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SUMMARY 

Isoamylase (EC 3.2.1.9) was purified about 72o-fold in 23% yield to a final 
specific activity of 59 IOO per mg protein from the culture fluid of Pseudornonas sp. 
strain SB-I5. Ammonium sulfate fractionation followed by dialysis and DEAE- and 
CM-cellulose column chromatographies were used in purification. On ultracentrifu- 
gation the enzyme formed a single, sharp, symmetrical schlieren peak. I ts  S2o,u, was 
5-7 S. Polyacrylamide gel electrophoresis at pH 8.3 gave a single band of protein. 
The molecular weight was determined as 95 ooo by Archibald's method. The iso- 
electric point was 4.4. 

The action of the enzyme on amylopectin and glycogen resulted in increases in 
the iodine coloration of 62 and 52%, respectively. The enzyme hydrolyzed all a-I,6- 
gluccsidic inter-chain linkages in glycogen, amylopectin and their phosphorylase 
limit dextrins. The branching points of fl-amylase limit dextrins were not hydrolyzed 
completely. 6-~t-Maltotriosylmaltodextrins seemed to be hydrolyzed nmch faster 
than 6-a-maltosylmaltodextrins. The optimal pH of this enzyme was 3 4. Some other 
properties of the enzyme are also described. 

INTRODUCTION 

Enzymes (EC3.2.1.9) hydrolyzing a-l,6-glucosidic interchain linkages are 
known to be present in yeast (isoamylase) 1,2 and higher plants 3 (R-enzyme). Pullu- 
lanasO, produced by Aerobacter aerogenes, appears to be the first bacterial debranch- 
ing enzyme found to hydrolyze the inter-chain linkages in both amylopectin and 
glycogen 5. Similar enzymes were later fcund in certain strains of Escherichia inter- 

media 6 and Streptococcus mitis 7. 
We ffmnd that  a newly isolated sc~il bacterium, Pseudornonas sp. strain SB-I5, 

produces an extracellular debranching enzyme, named Pseudomonas isoamylase, s 
This enzyme, unlike pullulanase, cannot hydrolyze the a-i,6-glucosidic linkages in 
pullulan. Moreover, it appears to differ from other known de-branching enzymes in 
several respects. 

The present paper describes a procedure for pulification of this isoamylase 
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from the culture fluid of Pseudomonas sp. strain SB-I 5, and some of the physical and 
chemical characteristics of the enzyme. A preliminary report of part  of this work has 
been published 9. 

MATERIALS AND METHODS 

Assay of isoamylase activity 
Isoamylase activity was determined by  the method of KOBAYASHI 1° with a 

slight modification. Reaction mixture, containing 0.5 ml of 1.o% soluble glutinous 
rice starch, o.I ml of 0. 5 M acetate buffer (pH 3.5) and o.I ml of enzyme solution, 
was incubated at 4 °0 for I h, unless otherwise stated. A o.5-ml aliquot of the reaction 
mixture was mixed with 0.5 ml of o.oi M iodine-potassium iodide solution and diluted 
to 12.5 ml with water. 

The solution was allowed to stand for 15 min at room temperature and the 
absorbance was then measured at 61o nm using a cuvette of I-cm light-path with a 
substrate-iodine blank containing heat-inactivated enzyme. A unit of enzyme acti- 
vi ty is expressed as the amount of enzyme causing an increase in A6~ o nm of o.I in I h. 

Determination of protein concentration 
Protein concentration was estimated by the method of LOWRY et al. 1~ using 

bovine serum albumin as a standard. The amounts of protein in effluents from co- 
lumns were determined from their absorbance at 280 nm, using a Hitachi 124 UV- 
VIS spectrophotometer.  

Paper chromatography 
Maltodextrins were separated on Toyo filter paper No. 50 with a solvent system 

of n-butanol-pyridine-water  (9 : 5 : 7, by  vol.) by the multiple ascending method. 
Sugars were detected with silver nitrate reagent 12. The sugars separated by paper 
chromatography were eluted with water. Maltose and maltotriose in the eluates were 
determined with phenol-sulfuric acid reagent 1~. 

