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The exist ing methods of hydrolysis of proteins into amino-acids can be classified 
into two main  categories: (i) hydrolysis by  acids or alkalies and  (if) hydrolysis by  pro- 
teolytic enzymes.  However these methods  are t ime consuming,  often requir ing any th ing  
from 6 to 24 hours 1-3. In  addit ion,  such methods f requent ly  suffer from a further 
handicap,  in tha t  some of the amino-acids are destroyed dur ing  the progress of hydro- 
lysis 4-~. In  an earlier communica t ion  7 it  was suggested tha t  CO - N H  bond is not  so 
resis tant  as to take such a protracted period of t ime for its cleavage in an acidic or 
alkaline medium. Steric configurations s-a~ presumably  play  a decisive par t  to account 
for t ime factor. F rom studies on molecular  configuration of proteins in tissues by  
RUDALL 11, it would appear  tha t  tissue proteins  are p redominan t ly  of the a or the folded 
type. If the a type  of proteins  could be unfolded into extended r-form, the accessibility 
of C O - N H  bonds to hydrolyt ic  agents  might  thereby  be increased. Based on the work 
of AMBROSE AND ELLIOT 12 regarding a ~ fi t ransformat ions  through the mediat ion of 
formic acid, exper iments  on the hydrolysis of proteins by  HC1 were carried out by 
GURNANI AND SAHASRAIBUDHE 7 after p re t r ea tmen t  with formic acid and  it  was observed 
tha t  the t ime of hydrolysis  was markedly  curtailed. 

In  the present  communica t ion  an a t t empt  is made to assess the relative efficiency of 
this new technique in  terms of s t andard  procedures. 

MATERIALS AND METHODS 

The material upon which the present work is based consists for the most part of tissues from 
various organs of experimental animals. The schedule for processing them is as follows: The tissue 
is minced in a suitable homogenizer (Potter and Elvehjem) and followed by boiling with 85 ~o formic 
acid (2 ml per g of tissue). With this treatment the tissue rapidly goes into solution (2- 3 minutes). 
This is immediately followed by the addition of 2 N HC1, making up a final volume of 2o ml per g 
of tissue. The mixture is then refluxed for two different time intervals: 2 and 6 hours respectively. 

For comparison, standard methods of hydrolysis are employed without formic acid. This 
consists of using similar aliquots of the homogenates which are refluxed either by treatment with 
2. 5 N HC1 or 5 N NaOH for 2o hours. 

For recovery experiments at these intervals, parallel experiments are also carried out with 
5 mg of the amino acids (i-enantiomorph) added to each g of tissue prior to hydrolysis. Amino-acids 
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are estimated from these hydrolysates by the usual microbiological procedures, by employing the 
organisms Lactobacillus arabinosus 17/5 la-1~, Leuconostoc m.eseuteroides P-6o 15-17 and 5"tr@lococcus 
[ecalis R is. The technique of culturing and harvesting the organisms is essentially the same as de- 
scribed by BARTON-~YRIGHT 15. 

Standard amino-acids are also refluxed with 2 ml of 85 % formic acid and 2 N HC1 for 2 hours. 
This is carried out to see whether presence of formic acid would have any specific effect on the 
natural growth of the organisms. 

This procedure is also extended to serum proteins to study the efficacy of this nlethod in 
releasing the amino-acids from serum proteins. 

RESULTS 

F r o m  T a b l e  I i t  wil l  be  s een  t h a t  t h e  re lease  of a m i n o - a c i d  is c o m p l e t e  in  a s h o r t  

s p a n  of 2 hou r s .  F u r t h e r  h y d r o l y s i s  of s imi la r  a l i q u o t s  for  6 h o u r s  b r i n g  a b o u t  no  

a u g m e n t a t i o n  in  y i e l d  w h a t e v e r  of t h e  a m i n o  acids .  In  c o n t r a s t  t h e  c o r r e s p o n d i n g  y ie ld  

of a m i n o - a c i d s  is o b t a i n e d  on ly  a f t e r  2o h o u r s  t r e a t m e n t  w i t h  t h e  s t a n d a r d  p r o c e d u r e .  

T h e  d a t a  on  t h e  r e c o v e r y  e x p e r i m e n t s  a re  p r e s e n t e d  in Tab le  I I .  I t  is a p p a r e n t  f rom 

t h i s ,  t h a t  t h e  r e c o v e r y  of a m i n o - a c i d s  is c o m p l e t e  in  all t h e  t h r e e  ser ies  of e x p e r i m e n t .  

