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The  present  invention  relates  to  a  process  for  hydroly- 
sis  of  peptide  or  protein  and,  although  the  invention  is  not 
so  restricted,  it  relates  more  particularly  to  such  a  process 
which  is  conducted  prior  to  amino  acid  hydrolysis. 

The  hydrolysis  of  protein,  which  is  a  pretreatment  to  be 
conducted  prior  to  amino  acid  analysis,  has  been  carried 
out  with  distilled,  azeotropic  hydrochloric  acid  at  100  to 
110°C  in  an  air-free  sealed  tube  for  a  time  of  as  long  as  24 
to  144  hours.  It  is  a  major  disadvantage  of  the  conventional 
process  to  heat  for  such  a  long  period. 

According  to  a  process  of  Tsugita  et  al.  developed 
recently,  the  hydrolysis  can  be  carried  out  rapidly  in  25  to 
50  minutes  with  a  mixed  solution  of  hydrochloric  acid 
(HC1),  trifluoroacetic  acid  (CF,COOH;  hereinafter  referred 
to  as  TFA)  and  water  (H,O).  The  Tsugita  et  al.  process  is 
discussed  in  the  following  references:- 

(1)  Akira  Tsugita  and  Jean  Jacques  Scheffler;  Proc.  Japan 
Acad.,  58,  Ser.  B  (1982), 

(2)  Akira  Tsugita  and  Jean  Jacques  Scheffler;  Eur.  J. 
Biochem.  124  (1982)  585, 

(3)  Akira  Tsugita,  Francis  Vilbors,  Carl  Jone  and  Rudorf 
van  den  Broek;  Z.  Physiol.  Chem.  365  (1984)  343. 

The  gist  of  the  process  developed  by  Tsugita  et  aI.  is 
as  follows: 

(i)  A  high  reaction  temperature  is  employed  so  as  to  en- 
hance  the  hydrolysis  reaction  rate.  (When  the  temperature 

is  elevated  by  10°C,  the  reaction  rate  is  approximately 
doubled.  When  the  temperature  is  elevated  by  60°C,  the 
reaction  rate  is  increased  64-fold  (=  26)  Namely,  the  unit 
"hour"  may  be  replaced  roughly  by  the  unit  "minute"  in  this 
case.) 

(ii)  When an  organic  solvent,  particularly  a  strongly  acidic 
organic  acid,  is  added  to  protein,  a  hydrophobic  peptide 
moiety  can  be  hydrolysed  easily. 

The  fact  that  the  hydrolysis  rate  is  increased  by  the 
temperature  rise  will  now  be  described.  The  relationship 
between  the  temperature  and  the  hydrolysis  rate  of  Val-Glu 
dipeptide,  which  is  considered  to  be  difficultly  hydrolysable 
with  an  acid,  is  shown  in  Figure  5.  The  hydrolysis  time  was 
25  min.  For  comparison,  the  results  obtained  by  using 
6M-HC1  are  also  shown.  It  is  apparent  from  Figure  5  that 
the  reaction  rate  is  increased  as  the  temperature  is  ele- 
vated.  The  reaction  rate  obtained  when  a  mixture  of  TFA 
and  hydrochloric  acid  [CF,CO,H:HC1  (1:2)]  was  used 
was  far  higher  than  that  obtained  when  6M-HC1  was  used. 

The  effects  of  the  organic  acids  added  to  protein  will 
be  shown  below.  The  results  obtained  by  using  volatile 
organic  acids  having  relatively  excellent  effects  are  sum- 
marised  in  Table  1  below.  It  is  apparent  from  Table  1  that 
the  effect  obtained  by  the  addition  of  TFA  is  excellent. 

It  will  be  understood  from  the  above-described  facts 
that  the  elevation  of  the  hydrolysis  temperature  and  the 
addition  of  TFA  are  most  effective  in  accelerating  the  hy- 
drolysis. 

In  an  experiment,  myoglobin,  one  of  the  known  pro- 
teins,  was  hydrolysed  with  TFA/hydrochioric  acid  (1:2)  for 
10  and  25  minutes  and  the  decomposition  rate  of  the 
protein  was  determined  from  the  recovery  of  alanine  to 
obtain  the  results  shown  in  Figure  6.  It  is  apparent  that 
100%  recovery  was  obtained  at  around  166°C  after  25 
minutes. 

