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MECHANISTIC STUDY OF MICROWAVE- 
ASSISTED ACID HYDROLYSIS OF 

PEPTIDES ON TLC PLATES 

DENNIS C. SHELLY. AND YANXIA D U  
Department of Chemistry and Chemical Engineering 

Stevens Institute of Technology 
Hoboken, New Jersey 07030 

ABSTRACT 

Microwave-induced acid hyd ro l ys i s  was performed w i t h  is01 ated 
pept ides on TLC layers.  This vapor phase method was compared t o  
s o l u t i o n  phase techniques. A mechanist ic study o f  pept ide  bond 
clevage was c a r r i e d  out by varying exposure cond i t ions  and reac t i on  
time. Acid hyd ro l ys i s  products were i d e n t i f i e d  by n inhyd r in  
v i s u a l i z a t i o n .  Also, TLC and TLC/MS were  used t o  e luc ida te  
hydro1 y s i s mec han i sms . 

INTRODUCTION 

Recently, microwave-induced acid hyd ro l ys i s  o f  p ro te ins  and 

pept ides has been reported i n  the  l i t e r a t u r e .  Rapid, 

solut ion-phase hyd ro l ys i s  o f  p ro te ins  and pept ides has been 

* Author t o  whom correspondence should be addressed. 
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2758 SHELLY AND DU 

desc r ibed  by Chen and coworkers (1). H y d r o l y s i s  t imes  as s h o r t  as 

t h r e e  minutes were shown t o  p r o v i d e  r e s u l t s  e q u i v a l e n t  t o  t h e  24  h r  

conven t iona l  method f o r  t he  amiino ac id  compos i t i on  o f  i n s u l i n  B 

chain.  A mixed a c i d  s o l v e n t  system o f  p r o p i o n i c  a c i d / l Z N  HC1 (1: l )  

proved comparable t o  cons tan t  b i o l i n g  6 N HC1. Only 4 minutes was 

necessary t o  comp le te l y  h y d r o l y z e  o x i d i z e d  r i b o n u c l e a s e  A ,  g i v i n g  

b e t t e r  r e c o v e r i e s  f o r  t h r e o n i n e  and s e r i n e  t h a n  t h e  conven t iona l  

method. Numerous ae rob ic  ( 2 - 5 )  and dnerob ic  (1,6) methods have 

been desc r ibed  i n  t h e  l i t e r a t u r e  o r  presented a t  s c i e n t i f i c  

meetings. A vapor phase microhrave h y d r o l y s i s  method was r e c e n t l y  

r e p o r t e d  by Gilman and Woodwai-d ( 7 ) .  I n  t h i s  s tudy,  v i a l s  

c o n t a i n i n g  vacuum d r i e d  me th iony l  human growth hormone were 

i r r a d i a t e d  i n s i d e  a T e f l o n  d igec j t i on  vessel  , which was connected t o  

a microwavable gas man i fo ld .  T i e  d i g e s t i o n  vessel  was charged w i t h  

10 mL o f  6N HC1 and t h e  d r i e d  p r o t e i n  was i n  vapor e q u i l i b r i u m  w i t h  

t h e  ac id .  The h e a t i n g  regime kids under cons tan t  d i g e s t i o n  vessel  

pressure c o n t r o l ;  though a maximum power o f  650 Watts was used 

throughout .  H y d r o l y s i s  t imes  between 8 and 12 minutes were found 

t o  be optimum. 

We have been deve lop ing  a column - p l a n a r  chromatographic  

technique f o r  amino ac id  compos i t i on  a n a l y s i s  o f  p r o t e i n s  and 

pep t ides .  The techn ique  u t i l i z e s  a m i n i a t u r e  co lunn l i q u i d  

chromatographic s e p a r a t i o n  o f  p r o t e i n / p e p t i d e  m i x t u r e s  where t h e  

column e f f l u e n t  i s  t r a n s f e r r e d  t o  a p l a n a r  s e p a r a t i o n  medium, such 

as a TLC p l a t e .  Subsequent t o  h y d r o l y s i s  o f  t h e  separated 

p r o t e i n s l p e p t i d e s  on t h e  p l a t e ,  t h e  amino a c i d s  are separated by 
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MICROWAVE-ASSISTED ACID HYDROLYSIS 2759 