"I'A BIA£ l 

COMPARATIVE STUDY OF RELEASE OF AMINO-ACIDS BY FORMIC ACID-HC1 METHOD 
AND STANDARD PROCEDURE 

No. A mino-acid 

Hydrolysis o/]ormic acid 
treated tissue with 2 N HCl Hydrolysis 

with 2.5 N HCl alone 
20 hours 2 hours 6 hours 

Phenylalanine 5.85* 5.83* 5.85* 
2 Isoleucine 6.50 6.81 6.36 
3 Methionine 2.4 o 2.61 2.70 
4 Lysine ~3.35 13.36 13.35 
5 Leucine t7.5 15.83 15-95 
6 Histidine 4.73 4.9 ° .5.04 
7 Arginine 12.20 12.41 10.2 3 
8 Threonine 8.30 8.04 8.52 
9 Valine 8.18 8.66 8.25 

" Values expressed in mg per g of tissue. 

TABLE II 

R E C O V E R I E S  O F  A M I N O  A C I D S  A D D E D  TO T I S S U E  H O M O G E N A T E S  B E F O R E  I I Y D R O L Y S I S  

N o, A m ino-acid 

Recovery in  formic acid Recovery in hydrolysis 
treated hydrolysis ( % )  ~c ith 2. 5 N HCI alone (qb) 

2 hours 6 hours 20 hours 

i Phenylalanine ~o6.8 lO6.O Ioo.57 
2 Isoleucine 98.46 1o4.7o too.5o 
3 Methionine 98.34 96.58 93.5 ° 
4 Lysine 99.o too.o 98.o 
5 Leucine 98.0 io4.o xo4.io 
6 Histidine 97.33 ~o4.Io 97.6o 
7 Threonine ioo.5o to7. 3 95.o 
8 Arginine lOO.4O 99.60 98.o 
9 Valine ~o6.o0 lOO.2q ioo.o 
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Once again, the marked diminution in time for the completion of the process in formic 
acid treated samples becomes manifest, and there is no indication of any impairment of 
hydrolysis by the formation of stable formyl derivatives as would occur by treatment 
with formic acid alone 19. 

Table I I I  illustrates the influence of pretreatment of serum proteins with formic acid 
in accelerating the complete release of amino-acids in two hours. The percentage re- 
coveries of amino-acids added are also within the limits of accuracy of microbiological 
technique. 

TABLE III 
C O M P A R A T I V E  S T U D Y  OF R E L E A S E  OF A M I N O - A C I D S  F R O M  s e r u m  proteins 

B Y  T H E  F O R M I C  A N D  A C I D  He1 M E T H O D  A N D  S T A N D A R D  P R O C E D U R E  

No.  A m i n o - a c i d  

Hydro lys i s  ol ]ormic acid Hydro lys i s  
treated serum wi th  2 N H C l  

wi th  2.5 N H C l  alone 

2 hours 6 hours 20 hours 

I Lys ine  4.46 4.8 4.8 
2 Meth ion ine  0.85 0.85 0.84 
3 Isoleucine i .66 1.66 1.84 
4 P h e n y l a l a n i n e  3.23 2.75 3.33 
5 Threon ine  3-35 3 .12 3.3 ° 
6 Arginine  4.24 4.25 3.0 

Though the amino-acids studied above are well protected in acid hydrolysis, the 
case of tryptophane needs special consideration. It  is interesting to point out that the 
lability of this amino-acid differs from those reported for other amino acids. In acid 
hydrolysate e.g. this amino-acid is completely or partially destroyed, while in alkaline 
hydrolysis racemization occurs 15. The destruction of amino-acids can also occur from 
reactions with carbohydrates 19-22, aldehydes 19, and pyruvic 5 acid present in tissue 
material. As is clear from Table IV, though pure tryptophane is not destroyed by formic 
acid HC1 treatment yet the recovery of this amino-acid added to tissue homogenate 
is only 45%. In the case of HCI hydrolysis however lOO% destruction of tryptophane 
takes place. Alkaline hydrolysis is therefore the method chosen for estimating this 
amino-acid. 