Substrates 
Waxy maize amylopectin, obtained from Nihon Schokuhin Co., was defatted 

with methanol. Potato amylopectin and potato amylose, respectively, were kindly 
provided by  Dr. K. Doi and Dr. T. Fukui of Osaka University. Oyster glycogen and 
rabbit  liver glycogen were purchased from Wako Pure Chemical Ind. and Calbiochem 
Co., respectively. Maltose, maltotriose and pullulan were supplied by  courtesy of 
Hayashibara  Co. 

Preparation of E-limit dextrin and phosphorylase limit dextrin 
E-Limit dextrins were prepared by  prolonged incubation of waxy-maize amy- 

lopectin and oyster glycogen with sweet-potato E-amylase, removal of maltose by  
dialysis, and isolation by freeze-drying. 

Glycogen and amylopectin phosphorylase limit dextrins were prepared by  the 
action of rabbit  muscle phosphorylase A on rabbit  liver glycogen and potato phospho- 
rylase on waxy-maize amylopectin by the method of WALKER AND WHELAN TM. 

Phosphorylase-fl-amylase limit dextrins were prepared from the above phos- 
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phorylase limit dextrins by t rea tment  with fl-amylase. Low molecular weight products  
were removed from the limit dextrins by  exhaustive dialysis. Oyster glycogen pullu- 
lanase limit-dextrin was obtained using pullulanase as follows. Reaction mixture 
containing 2o ooo units of pullulanase, 4oo mg of oyster  glycogen and o.oI M acetate 
buffer (8o ml, pH 5.5) was incubated for 48 h at 4 o°. The digest was heated, and 
denatured protein was removed by centrifugation. Then the solution was dialyzed 
for 72 h against distilled water at 5 '>. The non-diffusible lnaterial was concentrated 
to about  IO nil, precipitated by the addition of an equal volume of  ethanol and dried 
m vacuo. The yield was about  3oo lng. 

En~,~zes 
Crystalline/3-amylase and a-amylase were obtained from Sigma Chemical ('o., 

and phosphorylase A froln Worth ington Biochemical Co. Crystalline pota to  ph.s-  
phorylase was kindly supplied by Dr. A. Kamogawa of  Osaka University. Crystalline 
pullulanase was prepared from the culture filtrate of A. aerogenes ATCC 962I as 
described by WALLENFEt.S and coworkersia, 16. 

Pr@aration of crude isoamylasc 
Pseudomonas sp. strain SB-I  5 was grown aerobically at 3 o~' fl~r 96 h in the 

o/ medium of HARADA el al. s containing maltose (2/o) and glutamate  (o.4%) fl:)r pro- 
duction of isoamylase. The cells were removed by  centrifugation at Io  ooo >~ g, and 
the clear supernatant  was used as the start ing material for purification. 

Electrophoretic anah, sis 
Polyacrylamide gel electrophoresis was carried out as described hy 

DAVIS 17. Electrophoresis on cellulose polyacetate  was carried out at 4 °. Isoamylase 
located on the cellulose polyacetate  strip was incubated on the surface of a thin layer 
of 2% agar containing o.oi M sodium acetate and o.5% glutinous rice starch (pH 
,3.5) at 35 ° for 30 rain. The strip was then dipped in a solution of o.ooi M iodine 
o.oI  M potassimn iodide. The position of isoamylase manifested as a purple zone ,,n 
a red background.  

Sedimentation experiments 
Sedimentation studies were carried out in a Hitachi Model UCA-I analytical 

ultracentrifuge equipped with both schlieren and interference optics. The temper- 
ature was maintained at 25 °. The homogenei ty  of purified preparations was ascertain- 
ed by  schlieren photographs during high speed centrifugation. The $20, was deter- 
mined from the sedimentation data. 