TLC and v i s u a l i z e d  by conven t iona l  c h e m i s t r i e s .  Our i n i t i a l  work 

has been devoted t o  small  pep t ides  and b a s i c  measurements o f  

h y d r o l y s i s  c o n d i t i o n s .  We q u i c k l y  became aware o f  t h e  c a p a b i l i t y  

and importance o f  o b t a i n i n g  mechan is t i c  d a t a  on p e p t i d e  h y d r o l y s i s  

w i t h  t h e  unique m u l t i d i m e n s i o n a l  format  o f  t h e  chromatographic  

media. By exposing pep t ides  t o  1) i n c r e a s i n g  l e v e l s  o f  microwave 

energy, 2 )  r a d i a t i v e  thermal  h e a t i n g  f rom t h e  h o t  g l a s s  p l a t e  and 

3 )  c o r r o s i v e  atmospheres we were ab le  t o  " c o n t r o l "  t h e  e x t e n t  o f  

h y d r o l y s i s ,  t h u s  enebl i n g  mechan is t i c  i n f o r m a t i o n  t o  be gained. 

our  knowledge, microwave "p rocess ing "  o f  TLC p l a t e s  has n o t  been 

s tud ied ,  suggest ing t h a t  t h i s  may be a new a p p l i c a t i o n  f o r  

microwave sample p r e p a r a t i o n  and p rocess ing  ( 1 0 ) .  

To 

We present ,  here, d a t a  on t h e  p a r t i a l  and t o t a l  h y d r o l y s i s  o f  

model d i -  and t r i -  pept ides,  w i t h  emphasis on t h e  method as a t o o l  

f o r  s tudy ing  t h e  mechanisms o f  p e p t i d e  a c i d  h y d r o l y s i s .  Microwave 

t r e a t m e n t  i n  TLC may be a b e n e f i c i a l  method f o r  enhancing chemical 

r e a c t i v i t y  and f a c i l i t d t i n g  l a y e r  c o n d i t i o n i n g .  

HATERIALS AND METHODS 

I n  s t r umen t a t  i on 

The major  i n s t r u m e n t a t i o n  cons is ted  o f  a commerci a1 microwave 

oven (Model JE48, General E l e c t r i c ,  L o u i v i l  l e ,  K Y )  and s tandard 
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2760 SHELLY AND DU 

equipment f o r  t h i n  l a y e r  chromatography. T w i n  t rough chambers and a 

scanning dens i tometer ,  Scanner I ] : ,  (Camag S c i e n t i f i c ,  W r i g h t s v i l l e  

Beach, N C )  were used f o r  t h e  TLC s e p a r a t i o n s .  A Biospec chemical 

i o n i z a t i o n  mass spec t rometer  (CIMS) w i t h  spot  sampling probe (11) 

were used f o r  mass s p e c t r a l  ana lyses .  

Chemicals and Reagents 

High performance l i q u i d  chrl3matography-grade s o l v e n t s  (Burdick 

& Jackson,  Muskegon, MI, USA) were used throughout .  All 

chromatographic p l a t e s  were 5 X 20 cm non-F254 K6 TLC p l a t e s  

(Whatman, C l i f t o n ,  NJ). All amino a c i d s  wwe purchased from Sigma 

Chem. Corp. ( S t .  Louis ,  M O ) .  Model p e p t i d e s  were obta ined  from 

Sigma Chem. Corp., Nat ional  Biochemicals Corp. (Cleve land ,  O H )  and 

I n t e r n a t i o n a l  Chemical and Nuclear Corp. ( C i t y  of  I n d u s t r y ,  C A ) .  

All o t h e r  chemicals  and r e a g e n t s  were ACS o r  reagent  grade  and were 

used without  p u r i f i c a t i o n .  

Microwave Hydrolysis  Procedure 

Spotted TLC p l a t e s  were p a r t i a l l y  covered w i t h  p l a i n  g l a s s  

p l a t e s ,  allowing t h e  spot ted  reg ion  t o  be exposed t o  acid vapors. 

The p l a t e  sandwich was placed an ceramic b locks  ( 2  cm high)  w i t h  

t h e  exposed s i l i c a  s u r f a c e  o r i e n t e d  downward, A ceramic r e a c t i o n  

chamber ( 1 2  cm diameter  X 5 cm deep p l u s  a l o o s e l y - f i t t i n g  cover )  

was used with 5 mL o f  6N hydrochlor ic  (HC1) acid f o r  each exposure 
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MICROWAVE-ASSISTED ACID HYDROLYSIS 276 1 

p e r i o d .  A s i n g l e  h y d r o l y s i s  exper iment  ( h e a t i n g  program) c o n s i s t e d  

o f  t h ree ,  5 m inu te  exposure pe r iods ,  each one separated by a 1 

minu te  c o o l i n g  p e r i o d .  A f t e r  each c o o l i n g  p e r i o d  5 mL o f  6 N  HC1 

was added t o  t h e  chamber. The t o t a l  exposure t i m e  f o r  each 

exper iment  was, t h e r e f o r e ,  15 min. The microwave was r a t e d  a t  500 

w a t t s  e x c i t a t i o n  power, which we d i d  n o t  v e r i f y  by  separate 

measurement. Ac id  vapors were renoved f rom t h e  oven compartment 

wi th  a vacuum l i n e ,  i n s e r t e d  th rough  t h e  oven w a l l ,  t h a t  was 

connected t o  a 12N sodium hyd rox ide  s o l u t i o n  i n  a gas washer. 