Although  the  hydrolysis  process  developed  by  Tsugita 
et  a).,  in  which  a  mixed  solution  of  TFA  and  water  is  used, 
is  capable  of  completing  the  hydrolysis  rapidly  within  20  to 
50  minutes,  it  has  the  defect  that  the  formed  amino  acids 
are  contaminated  with  the  solvent  used  in  this  solution 
process  so  as  to  cause  an  error  in  the  analysis  value  of  the 
amino  acids.  Therefore,  a  complicated  evaporation  proce- 
dure  is  necessitated  in  this  process  which  involves  removing 
the  acid  after  the  hydrolysis  and  this  makes  the  automatic 



operation  thereof  difficult.  In  addition,  a  long  time  is  required 
prior  to  the  analysis  of  the  amino  acids  and,  therefore, 
synchronization  with  the  amino  acid  analysis  device  is  dif- 
ficult 

It  is  therefore  an  object  of  the  present  invention  to 
provide  a  method  for  the  hydrolysis  of  peptide  or  protein  in 
which  it  is  possible  to  prevent  the  contamination  of  the 
amino  acids  formed  by  the  decomposition. 

It  is  another  object  to  provide  a  method  for  the  hydroly- 
sis  of  peptide  or  protein  which  hydrolyses  the  protein  more 
rapidly. 

It  is  a  further  object  to  provide  a  method  for  the 
hydrolysis  of  peptide  or  protein  which  is  suitable  for  automa- 
tion. 

According  to  the  present  invention  there  is  therefore 
provided  a  process  for  the  hydrolysis  of  peptide  or  protein 
characterised  by  immobilising  peptide  or  protein  on  a  solid 
surface;  and  exposing  said  immobilised  peptide  or  protein  to 
a  vapourised  acid  mixture. 

The  peptide  or  protein  may  be  adsorbed  on  said  sur- 
face. 

The  said  solid  surface  may  be  made  of  glass  or  heat 
resistant  resin. 

The  said  surface  may  comprise  beads  or  porous  pro- 
ducts. 

The  said  vapourised  acid  mixture  may  be  a  gaseous 
mixture  of  concentrated  hydrochloric  acid,  trifluoroacetic 
acid  and  water. 

The  said  vapourised  acid  mixture  may  further  contain 
phenol  and  a  volatile  reducing  agent 

The  said  vapourised  acid  mixture  may  comprise  at 
least  5.7  to  10M  hydrochloric  acid  and  5  to  50% 
trifluoroacetic  acid. 

Immobilisation  may  be  achieved  by  adsorption  onto  the 
surface  of  a  support  or  by  other  means. 

The  temperature  of  the  vapourised  acid  mixture  may 
be  in  the  range  of  100  to  180°C  The  time  period  during 
which  the  immobilised  peptide  or  protein  is  exposed  is  in  the 
range  of  5  to  120  minutes. 

The  invention  is  illustrated,  merely  by  way  of  example, 
in  the  accompanying  drawings,  in  which:- 

Figure  1  is  a  sectional  view  of  a  vessel  used  in  the 
experiment  of  the  gas  phase  process  in  Example  1; 

Figure  2  shows  curves  showing  relationships  between  the 
temperature  and  the  hydrolysis  rate  of  VaI-Glu  when  using 
a  process  according  to  the  present  invention  (curve  c), 
when  using  a  liquid  phase  process  (curve  b)  and  when 
using  the  conventional  process  (curve  a); 

Figure  3  is  a  sectional  view  of  a  sample  holder  for  a 
hydrolysis  device  which  can  be  synchronised  with  the  ami- 
no  acid  analyser  referred  to  in  Example  5; 

Figure  4  is  a  rough  sketch  of  the  respective  stages  in  the 
gas  phase/solid  phase  hydrolysis  device  used  in  Example  5; 

Figure  5  shows  curves  showing  relationships  between  the 
temperature  and  the  hydrolysis  rate  of  VaI-Glu  when  using 
the  liquid  phase  process  and  when  using  the  conventional 
process;  and 

Figure  6  shows  curves  of  the  hydrolysis  of  myoglobin  with 
TFA:HC1  (1:2). 

The  following  Examples  will  further  illustrate  the  present 
invention. 

Example  1 

In  this  Example,  a  fundamental  embodiment  of  this 
process  for  the  hydrolysis  by  the  gas  phase/solid  phase 
reaction  is  illustrated. 