RESULTS AND DISCUSSION 

Purification of enzyme 
During purification all operations were carried out at 4 ° . Cultures of strain 

SB-I 5 were centrifuged and the supernatant  (44 1) was brought  to 70% saturat ion of 
ammonium sulfate. The precipitate was collected by  eentrifugation and dissolved in 
300 ml of o.I M acetate buffer (pH 6.0). The solution was dialyzed against tap-water  
for 16 h at 4 °, centrifuged to remove the precipitate formed and made up to 400 ml. 
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Solid ammonium sulfate was added to the enzyme solution to give 15% satu- 
ration. The resulting precipitate was removed by centrifugation. Further solid am- 
monium sulfate was added to the supernatant to give 45% saturation. The precipi- 
tate formed was collected by centrifugation and dissolved in 4 ° ml of o.oi M acetate 
buffer (pH 6.0). The enzyme solution was dialyzed against tap-water for 16 h and 
then against 5 1 of o.oi M acetate buffer (pH 6.0). The dialyzed material was passed 
through a column (2.5 cm X 30 cm) of DEAE-cellulose equilibrated with o.oi M 
acetate buffer (pH 6.0). The column was eluted with a further 15o ml of o.oi M 
acetate buffer (pH 6.0) and the eluate containing isoamylase was made up to 200 ml 
with distilled water. Pigmented matter and some protein were removed by this pro- 
cedure. 

The colorless active fraction was dialyzed against saturated ammonium sulfate 
solution overnight at 4 °. The precipitate formed was collected by centrifugation and 
dissolved in 20 ml of o.oi M acetate buffer (pH 3.5) and dialyzed against the same 
buffer for 16 h at 4 °. The dialyzed enzyme solution was applied to a column (2.0 cm x 
25 cm) of CM-cellulose equilibrated with o.oi M acetate buffel (pH 3.5), and the 
column was washed with 15o ml of the same buffer. The enzyme was eluted with a 
linear gradient obtained by placing 500 ml of o.oi M acetate buffer (pH 3.5) in the 
mixing chamber and 500 ml of the same buffer containing 0. 3 M NaC1 in the reservoir. 
The flow rate was about 1. 5 ml per rain. Fractions were collected in a fraction col- 
lector. The elution pattern is shown in Fig. IA. 

Fractions 14-26 were combined and rechromatographed under the same con- 
ditions as in the first chromatography. The isoamylase emerged at approximately 
the same NaC1 concentration as in the first chromatography (Fig. IB). The active 
fractions in Tubes 14-28 were pooled, dialyzed and concentrated against o.oi M 
acetate buffer (pH 3.5) at 4 ° by vacuum ultrafiltration through a collodion membrane. 

The purification procedure is summarized in Table I. The overall yield was 
23%, and the specific activity of tile purified enzyme was 59 ioo units/rag. 
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Fig. I. Elut ion pattern of isoamylase from CM-cellulose columns. A, First CM-cellulose column. 
B, Second CM-cellulose co lumn.  , absorp t ion  a t  28o n m ;  , i soamylase  ac t iv i ty ;  

, concen t ra t ion  of  NaC1. Shaded  areas  indicate  f rac t ions  pooled for s u b s e q u e n t  steps.  

Fig. 2. Po lyac ry l amide  disc e lectrophoresis  of  purified i soamylase  a t  p H  8. 3. Approx.  o.i  m g  of  
p ro te in  was appl ied to each gel. Elec t rophores is  was carr ied ou t  for 2. 5 h a t  2.o m A  per  gel, 
a t  4 °. A, S ta ined  wi th  amido  black dye. B, Assayed  for i soamylase  ac t iv i ty .  
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T A B L E  1 

P U R I F I C A T I O N  OF E N Z Y M E  

Step of purification 

K. YOKOBAYASHI 6~t a] .  

1 "ol.  Protein Activity 
(ml) (rag) 

Units Yield Specific activity 
( / s°3) (3o) (units/rag) 

I. C r u d e  f i l t r a t e  44 ooo 37 600 3080 (1oo) 82 
2. (NH4)2SOa, 0 - 7 0  % 4 ° 0  9 320 2328 76 250 
3. (NH4)~SO4, 1 5 - 4 5 %  4 ° 860 [988 65 2 31o 
4. D E A E - c e l l u l o s e  e f f luen t  200 193 IG92 55 8 790 
5. I s t  CM-ce l lu lose ,  F r a c t i o n s  14 -26  20 27"4 1°38 34 37 8o0 
6. 2nd  CM-ce l lu lose ,  F r a c t i o n s  14 28 L5 o ] 1"7 603 23 59 ioo  

Purity of the enzyme preparation 
The enzyme preparation gave a single band associated with isoamylase activity 

on eleetrophoresis on aerylamide gel at pH 8.3 (Fig. 2). Ultracentrifugation of an 
identical preparation gave a single symmetrical  schlieren peak (Fig. 3). The prepa- 
ration was free of maltase, isomaltase, pullulanase, dextranase, a-amylase and D- 
enzyme, a-Amylase activity was determined by measuring the change in the iodine 
coloration intensity of the amylose used as substratO s, and D-enzyme activity by" 
measuring the amount of glucose formed from maltotriosO 9. Enzyme activity was 
not lost during storage of the solution for several months at 4 ° . 