T h i n  Layer Chromatography 

A l l  TLC p l a t e s  were washed i n  inethanol and baked a t  100 C f o r  

30 min p r i o r  t o  use. A f t e r  c o o l i n g  t o  room tempera tu re  ( f o l l o w i n g  

microwave t r e a t m e n t )  t h e  p l a t e s  were developed i n  a 

phenol /water/aqueous 0.4% t r i f l  u o r o a c i t  i c  a c i d  (72.5/25/2.5) m o b i l e  

phase. V i s u a l i z a t i o n  was accomplished by r e a c t i o n  w i t h  N inhyd r in ,  

performed accord ing t o  t h e  m a n u f a c t u r e r ' s  d i r e c t i o n s  ( 1 2 ) .  

Scanning d e n s i t m e t r y  pas performed i n  t h e  absorbance mode a t  480 

nm. 

TLC/MS Measurements 

E n t i r e  spots ,  f rom unknown pep t ides ,  were t r a n s f e r e d  t o  t h e  

sampling probe o f  a chemical i o n i z a t i o n  nass spect rometer  (11). 

Ammonia reagent  gas and a source temperature o f  210 C were used 

w i t h  p o s i t i v e  i o n  scanning. 
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RESULTS ANUl DISCUSSION 

SHELLY AND DU 

Study o f  Reac t ion  C o n d i t i o n s  

Several p r e l i m i n a r y  exper iments were devoted t o  t h e  s tudy o f  

r e a c t i o n  c o n d i t i o n s .  There were seve ra l  p o i n t s  t h a t  we considered 

as be ing  impor tan t  t o  microwave-induced a c i d  h y d r o l y s i s  on TLC 

p l a t e s .  F i r s t ,  we surmized t h a t  t h e  g l a s s  c o u l d  g e t  q u i t e  hot ,  

e s p e c i a l l y  w i t h o u t  a h e a t  s i n k ,  r e s u l t i n g  i n  r a d i a n t  h e a t i n g  o f  t h e  

l a y e r  f rom t h e  ho t  g l a s s  subs t ra te .  Second, we were s e n s i t i v e  t o  

t h e  f a c t  t h a t  microwave a b s o r p t i o n  by t h e  l a y e r  cou ld  be 

s i g n i f i c a n t ,  h o p e f u l l y  so, i n  lpromoting enhanced r e a c t i v i t y .  

T h i r d ,  s ince  t h e  r e a c t i o n  was p r i m a r i l y  vapor phase, we 

hypothes ized t h a t  t o t a l  r e a c t i o n  t i m e  would be v e r y  i m p o r t a n t  

because we had no p r o v i s i o n  f o r  c o n t r o l l i n g  r e a c t o r  pressure.  

Reac t ion  c o n d i t i o n s  were c o n t r o l  l e d  by  i n c o r p o r a t i n g  h e a t i n g  and 

c o o l i n g  p e r i o d s  i n  a m u l t i c y c l e  t reat ing program th rough  v a r y i n g  t h e  

t o t a l  microwave exposure and t o t a l  r e a c t i o n  t i m e .  

I n  separate exper iments (mot shown) we measured t h e  

temperature o f  TLC p l a t e s ,  w i t b  and w i t h o u t  a l a y e r  u s i n g  a 

cement-on thermocouple. Wi th  l o n g  exposure t i m e s  (>7 min)  we were 

ab le  t o  achieve temperatures g r e a t e r  t h a n  300 C! To p reven t  

t h e r m o l y s i s  we l i m i t e d  ind iv idual1 exposure t i m e s  t o  6 min. The 

presence o f  a l a y e r  d i d  n o t  a f f e c t  temperature.  

t h a t  microwave e x c i t a t i o n  was pulsed,  w i t h  changes i n  tempera tu re  

s e t t i n g  p roduc ing  o n l y  changes ,in d u t y  c y c l e .  Accord ing t o  t h e  

