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IMMOBILIZATION OF AMYLASES ON 
SILICA SUPPORT T O  STUDY 

BREAKDOWN PRODUCTS OF POTATO 
STARCH BY HPLC 

AMRIK L. K H U R A N A ~  AND CHI-TANG H O ~  
'il~llatma?i, I I i C .  

9 Bridewell Place 
Clifton, New Jersey 07014 

'Departmerit of Food Scierice 
Cook College 

New Jersey Agrictrlttrral Experiment Station 
Rutgers, The State University o f  New Jersey 

New Brtrnswick, New Jersey 08903 

ABSTRACT 

Immobilization of a- and @-amylases on epoxypropylsilanized 
Partisphere-5 was achieved. Hydrolysis o f  2% potato starch 
solution yielded limit dextrin on a-amylase bound column while a 
mixture o f  limit dextrin, maltose and glucose was obtained from 
8-amyl ase bound column. The 0-amyl ase bound col umn converted 
limit dextrin from a-amylase column into glucose. 

I NTROWCT ION 
Applications o f  amylases to food processing and starch 

conversion have been reviewed by Reed (7). Use of immobilized 
amylases is feasible as the conversion of starch to lower 
molecular weight saccharides is carried out in fluid systems. 
Grubhover and Schieth (5) covalently attached a-amylase to 
diazotized polyaminostyrene. Later on Epton et a1 (4) 
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immobilized the same with crosslinked polyacrylamide derivatives 
but the immobilized enzyme was found to be less heat stable than 
the native enzyme. In the present investigation, the 
immobilization of a -  and B-amylases has been achieved on 
epoxypropyl si 1 ani zed Partisphere-5. 

EXPERIMENTAL 
Materi a1 s 

a-Amylase from Bacillus species, 8-amylase from barley and 
potato starch were bought from Sigma Chemical Co. (St. Louis, 
MO). Maltose, glucose, limit dextrin, methanol, sodium chloride, 
dinitrosalicylic acid, potassium sodium tartrate, sodium 
hydroxide, sodium acetate, glycerine and potassium monobasic and 
dibasic phosphate were purchased from Aldrich Chemical Co., Inc. 
(Milwaukee, WI). The soluble starch for assay was bought from E. 
Merck Chemicals (Cherryhill, NJ). 
Packinq Material 

phases were obtained from Whatman Inc. (Clifton, NJ) 
Samol e Preoarat i on 

Solution of potato starch was prepared by dissolving 2 g o f  
the same in 100 ml of water. The reagent solutions for enzyme 
assays were prepared as follows: 1% soluble starch in 0.016M 
sodium acetate (pH 4.8), 1 g of 3,5-dinitrosalicylic acid in 20 
ml of 2N sodium hydroxide and 50 ml of water and 30 g o f  
potassium tartarate in 100 ml water. 
Preparation of Packins Material 

a -  And 8-amylases were immobilized by reacting 10 g o f  each 
with 10 g of epoxypropylsilanized Partisphere-5 in phosphate 
buffer (0.05 M solution of KH2P04 and K2HP04 in equal amount with 
the addition o f  0.01 N KOH to bring the pH to 7) at 35OC. The 
columns were packed by slurrying enzyme immobilized bonded phases 
in methanol and applying a pressure o f  6,000 psi. The unreacted 
epoxy groups were deactivated by treating the columns with 2% 
aqueous solution of glycerol. 

Epoxypropyl silanized Partisphere-5 and Partisphere-5 PAC 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



POTATO STARCH BREAKDOWN PRODUCTS 1671 

Assav of Amvlase Activity 
The amylase bonded phases were assayed with soluble starch as 

substrate according to the method described by Bernfeld (3). 
HPLC Anal vsi s 

HPLC was performed using a variable wavelength UV detector, 
Spectroflow monitor SF-770 (Kratos Analytical, Ramsey, NJ); a 
programmable solvent delivery system, Series 38 (Perkin-Elmer 
Corp., Norwalk, Conn.); a manual injection valve, with 50 p1 loop 
(Valco Instruments Co., Houston, TX) and a chart recorder 
(Laboratory Data Control, Riviera Beach, FL) . 

a-amylase and @-amylase bound epoxypropylsilanized Partisphere-5 
phases. A mixture of acetonitrile and water (50:50, v/v) 
containing 1% ammonium hydroxide was used as a mobile phase on 
Partisphere-5 PAC column. 

0.05M phosphate buffer (pH 7) was used as a mobile phase on 

RESULTS AND DISCUSSION 

a - And /3 -amyl ases have been immobi 1 i zed on epoxypropyl- 
silanized Partisphere-5 phase. The performance of these phases 
was demonstrated by hydrolysis of 2% soluble potato starch 
solution. Figure 1 shows the hydrolysis of potato starch 
solution on a-amylase bound column. The hydrolyzed solution was 
collected from this column and identified as limit dextrin on 
Partisphere-5 PAC column (Figure 2). This hydrolyzed solution 
was further converted into glucose when injected on the@- 
amylase bound column (Figure 3). 

Figure 4 exhibits the hydrolysis of the potato starch 
solution on &amylase bound column. Components such as limit 
dextrin, maltose and glucose were identified as the hydrolyzed 
products which were further confirmed and quantified on 
Partisphere-5 PAC column (Figure 5A and 58). 