Absorption spectrum 
The absorption spectrum of isoamylase was measured with a Hitachi 124 UV- 

VIS spectrophotometer. In o.oi M acetate buffer (pH 4-5). the enzyme showed a 
typical spectrum of protein with an absorption maximum at 280 nm. The extinction 
coefficient E2s o nm w a s  2 2 . 6 .  

Isoelectric point 
On electrophoresis on cellulose polyacetate strips the preparation gave a single 

band of isoamylase with an isoelectric point of 4.4. 

Molecular weight 
The sedimentation coefficient (S20,w) was calculated as 5.75. The molecular 

weight was determined by the method of ARCHIBALD ~° as 94 ooo assuming that  the 
partial specific volume was 0.72. 

Fig.  3. S c h l i e r e n  p a t t e r n s  of  p u r i f i e d  PSEUDOMONAS i s o a m y l a s e .  S e d i m e n t a t i o n  f r o m  l e f t  t o  r i g h t .  
P h o t o g r a p h s  w e r e  t a k e n  a t  i 6 - m i n  i n t e r v a l s  a f t e r  a r o t o r  s p e e d  of  54 5 ° 0  r e v . / m i n  h a d  b e e n  
a t t a i n e d  u s i n g  0 . 0 5 %  p r o t e i n  in  o . o i  M a c e t a t e  bu f fe r  ( pH  4.o). A d o u b l e - s e c t o r  cel l  w a s  used ,  
a n d  t h e  t e m p e r a t u r e  w a s  25 ° , B a r  ang le ,  7 °o . 
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Fig. 4. Effect of  p H  on isomylase activity. The activity was determined under  s tandard assay 
conditions except for change of p H  as indicated. O - - O ,  o.i M acetate-HC1 buffer (pH 1.o-5.o ) , 
q~-'-O, o.I M phosphate-c i t r ic  acid buffer (pH 2 . 2 - - 7 . 8  ) .  

Fig. 5. Effect of t empera ture  on isoamylase activity. Isomylase activity was determined ur, der 
the s tandard  assay conditions except for change of tempera ture  as indicated. 

Effect of pH on isoamylase activity 
The effect of pH on isoamylase activity is shown in Fig. 4. The optimal pH 

was in the vicinity of 3-4. 

Effect of temperature on isoamylase activity 
The effect of temperature on isoarnylase activity was measured at 2o-7 o°. As 
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Fig. 6. Thermal  stabil i ty of isoamylase. Enzyme dissolved in o.2 5 M acetate buffer solution 
(pH 3.5) was incubated for IO min. at  the various tempera tures  indicated. The activity remaining 
was assay :d  under  s tandard  conditions. 

Fig. 7. Effect of p H  on stabil i ty of isoamylase. Enzyme solutions of various p H  values were 
incubated for 2 4 h at  4 ° ( O - - O )  and for 2 h at 4 °0 (O--O)-  After incubation,  each enzyme 
solution was adjusted to p H  3.5, and residual activity was measured by  the s tandard method.  
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shown in Fig. 5, the op t imal  t empe ra tu r e  of the isoamylase  for a Io-min react ion was 
52o at  p H  3.5, and the ac t iv i ty  at  4 °0 was about  53% of tha t  at  5 o°. 

