )  glutamic ac id  hydrochloride 

c r y s ta ls ,  the liq u id  was allow ed to  warm up to  room tem perature, n i­

t r i t e  d, concentrated to  a s lu sh , the s lu sh  ex tracted  w ith  concentrated
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hydrochloric a c id , and th is  ex tra c t taken to  dryness in  vacuo, a l l  

in  the manner prev iously  described . This residue was com pletely s o l­

uble in  concentrated hydrochloric acid  as w e ll as absolute ethanol 

(300 m l.} . I t  was taken up in  w ater, d eco lorized , d ilu te d  to  IQ. l i t e r s  

w ith  water, and passed through an Amberlite IR U column which was *?9.5 

cm. in  h eigh t and 2 .2  cm. in  diam eter in  the manner prescribed  by the 

manufacturer o f  the resin  (1 7 ) . The column was regenerated w ith h per  

cen t ammonium hydroxide a fte r  3000 m l. o f  the preparation had perco lated  

through. The pH o f the la s t  a liq u o t o f  th is  cut was IwO. Another 

2500 ml* o f  m ateria l was passed through the column before i t  was regen­

era ted . The pH o f the la s t  a liq u o t o f  th is  fr a c tio n  was 5.5* The r e s t  

o f the so lu tio n  Was then passed through the column, regenerating a f te r  

each 2500 m l. p ortion  had perco lated  through, the pH o f the l a s t  a liq u o t  

o f each fr a c tio n  being 5.5 and 5.6 r e sp e c t iv e ly . The i s o - e le c t r ic  p o in t  

o f  p ro lin e (18) i s  a t pH 6 .3  and th at o f  hydroxyproline (18 ) i s  a t  pH 

5 .8 2 . A so lu tio n  having a pH o f le s s  than 5 .82  would th erefore  contain  

a c id ic  m ateria ls other than th ese  two amino a c id s . Therefore the 

column was regenerated from time to  time in  order to  minimize the 

amount o f these contam inants. A ll o f the e f f lu e n ts  were combined and 

concentrated to  about 150 m l. by vacuum d i s t i l l a t io n .  This concentrate  

was an orange-brown c o lo r . I t  should here be mentioned th at none o f  the 

cuts were w ithout a trace o f  co lor as th ey  emerged from the column, 

although the a ffu en t was w ater-w hite . The above mentioned concentrate 

was deco lorized  to  a pale straw co lo r  w ith  two treatm ents o f  N orit-A . 

Vacuum d is t i l la t io n  and drying y ie ld ed  a mahogany co lored , v iscou s
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mass. This was taken up in  200 m l. o f w ater, d eco lorized , and added 

drop-wise to  900 m l. o f  acetone. A white p r e c ip ita te  formed but th is  

coalesced  to  an orange colored mass which was amorphous, even a f te r  

holding a t U°C for U0 hours. The acetone layer  was discarded ( i t  was 

a c le a r , yellow  l iq u id ) .  The residue began to  show c r y s ta l growth on 

removal o f  the acetone. Drying in  vacuo a t  60°C fo r  one hour y ie ld ed  

a reddish-brown gunk, devoid o f c r y s ta ls .  E xtraction w ith  200 m l, o f  

absolute ethanol y ie ld ed  a  cream colored  powder. This was re -ex tra cted  

w ith  absolute eth an ol, d isso lv ed  in  w ater, d eco lorized , and taken to  

dryness in  vacuo. The w eight o f  t h is  fr a c tio n  was 1.H& 6 grams. The 

a n a ly sis  i s  given in  Table I I I  coded Hydroxyproline Crop #1 . This 

m ateria l was w hite and s l ig h t ly  hygroscopic.

The combined ethan ol ex tra cts  fron the preceding were taken to  

dryness in  vacuo, taken up in  w ater, d eco lorized , and taken to  dry­

ness in  vacuo. The product was a s o f t ,  ye llow , transparent m ass. I t  

was ex tracted  w ith absolute ethanol and y ie ld ed  a residue whi<£i was a 

light-brow n colored  powder. This was taken up in  w ater, d eco lorized , 

concentrated to  about 2 m l., and a w hite p r e c ip ita te  obtained by add­

in g  75 ml. Of absolute ethanol and 50 m l. o f e th e r . This m ateria l was 

cream colored  and more hygroscopic than the f i r s t  crop o f hydroxyproline. 