An assay run on the a -  and 8-amylase bound phases exhibited 
75,000 and 8,350 units/g of activities respectively. These 
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F i g  1 

I 1  

1.1 2.6 

MlNUTES 

I Hydrolysis o f  2% so lub le  po ta to  s ta rch  s o l u t i o n  on 
a-amyl ase bound epoxypropyl s i l  anized Par t i sphere-5  
column (20 cm x 4.6 mm, I.D.). Mobile.phase: 0.05M 
phosphate b u f f e r  (pH 7 ) ;  f l ow  r a t e :  0.9 ml/min; sample 
size: 15 v l ;  de tec tor :  r e f r a c t i v e  index. 

phases as such were found t o  be l e s s  a c t i v e  as compared t o  HPLC 
packed columns. This was concluded by comparing the  amounts o f  
var ious hydrolyzed products such as 1 i m i t  dex t r i n ,  glucose and 
maltose produced dur ing  the  same t ime. 

No d i f f e rence  i n  r e a c t i v i t y  o f  t h e  packed columns was found 
when run  a t  var ious temperatures such as 25O,  40° and 5OoC. The 
d i f f e r e n t  f l ow  ra tes  o f  the  mobile phase such as from 0.2 t o  2 
ml/min had no e f f e c t  on the  r a t e  o f  hydro lys is .  No l oss  i n  
a c t i v i t y  of enzyme immobil ized columns was observed dur ing  30 

days o f  continuous operat ion.  The immobil ized enzymes showed 
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I 

4.3 

MINUTES 

Fig. 2. I d e n t i f i c a t i o n  o f  l i m i t  d e x t r i n  as c o l l e c t e d  from a- 
amyl ase bound epoxypropyl s i  1 ani zed P a r t i  Sphere- 5 c o l  umn 
(Figure 1) on Part iSphere-5 PAC column (20 cm x 4.6 mm, 
I .D.) .  Flow ra te :  0.5 ml/min; sample: 50 m l  o f  po ta to  
s ta rch  s o l u t i o n  as c o l l e c t e d  from a-amylase bound column 
(Figure 1) a f t e r  i n j e c t i n g  200 ~1 o f  s ta rch  s o l u t i o n  
each time; sample volumn i n j e c t e d  on Part iSphere-5 PAC 
column: 15 p l ;  ; detec tor :  r e f r a c t i v e  index; mobi le 
phase: a c e t o n i t r i l e  and water (50:50, v/v) con ta in ing  1% 
ammonium hydroxide.. 

good storage s t a b i l i t y .  No s i g n i f i c a n t  loss  i n  a c t i v i t y  was 
no t iced  dur ing  f i v e  months o f  storage o f  e i t h e r  packed columns o r  
the  enzyme bound phase as such. Ea r l i e r ,  Barker and Epton (2) 
observed t h a t  covalent b ind ing  o f  a-amylase t o  cross1 inked 
polyacrylamide d e r i v a t i v e  a f fec ted  heat and storage s t a b i l i t i e s  
o f  t he  enzyme. The 6-amylase was found t o  be l ess  heat s tab le  
when immobil ized on Enzacryl de r i va t i ves  (1). 

S p e c i f i c i t y  o f  immobilized amylases changes upon attachment 
t o  i nso lub le  support.  Ledingham and Hornby (6) observed marked 
increase i n  m u l t i p l i c i t y  o f  a t tack  on s ta rch  as compared t o  
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Fig. 3 

I I  

12.7 14.3 

MINUTES 

Conversion of 50 ml limit dextrin solution as collected 
from a-amylase bound epoxypropyl silanized Partisphere-5 
column (20 cm x 4.6 mm, I.D.) into glucose on B-amylase 
bound epoxypropylsilanized Partisphere-5 column (20 cm x 
4.6 mm, I.D.). Mobile phase: 0.05M phosphate buffer (pH 
7); flow rate: 0.2 ml/min; sample size: 15 pl; detector: 
refractive index. 
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I 1 1  

0.5 11.5 12.7 

MINUTES 

Fig. 4. Hydrolysis of 2% soluble potato starch solution on 8-  
amylase bound epoxypropylsilanized Partisphere-5 column 
(20 cm x 4.6 mm, I.D.). 1. limit dextrin, 2. maltose, 
3. glucose. Mobile phase: 0.05M phosphate buffer (pH 
7); flow rate: 0.2 ml/min; sample size: 15 p l ;  detector: 
refractive index. 

native enzyme when a-amylase was immobilized on polystyrene. 
However, the current approach of immobilizing amylases on silica 
support offers an opportunity to produce glucose from a starch 
solution. 
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1 

KHURANA AND HO 

1 

A 

B 

Fig. 5A and 5 6. 
Analysis of 50 ml of potato starch solution as collected 
from a-amylase bound column (Figure 4) after injecting 
200 rl o f  starch solution each time on PartiSphere-5 PAC 
column (20 cm x 4.6 mm, I.D.). Mobile phase: 
acetonitrile and water mixture (50:50, v/v) containing 
1% ammonium hydroxide; flow rate: 0.7 ml/min; sample 
size: 15 pl; detector: refractive index. 
Fig. 5A: 1. limit dextrin, 2. maltose, 3. glucose. 
Fig. 58: 1. limit dextrin (94%), 2. maltose (3.4%), 

3. glucose (2.6%), 4. maltpentose as internal 
standard. 
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