Thermal stability 
Thermal  s t ab i l i ty  was measured  in o.I  M ace ta te  buffer (pH 3.5) by  hea t ing  

at  3o-7 o° for IO rain. As shown in Fig. 6, the i soamylase  was r e ma rka b ly  heat  
sensit ive,  i.e., inac t iva t ion  occurred at  45 °, while at  5 o°, 55 ° and  6o °, ac t iv i ty  de- 
creased by  about  4 o, 77 and 95°~i~, respect ively.  Hea t ing  for IO rain at  65 ° resulted in 
comple te  loss of ac t iv i ty .  

p H  stability 
As shown in Fig. 7, the  i soamylase  was s table at  4 ° for 24 h at  about  pH 2.5--- 

7.5, bu t  inac t iva t ion  occurred at  lower and higher p H  values.  At  4 o°, the p H  exer ted  
a marked  effect on the s tab i l i ty  of the  i soamylase  within 2 h, ahnost  complete  ac t iv i ty  
remaining at  p H  3.5-5.5, and being lost at  below pH 2.5 and above p H  7.5- 

"I'ABIA'; 1 l 

E F F E C T S  O F  V A R I O U S  R E A G E N T S  ON 1 S O A M Y L A S E  ACT1VITS(  

t?eagent Final Inhibition 

( m 3l) 

NaCI , o 
MgC12 , o 
CuCI t 3 ° 
HgC1,2 ~ 4 i 

o. I 34 
NaF i I~) 
Ammonium molybdate l 2 
Iodoacetate ~ o ' 3 

I () 

p-Chloromercuribenzoate i 34 
0 .  I O 

Effect of various reagents on isoamylase activity 
A wide range of reagents  was tes ted,  because they  had  been used in previous 

studies2,V, 2a. Ace ta te  buffer a t  p H  3-5 was used. Resul ts  are expressed as percentage 
inhibi t ion  compared  with the  ac t iv i ty  in control,  reagent-free digests.  The results  of 
these exper iments  are given in Table I I .  A m m o n i m n  molybda te ,  which inhibi ts  R- 
enzyme 21 and yeas t  i soamylase  2, d id  not  inhibi t  i soamylase  ac t iv i ty .  I soamylase  was 
s l ight ly  inh ib i ted  b y  SH-group  reagents ,  such as iodoace ta te  and p-ehloromercur i -  
benzoate ,  while R-enzyme and 5,'east i soamylase  were only pa r t i a l ly  or not  a t  all 
inhibi ted.  Other  exper iments  showed tha t  the  effects of a m m o n i u m  molybda te ,  iodo- 
ace ta te  and  p-ch loromercur ibenzoa te  on pul lulanase were similar  to their  effects on 
isoamylase.  The percentage  inhibi t ions  wi th  ammonium m o l y b d a t e  (I mM), iodo- 
ace ta te  (IO raM) and p-ch loromereur ibenzoa te  (I raM) were o, 2 4 and 16, respect ively.  

Increase in iodine coloration by the action of Pseudomonas isoamylase and pullulanasc 
on amylopectin and glycogen 

The act ions  of Pseudomonas i soamylase  on amylopec t in  and glycogen were 
compared  wi th  those of A. aerogenes pul lulanase (Fig. 8). The iodine colorat ion,  
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Fig. 8. Effect  of  P s e u d o m o n a s  i soamylase  and  pu l lu lanase  on t he  iodine colorat ion of  po t a to  
amy lopec t i n  and  oys te r  glycogen.  P o t a t o  amylopec t in  (2 rag) or  oys t e r  g lycogen (2 mg) was 
i ncuba t ed  a t  35 ° wi th  e i ther  P s e u d o m o n a s  i soamylase  or pu l lu lanase  (44 un i t s  of  e i ther  )and  a 
final concen t ra t ion  of  o.oi  M ace ta te  buffer  (pH 3.5 for i soamylase ,  p H  5.5 for pul lulanase)  in a 
to ta l  vo lume  of  i ml. Af ter  20 h, o.2-ml a l iquots  were mixed  wi th  0.2 ml  of  o .4% iod ine -  
p o t a s s i u m  iodide solution.  The  m i x t u r e  was d i lu ted  wi th  wate r  to IO ml  and  used  for deter-  
m ina t i on  of  t he  spec t ra  of  iodine-complexes.  I, oys te r  g lycogen before t r e a t m e n t ;  2, oys te r  
g lycogen af ter  i ncuba t ion  wi th  pu l lu lanase  ; 3, oys te r  g lycogen af ter  i ncuba t ion  wi th  P s e u d o m o n a s  
ioamylase ;  4, po t a to  amy l opec t i n  before t r e a t m e n t ;  5, po t a to  amy lopec t i n  a f te r  i ncuba t ion  wi th  
pu l lu lanase ;  6, po t a to  amylopec t in  af ter  incuba t ion  wi th  P s e u d o m o n a s  i soamylase ;  For  experi-  
m e n t a l  deta i ls  see text .  