I t  w eighted 0.2813 gram. I t s  a n a ly sis  i s  g iven  in  Table I I I  coded 

Hydroxyproline, Crop #2.

The absolute ethanol e x tr a c t , a f te r  the removal o f the second  

c r y s ta l crop o f hydroxyproline, was a pale straw co lo r . I t  was con­

cen trated  to  about 2 m l. in  vacuo. This was a pale yellow  colored
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TABLE I I I

Analyses* of Various Fractions o f Hydroxyproline and P roline

Iso la ted  from Collagen with Use of Nitrous Acid,

And Employing Amberlite In U to remove xtssidual Hydrogen Chloride

Fraction Ash Chlorides Ammonia Total N itrogen, l ( - )  Proline Hydroxyproline
Nitrogen Found Calculated**

Hydroxyproline 12*7 0 ,0  0 .00  6,35 5 ,09  9*7 3 6 ,6
(Crop #1) t

H ydroxyproline 18,3 0 ,0  0 ,0 0  6.02 5 .3 3  7.9 60 ,9
(Crop #2)

P ro lin e  11.5 0 .0  0 .00 6.78 8 .81  19.0 60.8
(Crop rfl)

^ ro lin e  28 .1  0 .0  0 .0 0  5.U1 2.97  15 .1  10 .6
(Crop #2}

* in  grams p e r  hundred grams o f m a te r ia l  d r ie d  16 h ou rs  a t  60°C in  vacuo

* * c a lc u la te d  from the  p e r  Cent n itro g en  in  the  p e r  c e n ts  p ro lin e  and h y d ro xypro line  as 
found by a n a ly s is .

roro
I
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syrup* I t  was taken up in  25 m l. o f warm absolute ethan ol and added 

drop-wise to  2$ ml. o f e th er . A w hite p r e c ip ita te  formed but th is  

rap id ly  turned to  an orange c o lo r . The preparation was h eld  20 hours 

a t  U°C. The c le a r , orange colored supem atent was discarded, the 

residue d isso lv ed  in  200 m l. o f  absolute e th an ol, and added drop-wise 

to  200 ml.' o f  e th er . A w hite p r e c ip ita te  formed but th is  again rap­

id ly  turned to an orange co lo r . B ec r y sta lliz a tio n  in  a s im ila r  manner 

y ie ld ed  a v isco u s, orange colored mass when a l l  o f the eth er  and 

ethan ol were removed from the same. (The treatment o f the super- 

natent i s  g iven  in  the next paragraph). E xtraction o f  th is  residue  

w ith  absolute ethanol y ie ld ed  0.0900 gram o f  a l ig h t  pink colored  

powder which was s l ig h t ly  hygroscopic. I t s  a n a ly sis  i s  given in  

Table I I I  coded P ro lin e , Crop #1. The ethanol ex tra c t from th is  phase 

y ie ld ed  a reddish-brown film  on drying so  i t  was discarded.

The eth er-eth an o l so lu tio n  remaining from the above treatm ent 

was concentrated to  a brown ta r . This was d isso lv ed  in  25 m l. o f  

absolute ethanol and added to  50 m l. o f acetone. A w hite curd separ­

a ted . This was f i l t e r e d  o f f  and i t  rap id ly  darkened to  a brown co lo r  

even over calcium ch loride in  a d es icca to r . The dry product weighed

O.06U1 gram* I t s  a n a ly sis  i s  given in  Table I I I  coded P ro lin e , Crop . 

#2 . The acetone-ethanol ^upem atent was discarded.

The preceding was given in  such d e ta il  in  order to  show the many 

o b sta c le s  th at were met, seem ingly a t  every step  o f  the p ro cess . No 

such d i f f i c u l t i e s  were encountered when s i lv e r  carbonate was used to  

remove res id u a l hydrogen c h lo r id e . I t  i s  obvious th a t none o f the
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fractions are pure. Organic m aterial i s  s t i l l  present as evidenced 

by the in a b ility  to make a m aterial balance. The ash content o f each 

fraction  i s  s t i l l  quite s ig n if ica n t. Q ualitative te s ts  again indicated  

the ash in  a l l  cases to  be e s se n t ia lly  a phosphate. The Norit-A was 

probably the main contributor of th is  component since i t  was found to  

contain 2 .2 k  per cent ash on an as i s  b a sis . This ash a lso  gave pos­

i t iv e  response to the various phosphate t e s t s .