We a l s o  d i scove red  
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MICROWAVE-ASSISTED ACID HYDROLYSIS 2763 

manufacturer  (13) t h e  t i m e  base f o r  our  microwave i s  22 seconds and 

a 2 second s t a r t  t i m e  i s  r e q u i r e d  f o r  eve ry  h e a t i n g  program. A 

"h igh "  s e t t i n g  (100% d u t y  c y c l e )  corresponded t o  ( 2 2 - 2 ) / 2 2  o r  90.9% 

e f f e c t i v e  "on" t i m e  f o r  a g i v e n  program. There fo re ,  a programmed 

r u n  t i m e  o f  5 min r e s u l t e d  i n  4.54 min as t h e  t o t a l  "on" t ime .  The 

i n t e g r a t e d  power f o r  t h i s  s e t t i n g  i s  c a l c u l a t e d  as 500 Watts X 4.54 

min = 2270 Watt min. It was apparent t h a t  temperdture and t i m e  

were b o t h  impor tan t  i n  f a c i l i t a t i n g  t h e  r e a c t i o n .  Due t o  t h e  h i g h  

temperatures and a c i d i c  vapors we noted e x t e n s i v e  chemical 

m o d i f i c a t i o n  o f  t h e  l a y e r .  We noted about a 5 % decrease i n  R f ,  

i n d i c a t i n g  a more p o l a r  l a y e r ,  compared t o  u n t r e a t e d  l a y e r s .  To 

min i m i  ze t h i s  m o d i f i c a t i o n  we covered t h e  chromatographic  1 ayer 

a rea  wi th  a g l a s s  p l a t e  and a l lowed o n l y  t h e  r e g i o n  c o n t a i n i n g  

p e p t i d e s  t o  be exposed t o  a c i d  vapors. 

Three h e a t i n g  programs were developed t o  i n v e s t i g a t e  t h e  

impor tance o f  t o t a l  microwave exposure. They were c o n s t r u c t e d  as 

f o l l o w s :  Program A had t h r e e ,  3 min h e a t i n g  p e r i o d s  w i t h  two, 1 min 

i n t e r v e n i n g  c o o l i n g  cyc les ;  Program B had t h r e e ,  4 min h e a t i n g  

p e r i o d s  w i t h  two, 1 min i n t e r m e d i a t e  c o o l i n g  cyc les ;  and Program C 

had t h r e e ,  5 min h e a t i n g  c y c l e s  w i t h  two, 1 min c o o l i n g  pe r iods .  

From t h e  above c a l c u l a t i o n ,  we determined t h e  t o t a l  , i n t e g r a t e d  

microwave power f o r  each o f  t h e  p e r i o d s  t o  be 4091, 5454 and 6518 

Watt min, r e s p e c t i v e l y .  A f t e r  h y d r o l y s i s ,  TLC and N i n h y d r i n  

v i s u a l i z a t i o n  densitomograms were recorded.  The a rea  % o f  each 

unhydro lyzed p e p t i d e  was c a l c u l a t e d .  F i g u r e  1 shows r e l a t i v e  

c o n t r i b u t i o n s  o f  unhydro lyzed pep t ides  f o r  t h e s e  t h r e e  h e a t i n g  
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2764 SHELLY AND DU 

Figure 1. Effects of Microwave Heating Conditions on Peptide 
Hydrolysis 

programs. Notice t h a t  VGG and 1 G G  are both absent a f t e r  just 4091 

Watt m i n ,  while more than 5454 Watt m i n  was required fo r  a l l  o ther  

peptides. The t o t a l  “on” time f o r  program A was 13.6 m i n ,  a b i t  

long compared t o  t h e  optimum reported fo r  a s imi la r  vapor phase 

method ( 7 ) .  We d i d  not determine t h e  r e l a t i v e  contribution from 

dipept ides  fo r  the  5 t r i p e p t i d e s ,  during th i s  s t u d y .  
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MICROWAVE-ASSISTED ACID HYDROLYSIS 2765 

Sign i f i cance o f  the  r e l a t i v e  amounts o f  "heat ing" and 

"coo l ing"  t ime was determined by inc reas ing  the  percentage o f  

coo l i ng  t ime through mod i f i ca t i ons  t o  program C (above) as fo l lows:  