measured at 57 ° n m  using potato amylopectin as substrate, was increased by  Pseu- 
domonas isoamylase and pullulanase by 62 and 47%, respectively, and the maximum 
with amylopectin shifted from 550 to 57 ° n m .  

When oyster glycogen was used as substrate there was a very small increase 
(11% at 47 ° n m )  in the iodine coloration with pullulanase but a big increase with 
Pseudomonas isoamylase (52% at 47 °nm) .  

Effects of Pseudomonas isoamylase and pullulanase on the fl-amylolysis limits of 
amylopectin, glycogen and related dextrins 

The simultaneous actions of a debranching enzyme and fl-amylase were ex- 
amined using mixtures of polysaccharide (2 rag), isoamylase or pullulanase (44 units) 
and fl-amylase (80 units) in acetate buffer (pH 5.0) in a total volume of 2 ml. To allow 
the successive actions of a debranching enzyme and fl-amylase, polysaccharide (2 rag) 
was first treated with either isoamylase (44 units) at pH 3.5 or pullulanase (44 units) 
at pH 5 for 2 h in o.I M acetate buffer in a total volume of 1. 9 ml. After heat inacti- 
vation, the reaction mixture was incubated with o.I ml of fl-amylase solution (80 
units) in o.I M acetate buffer (pH 5) for 24 h. Samples (o.i ml) were withdrawn and 
the maltose released was measured with SOMOGYI--NELSON 22 reagent. The concen- 
trations of the polysaccharides added as substrates were determined by  the phenol- 
sulfuric acid method TM. The effects of Pseudomonas isoamylase on the fl-amylolysis 
of amylopectin, glycogen and related dextrins were compared with those of the pul- 
lulanase of A. aerogenes (Table III). 

Isoamylase, like pullulanase, caused complete degradation of amylopectin 
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both by simultaneous and successive action with fl-amylase. Isoamylase hydrolyzed 
glycogen completely when acting either successively or simultaneously with [% 
amylase. However, although pullulanase caused complete degradation of glycogen 
on sinmltaneous action with fl-amylase, it caused only a snlall increase in the [4- 
amylolysis limit on successive action (38-46% for oyster glycogen, and 42-51% for 
rabbit liver glycogen), in agreement with the results of ABDULLAH el al. '5 The latter 
workers suggested that the incomplete degradation of glycogen by the successive 
action of pullulanase was due to its inability to penetrate into the interior of the 
glycogen molecule. Thus, these results indicate that Pseudomonas isoamylase, unlike 
pullulanase, can penetrate into the interior of the compact glycogen molecule and 
hydrolyze all a-I,6-glucosidic inter-chain linkages. This also seems likely t'r()m the 
results that Pseudomonas isoamylase caused complete degradation of oyster glycogen 
pullulanase-limit dextrin. 

This difference between the two enzymes was also deduced from the iodine 
coloration of glycogen treated with the two enzymes, as shown in Fig. 8. 

It has been reported that the R-enzyme has no appreciable action on glycogen? 
and that the action of yeast isoamylase on glycogen is similar to that of pullulanase'% 
With glycogen fl-limit dextrin, isoamylase caused extensive fl-amyMysis (79%) by 

TABLE li1 

E F F E C T S  OF PSEUDO1MONAS I S O A M Y L A S E  A N D  P U L L U L A N A S F  ON [ J - A M Y L O L Y S I S  OP" AM Y L O P E C T I N ,  

G L Y C O G E N  A N D  R E L A T E D  D E X T R I N S  

For exper imental  details see text.  