A nitrogen balance can only be obtained in  the case of the f i r s t  

cry sta l crop of proline and i t  i s  c h ie f ly  hydroxyprolineI This would 

seem to ind icate that e ith er  racemization of the proline had occurred 

(the m icrobiological assay reports only the natural isomer) or the 

Amberlite IR k contributed nitrogen to  the products and th is  la s t  i s  

quite lo g ic a l since i t  i s  an aniline-formaldehyde condensation product. 

I t  would further appear that the Amberlite IR k  e ith er  removed most of 

the proline or the nitrogen-containing compound contributed by the same 

catalyzed the degradation of the proline, as a re su lt  o f which so 

l i t t l e  of that amino acid was recovered.

The combined y ie ld  of hydroxyproline, even including the f i r s t  

crop of pro lin e, i s  le s s  than that obtained in  any case whan s i lv e r  

carbonate was used to remove residual hydrogen ch loride. Further, the 

purity i s  considerably lower.

DISCUSSION

I t  cannot be questioned but that th is  research has y ielded  an
I

e n tir e ly  new and novel method for iso la t in g  proline and hydroxypro­

lin e  from collagen , and quite conceivable other p rotein s. The method
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i s  not perfect in  any sense but the y ie ld s , //hen s ilv e r  carbonate i s  

used to remove residual hydrogen chloride, are good and a many-fold 

concentration of each of the desired amino acids has been obtained.

The -Triter concentrated on trying to increase the y ie ld s  and did not 

have the time available to thoroughly in vestigate  means of purifying  

the crude products. Suffice i t  to say, considerable d if f ic u lty  was 

always encountered when solvent p recip ita tion  was employed in  an at­

tempt to purify any of the fra ctio n s. The m aterials were hard to  re-  

c r y s ta lliz e  and degradation took place most read ily  in  many of the so l­

vents as evidenced by color formation and decrease in  y ie ld  of the 

substances f in a lly  obtained in  the dry s ta te ,

Amberlite IB ii o ffers no advantage over s ilv e r  carbonate as a 

means of removing residual hydrogen ch loride. Proline i s  p ra c tica lly  

elim inated as a product and only p e r s is ts  as an impurity In the hydroxy­

proline fra ctio n s, dfhether th is  i s  due to racemization of the proline 

or catalyzed degradation due to a contribution of the resin  or reten­

tion  on the column are a l l  open to question. I t  i s  highly probable 

that the proline was c a ta ly t ic a lly  degraded in  process by the contri­

bution of the resin  for the reasons already discussed. Purity and 

y ie ld s o f hydroxyproline are a lso  lower. However e ith e r  s i lv e r  car­

bonate or Amberlite IR h can be used for  complete removal o f residual 

hydrogen ch loride.

The presence of ash and organic matter are problems which w i l l  

have to be solved before the method w i l l  be of economic importance. 

Their eventual so lution  i s  quite w ithin the realm o f prob ab ility .
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SUMMAHI

1 . A new method has been developed fo r  the  i s o la t io n  o f  p ro lin e  and 

hydroxypro line from c o lla g en .

2 . The procedure in v o lv es  t r e a t in g  a c o lla g en  h y d ro lyza te  w ith  0 .3  N 

n i tro u s  a c id  i n  the  presence of an excess o f 1 N h y d ro c h lo ric  a c id  a t  

60°C f o r  90 m inu tes, subsequen tly  b o ilin g  o f f  the excess l iq u id ,  ex­

t r a c t in g  w ith  co n cen tra ted  h y d ro ch lo ric  a c id , removal o f  r e s id u a l  hy­

drogen c h lo r id e , and f i n a l l y  a b so lu te  e th a n o l e x tr a c t io n  to  y ie ld  two 

c r y s ta l l in e  m o ie tie s .

3 . Three s im ila r  experim en ts, u s in g  s i l v e r  carbonate  to  remove re s id u a l  

hydrogen ch lo rid e  were c a r r ie d  o u t .  Good y ie ld s  were o b ta in ed  in  each 

case a lthough  the p ro d u c ts  ’were n o t p u re .

U. A m berlite IR U o f f e r s  no advantage over s i l v e r  carbonate  as  a means 

o f removing r e s id u a l  hydrogen c h lo r id e .
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