For  simplification,  2.5  nmol  of  Val-Glu  dipeptide  1  was 
placed  in  a  small  test  tube  2  as  shown  in  Figure  1  and 
dried  sufficiently,  whereby  the  Val-Glu  dipeptide  was  im- 
mobilised  on  the  solid  surface  of  the  test  tube  2.  The  test 
tube  2  was  then  placed  in  a  large  test  tube  3  in  which  500 
µl  of  an  acid  mixture  4  of  HC1:TFA  (3:2)  had  been  placed 
at  the  bottom.  The  test  tube  3  was  sealed  in  a  vacuum 
while  being  cooled  with  ice  to  form  an  ampoule  5.  The 
sealed  test  tube  was  placed  in  an  oil  bath  which  was  kept 
at  166°C  and  heated  for  30  minutes.  By  this  treatment,  the 
acid  mixture  4  was  vapourised  to  hydrolyse  the  dipeptide  by 
the  gas  phase/solid  phase  reaction.  After  the  heating  had 
been  conducted  for  30  minutes,  the  test  tube  2  was  taken 
out  and  the  formed  acids  were  removed  thoroughly  by  a 
vacuum  desiccator.  80  µl  of  0.01  M-HC1  was  placed  in 
the  dry  test  tube  2  to  dissolve  the  hydrolysate.  The  solution 
was  analysed  with  an  amino  acid  analyser  (a  product  of 
Durrum)  to  reveal  that  the  recovery  of  the  amino  acids 
constituting  the  dipeptide  was  100%.  The  contamination 
with Gty  and  Ser,  which  are  considered  to  be  contaminants, 
could  be  controlled  to  less  than  10  pmol  (below  the  sensitiv- 
ity  of  the  analyser)  (100  to  300  pmol  of  the  contaminant 
remain  in  an  ordinary  process). 

It  is  apparent  from  this  Example  that  the  hydrolysis  was 
effected  by  the  gas  phase/solid  phase  reaction. 

Example  2 

This  Example  is  to  demonstrate  that  the  hydrolysis 
reaction  rate  is  increased  remarkably  by  elevating  the  tem- 
perature  of  the  vapourised  acid  mixture  of  hydrochloric  acid 
(HC1)  and TFA. 

The  Val-Glu  dipeptide  was  hydrolysed  in  the  same 
manner  as  in  Example  1  except  that  the  temperature  was 
varied  in  the  range  of  110  to  210°C  and  the  hydrolysis 
rates  were  determined  to  obtain  the  results  shown  by  the 
curve  c  in  Figure  2.  For  comparison,  the  results  obtained  by 
the  ordinary  hydrochloric  acid  process  and  by  the  liquid 
phase  process  developed  by  Tsugita  et  al.  are  also  shown 
in  Figure  2. 

In  Figure  2,  curves  a  to  c  show  the  results  obtained 
under  the  following  conditions: 

a:  ordinary  hydrochloric  acid  process, 

6  M  HC1,  25  min., 

b:  liquid  phase  process  of  Tsugita  et  aI., 

TFA:HC1  =  (1:2),  25  min., 

c:  process  of  the  present  invention, 

TFA:HC1  =  (2:3), 25  min. 



It  is  apparent  from  this  Example  that  as  the  tempera- 
ture  of  the  vapourised  acid  mixture  was  elevated,  the  reac- 
tion  was  accelerated  remarkably.  It  is  also  apparent  that  the 
hydrolysis  reaction  could  be  carried  out  most  rapidly  ac- 
cording  to  the  process  of  the  present  invention. 

Example  3 

This  Example  is  to  demonstrate  that  the  amino  acid 
recovery  obtained  by  the  process  of  the  present  invention  is 
quite  sufficient.  The  recoveries  of  various  amino  acids  ob- 
tained  by  the  hydrolysis  effected  by  the  same  process  as  in 
Example  1  were  determined  to  obtain  the  results  shown  in 
Table  2  below.  For  comparison,  the  results  obtained  by 

using  the  acid  mixture  solutions  investigated  by  Tsugita  et 
sl.  are  also  shown.  The  values  given  in  Table  2  refer  to  the 
recoveries  obtained  after  heating  at  166°C  in  a  gas  phase 
(TFA:HC1  =  2:3)  and  170°C  in  a  liquid  phase  (TFA:HC1 
=  1:2).  The  recoveries  of  the  amino  acids  are  given  by 
percentages  based  on  glutamic  acid.  It  is  apparent  from  the 
results  shown  in  Table  2  that  the  hydrolysis  process  of  the 
present  invention  with  the  vapourised  acid  mixture  is  sat- 
isfactory  like  the  liquid  phase  process. 