Program C1:  15 min heat ing/4 min coo l ing  and Program C2: 15 min 

heating16 min cool ing.  The heat ing t o  coo l ing  t ime r a t i o  var ied  

from 7.5 t o  3.75 t o  2.5, respec t i ve l y .  As shown i n  Figure 1, 

increas ing  the  percentage o f  heat ing t ime had no e f f e c t  among t h e  

t r i p e p t i d e s .  The dipept ides,  espec ia l l y  GG, were a f fec ted .  This 

may i n d i c a t e  t h a t  t he  t r i p e p t i d e s  each l o s t  one amino acid residue, 

very eas i l y .  Doubling the  r a t i o  o f  heat ing t o  coo l ing  t ime 

produced the  most dramatic reduc t ion  i n  unhydrolyzed pept ide 

con t r i bu t i on .  These r e s u l t s  can be explained by the  p o s s i b i l i t y  

t h a t  a higher average temperature was a t ta ined i n  Program C, 

compared t o  Programs C 1  and C2. Exceeding a " th resho ld"  

temperature appears t o  be cons is ten t  w i t h  acid hyd ro l ys i s  o f  

proteinaceous mater ia ls .  A more extensive study o f  microwave 

heat ing  o f  TLC p la tes  i s  documented i n  a separate paper (14). 

T r ipept  ide  Hydro1 y s i  s 

Model t r i p e p t i d e s  were hydrolyzed i n  separate experiments i n  

o rder  t o  study t h e i r  pept ide bond clevage mechanisms. " P a r t i a l "  

hyd ro l ys i s  was achieved w i t h  heat ing Program A. "Complete" 

hyd ro l ys i s  was performed w i t h  heat ing Program C. F igure 2 shows a 

composit ional map o f  the  p a r t i a l  hyd ro l ys i s  o f  the  model peptides. 

Spot i d e n t i t y  was based on e i t h e r  R f  matching w i th  authent ic 

compounds or, i n  the case o f  VG, TG and GL, mass spec t ra l  
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Figure 2. Microwave Hydrolysis Profiles o f  Model Tripeptides 
Under Partial Hydrolysis Conditions 

confirmation. Only positions are indicated for the various 

components due to time constraints and problems with the 

densitometer. From the results o f  Figure 2 ,  we conclude the 

fol 1 owi ng mec han i sins : 

VGG --> G + VG VG m/e = 128 

TGG --> G + TG TG mfe = 177 

GLT - -> GL + LT GI- m/e = 143 

GLA --> GL + LA 

ALG --> AL + LG 

The dipeptides were identified on the basis o f  their [M-NH2-COH]+ 

or [H -45 ]+ ,  produced by reaction with Ninhydrin (15) .  Measurement 

of spot intensity as a function of time would give kinetic data, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MICROWAVE-ASSISTED ACID HYDROLYSIS 2767 

which w i l l  be t h e  s u b j e c t  o f  f u t u r e  s t u d i e s  w i th  l a r g e r  pept ides.  

These mechanisms are unremarkable, i n d i c a t i n g  t h a t  

microwave-induced h y d r o l y s i s  o f  pept  i d e s  on TLC p l a t e s  i s  

e q u i v a l e n t  t o  o t h e r  microwave-based h y d r o l y s i s  methods. The 

presence o f  deg reda t ion  p roduc ts  was n o t  seen, however, we d i d  n o t  

s p e c i f i c a l l y  e v a l u a t e  t h i s  i ssue  wi th pep t ides  c o n t a i n i n g  

" sen s i t i ve 'I ami no ac i d  s . 
We regard  t h e  a b i l i t y  t o  separate and d e t e c t  hyd ro l yzed  amino 

a c i d s  i n  t h e  same medium i n  which t h e y  were formed a p o t e n t i a l  

b e n e f i t .  However, t h e  genera l  d i f f i c u l t i e s  o f  q u a n t i t a t i o n  f rom 

TLC p l a t e s  p laces  t h i s  techn ique  a t  a d isadvantage r e l a t i v e  t o  

p re -co l  umn hydro 1 y s i  s /de r  i v a t  i za t  i o n  met hods. 

t o  p e r f o r m  ac id  h y d r o l y s i s  on severa l  samples s imu l taneous ly  i s  a 

c l e a r  advantage. These may be d i s c r e t e  samples, s p o t t e d  o n t o  t h e  

p l a t e ,  o r  i n d i v i d u a l  components from a complex p r o t e i n  m i x t u r e ,  

separated on an i n t e r f a c e d  m i n i a t u r e  LC column. I n  a d d i t i o n ,  t h e  

a b i l i t y  t o  speed t h e  h y d r o l y s i s  w i t h  microwave i r r a d i a t i o n / h e a t i n g  

i s  a l s o  an a t t r i b u t e .  F i n a l l y ,  microwave "p rocess ing "  o f  TLC 

p l a t e s  i s  g e n e r a l l y  an a t t r a c t i v e  o p t i o n  f o r  t h i n  l a y e r  

chromatographic  analyses. 

However, t h e  ab i 1 i t  y 
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