T A B L E  IV 

I N F L U E N C E  OF F O R M I C  A C I D  HC1 H Y D R O L Y S I S  ON T R Y F T O P H A N E  

Formic  acid-HCl  /or 

2 hours 6 hours 

2. 5 N H C l  alone ]or 5 N N a O H  alone ]or 
20 hours 20 hours 

% recovery  of pu re  t r y p t o p h a n e  98 
% recovery  of t r y p t o p h a n e  

added  to t i ssue  ex t r ac t  45-5 lO.58 
Release  of t r y p t o p h a n e  

f rom t i s sue  (mg/g) 0.568 o.241 

5 5 . 4  IOO* 

* 
o.o IOI.O 

o.o 1.687" 

* Values  doub led  to allow for t he  r acemisa t ion  wi th  N a O H  hydrolys is .  

I t  is also observed that  pure amino-acids treated with formic-acid HC1 give growth 
responses identical with the untreated standard amino-acids, thus showing that  formic 
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acid does not  interfere with the normal  growth response of the organisms to the amino- 
acids. 

DISCUSSION 

Except  for the destruct ion of t ryptophane ,  the technique out l ined  here obeys the 
general criteria of a good method for the hydrolysis of tissue proteins. The condi t ions  
of hydrolysis do not  cause destruct ion of amino-acids in the presence of mixtures  of 
other amino-acids s imulat ing the protein  hydrolysate.  Fur the r  they can be quant i -  
ta t ive ly  recovered in toto after hydrolysis. This hydrolyt ic  procedure therefore has the 
unique  advantage  of curtai l ing the t ime of hydrolysis without  sacrificing in any  way 
the release of amino-acids from tissue proteins. 

Though the mechanism of act ion of formic acid is still a mat te r  of speculat ion two 
al ternat ive  possibilities suggest themselves:  (i) formic acid probably  acts as a physical 
agent in readi ly dissolving the tissue mater ia l  thus facil i tat ing the subsequent  hydrolysis 
with HC1 or (ii) the aldehydic group of formic acid probably  combines with the NH 
group of the peptide chain producing an unfolding effect. This  la t ter  possibi l i ty appears 
to be nearer  the t ru th  in view of knowledge gained on the s tructure of proteins and 
polypeptides.  
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SUMMARY 

I. A new method of hydrolysis of tissue proteins with formic acid HC1 is described which 
possesses the specific advantage of curtailing the time of hydrolysis without impairing the release 
of amino-acids. 

2. The efficacy of this new procedure over standard methods of hydrolyzing proteins has been 
established with the help of microbiological methods. 

3. The applicability of this technique to serum proteins has also been tested with equal validity. 
4. It is not advisable to use this method for tryptophane. 
5. The question of the effect of steric factors on the rate of hydrolysis of proteins is also 

considered. 

R~SUMI~ 

i. Une nouvelle m6thode d'hydrolyse des prot6ines des tissus par un m61ange aeide formique- 
HC1, qui pr~sente l'avantage d'6courter le temps d'hydrolyse sans diminution de la lib6ration des 
amino-acides, est d6crite. 

2. La sup6riorit6 de cette nouvelle technique sur les m6thodes standard d'hydrolyse des 
prot6ines a 6t6 6tablie ~ l'aide de m6thodes microbiologiques. 

3. Cette m6thode peut 6galement 4tre appliqu6e aux prot6ines du s~rum. 
4- Cette m6thode ne peut 4tre utilis6e pour le tryptophane. 
5- La question de l'influence des facteurs st6riques sur la vitesse d'hydrolyse des prot6ines est 

*galement discutde. 

Re[crevices p. 557. 
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ZUSAMMENFASSUNG 

I. Es wird eine neue Methode zur Hydrolyse  von Gewebsproteinen mittels Ameisens~ure/HC1 
beschrieben, welche den spezifischen Vorteil besitzt, die Hydrolysenzei t  zu verkfirzen, ohne die 
Freisetzung yon Aminosiiuren zu hindern.  

2. Die Vorteile dieser neuen Methode gegen fiber klassischen Methoden der Proteinhydrolyse,  
wurden  mit  Hilfe von mikrobiologischen Versuchen gepriift und bestAtigt. 

3 -Die  Anwendbarkei t  dieser neuen Methode auf Serumprote ine  wurde ebenfalls erfolgreich 
untersucht .  

4- Gegentiber T r y p t o p h a n  ist mi t  dieser Methode Vorsicht  geboten. 
5-Die  Frage, ob ffir die Hydrolysengeschwindigkei t  von Proteinen sterische Faktoren  eine 

Rolle spielen, wird er6rtert.  
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