Example  4 

In  this  Example,  various  proteins  were  hydrolysed  with 
the  vapourised  acid  mixture  of  the  present  invention.  The 
experiment  was  conducted  in  the  same  manner  as  in  Exam- 
ple  1  using  the  following  proteins: 

glucagon 

cytochrome  C 

chymotrypsinogen  A 

myoglobin 

An  aqueous  solution  of  about  5  pg  of  each  protein 
sample  was  placed  in  the  same  small  test  tUbe  as  in 
Example  1  and  dried  sufficiently  in  a  vacuum.  The  hydroly- 
sis  was  conducted  in  the  same  manner  as  in  Example  1. 
The  hydrolysis  with  the  vapourised  acid  mixture  was  con- 



ducted  at  161 °C  for  22.5  minutes  (22.5  V  in  the  Table) 
and  45  minutes  (45  V  in  the  Table).  The  acid  mixture 
placed  at  the  bottom  of  the  test  tube  comprised  TFA  and 
hydrochloric  acid  in  a  ratio  of  2:3.  The  hydrolysed  sample 
was  dissolved  in  80  µl  of  0.01  M  HC1  and  the  amino  acid 
composition  was  analysed  with  an  ordinary  amino  acid 
analyser.  The  results  are  summarised  in  Table  3  below.  For 
comparison,  there  are  also  shown  in  Table  3  the  results 
obtained  by  the  process  developed  by  Tsugita  et  al., 
wherein  an  acid  mixture  was  used,  and  a  process  wherein 
azeotropic  hydrochloric  acid  (5.7  M)  was  used.  In  the 
former  process,  wherein  an  acid  mixture  was  used,  the 
hydrolysis  was  conducted  with  a  mixture  of  TFA  and  hy- 
drochloric  acid  in  a  ratio  of  1:2  at  166°C  for  25  minutes 
(25  L  in  the  Table)  and  50  minutes  (50  L  in  the  Table).  In 
the  latter  process,  wherein  azeotropic  hydrochloric  acid  (5.7 

M)  was  used,  the  treatment  was  conducted  at  106°C  for 
24  hours  (24  C  in  the  Table)  and  72  hours  (72  C  in  the 
Table).  In  the  Tables,  values  "T"  refer  to  values  calculated 
from  the  primary  structure  of  the  protein.  The  values  in  the 
parentheses  given  in  the  columns  of  Thr  and  Ser  are  those 
extrapolated  to  time  0. 

It  is  apparent  from  Table  3  that  the  amino  acid  com- 
position  of  the  protein  found  by  the  experiment  coincided 
well  with  the  calculated  one.  This  fact  suggests  that  the 
process  of  the  present  invention  for  hydrolysing  protein  with 
the  vapourised  acid  mixture  is  very  effective. 





Example  5 

This  Example  provides  an  embodiment  of  a  hydrolysis 
device  according  to  the  gas  phase/solid  phase  reaction 
which  can  be  connected  with  an  automatic  amino  acid 
analyser  to  conduct  a  synchronised  operation.  As  shown  in 
Figure  4,  the  hydrolysis  device  comprises  4  stages.  A 
sample  holder  6  (best  seen  in  Figure  3)  moves  in  the 
respective  steps  according  to  a  cascade  system.  N,  gas, 
acid  mixture  vapour  and  0.01  M  HC1  are  introduced  therein 
through  respective  valves.  The  sample  in  the  sample  holder 
6  as  shown  in  Figure  3  is  prepared  previously  by  im- 
mobilising  a  protein  on  a  solid  surface  by  adsorbing  the 
protein  in  the  form  of  its  solution  on  glass  or  heat  resistant 
resin  beads  or  porous  products  7  in  the  sample  holder  to 
form  a  substantial  monomolecular  film  and  drying  the  same. 
The  capacity  of  the  sample  holder  6  is  100  g.  The  sample 
holder  6  is  placed  automatically  in  the  gas  phase/solid 
phase  hydrolysis  device  and  moves  automatically  from 
stage  (1)  to  stage  (4)  successively 

as  shown  in  Figure  4.  The  sample  holder  6  into  which  N, 
gas  has  been  introduced  in  the  first  stage  (1)  moves  into 

the  second  stage  (2)  and  is  heated  to  160°C  by  means  of 
a  heater  8.  A  gaseous  mixture  of  TFA,  hydrochloric  acid 
and  water  from  a  vessel  9  heated  with  a  heater  10  is  sent 
by  N,  gas  into  the  sample  holder  6  through  a  pipe  heated 
by  a  heater  11.  The  heated  gaseous  mixture  hydrolyses  the 
protein  adsorbed  on  the  beads  or  porous  products  7  in  the 
sample  by  the  gas  phase/solid  phase  reaction.  Superfluous 
mixture  vapour  is  liquefied  in  a  condenser  12  and  collected 
in  a  vessel  13.  After  completion  of  the  hydrolysis  carried 
out  for  25  to  50  minutes,  the  sample  holder  6  moves  into 
the  third  stage  (3)  and  is  cooled  by  introducing  N,  gas. 
The  sample  holder  6  then  moves  into  the  fourth  stage  (4). 
0.01  M  HC1  is  introduced  therein  in  an  amount  (98  µl) 
slightly  smaller  than  the  space  (100  µl)  in  the  sample 
holder.  The  sample  holder  6  is  then  sent  into  a  subsequent 
amino  acid  analyser. 

The  procedure  shown  in  this  Example  is  essentially  the 
same  as  that  shown  in  Example  1.  This  Example  indicates, 
however,  that  the  hydrolysis  by  the  gas  phase/solid  phase 
reaction  according  to  the  present  invention  can  be  auto- 
matised  easily  and  also  that  it  can  by  synchronised  with  the 
subsequent  amino  acid  analyser. 



The  present  invention  has  been  described  above  with 
reference  to  the  five  Examples.  The  effects  of  the  present 
invention  may  be  summarised  as  follows: 

(1)  No  contamination  is  substantially  caused.  (Since  the 
process  is  carried  out  in  a  gas  phase,  the  amino  acids  are 
essentially  scarcely  contaminated  with  the  solvent -  unlike 
the  solution  process). 

(2)  The  protein  can  be  hydrotysed  rapidly.  (The  hydrolysis 
time  per se  is  short.  Only  a  short  time  is  required  in  each 
procedure  because  of  the  gas  phase  process.  For  example, 
the  acid  removal  by  complicated  evaporation  procedures  is 
unnecessary  and,  therefore,  it  can  be  synchronised  with  the 
amino  acid  analyser). 

(3)  The  automation  is  easy.  (An  error  caused  by  the  oper- 
ator  is  avoidable  and  a  high  reproducibility  can  be  realised 
in  experiments  carried  out  under  given  conditions.  Since  a 
series  of  operations  are  conducted  in  one  and  the  same 
device, 

contamination  due  to  a  transfer  into  another  vessel  can  be 
avoided). 

Thus,  the  process  of  the  present  invention  for  the 
hydrolysis  of  protein  with  the  mixture  vapour  has  advan- 
tages  which  cannot  be  obtained  by  the  conventional  pro- 
cesses.  The  industrial  value  of  this  process  is  thus  high. 

1.  A  process  for  the  hydrolysis  of  peptide  or  protein  charac- 
terised  by  immobilising  peptide  or  protein  on  a  solid  surface 
(7),  and  exposing  said  immobilised  peptide  or  protein  to  a 

vapourised  acid  mixture. 

2.  A  process  according  to  claim  1  characterised  in  that  said 
peptide  or  protein  is  adsorbed  on  said  surface  (7). 

3.  A  process  according  to  claim  1  or  2  characterised  in  that 
said  solid  surface  (7)  is  made  of  a  glass  or  heat  resistant 
resin. 

4.  A  process  according  to  any  preceding  claim  charac- 
tensed  in  that  said  surface  comprises  beads  or  porous 
products  (7). 

5.  A  process  according  to  any  preceding  claim  charac- 
terised  in  that  said  vapourised  acid  mixture  is  a  gaseous 
mixture  of  concentrated  hydrochloric  acid,  trifluoroacetic 
acid  and  water. 

6.  A  process  according  to  any  preceding  claim  charac- 
terised  in  that  said  vapourised  acid  mixture  further  contains 
phenol  and  a  volatile  reducing  agent 

7.  A  process  according  to  any  preceding  claim  charac- 
terised  in  that  said  vapourised  acid  mixture  comprises  at 
least  5.7  to  10  M  hydrochloric  acid  and  5  to  50% 
trifluoroacetic  acid. 

8.  A  process  according  to  any  preceding  claim  charac- 
terised  in  that  the  temperature  of  said  vapourised  acid 
mixture  is  at  least  in  the  range  of  100  to  180°C. 

9.  A  process  according  to  any  precedihg  claim  charac- 
terised  in  that  the  time  during  which  said  immobilised  pep- 
tide  or  protein  is  exposed  to  said  vapourised  acid  mixture  is 
in  the  range  of  5  to  120  minutes. 
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