Substrate 

Waxy-maize  amylopect in  5 ° 

Potato amylopect in  47 
Oyster  glycogen 38 
Rabbi t  liver glycogen 42 
V~raxy-maize amylopect in 

{j-limit dextr in o 
Oyster  glycogen 

[J-limit dextrin o 
Waxy-maize amylopect in 

phosphorylase  limit 
dextrin 2 l 

Rabbi t  liver glycogen 
phosphorylase  limit 
dextr in 2 S 

\¥axy-maize  amylopect in 
phosphorylase  
{j-limit dextrin o 

Rabbi t  liver glycogen 
phosphorylase  
[J-limit dextrin o 

Oyster  glycogen pul- 
lulanase limit dextrin 34 
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successive action with fl-amylase, whereas pullulanase caused only 31% degradation 
under the same conditions, showing that isoamylase can split the interior branch 
points in glycogen. Although the combined actions of Pseudomonas isoamylase with 
fl-amylase caused degradation of fl-limit dextrin, 20-30% of the amylopectin fi-limit 
dextrin and 20-25% of the glycogen fl-limit dextrin, respectively, were resistant to 
enzymic action. Pullulanase caused complete degradation of amylopectin fl-limit 
dextrin by both simultaneous and successive action with fl-amylase, and of glycogen 
fl-limit dextrin by simultaneous action. However, Pseudomonas isoamylase, like 
pullulanase, caused almost complete degradation of amylopectin and glycogen phos- 
phorylase-limit dextrin by both simultaneous and successive action with fl-amylase, 
although pullulanase caused only 32% degradation of glycogen by successive action. 

The difference in the degradation rates of fl-limit, and phosphorylase limit 
dextrins by isoamylase may be due to the side chains in fl-amylase limit dextrins 
being 2 or 3 glucose units long ~3 whereas those in phosphorylase limit dextrins are 4 
glucose units long 14. On waxy-maize amylopectin and oyster glycogen phosphory- 
lase fl-amylase limit dextrins, which have 2 glucose unit stubs, the action of pullu- 
lanase is similar to that on amylopectin, glycogen and their phosphorylase or /5- 
amylase limit dextrin. However, by the combined action of Pseudomonas isoamylase 
with/5-amylase, 50% of amylopectin phosphorylase/5-amylase limit dextrin and 56% 
of glycogen phosphorylase/5-amylase limit dextrin were resistant to enzymic action. 

Amylopectin, glycogen and their phosphorylase-limit dextrins were completely 
hydrolyzed by Pseudomonas isoamylase and/5-amylase under standard conditions. 
The incomplete degradation of fl-limit dextrins seems to be attributable to the 
specificity of the isoamylase toward the side-chain (A-chain) stubs which are shorten- 
ed to two or three glucose residues 19 by the action of/5-amylase. 

To clarify this point the/5-limit dextrins of waxy-maize amylopectin and oyster 
glycogen (IO mg each) were incubated with the debranching enzymes (220 units each) 
in acetate buffer (pH 5.0) in a total volume of I ml, at 35 ° for 2 h and the products 
were examined by quantitative paper chromatography as shown in Table IV. Pul- 
lulanase released maltose and maltotriose at almost equal rates together with higher 
maltosaccharides from both fl-limit dextrins; during 2o-min incubation the release of 
reducing sugars almost reached the maximum. Pseudomonas isoamylase also released 
similar sugars, but the amount of maltose released was very small. 

T A B L E  I V  

FORMATION OF MALTOSE AND MALTOTRIOSE FROM /~-LIMIT DEXTRINS BY PSEUDOMONAS ISOAMYLASE 
AND PULLULANASE 

F o r  e x p e r i m e n t a l  d e t a i l s  see t e x t .  

Substrate Debranching Yield Molar ratio 
enzyme of maltose 

Maltose Maltotriose to maltotriose 
(wt.%) (wt.%) 

W a x y - m a i z e  a m y l o p e c t i n  f l - l imi t  d e x t r i n  

O y s t e r  g l y c o g e n  f l - l imi t  d e x t r i n  

P s e u d o m o n a s  
i s o a m y l a s e  o.59 9.43 i :13. 4 
P u l l u l a n a s e  5.84 12.3o I : 1.5o 
P s e u d o m o n a s  
i s o a m y l a s e  0.96 I I . i i  i : 9.7 
P u l l u l a n a s e  8.62 8.79 I : 0.85 
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The molar ratios of maltose to maltotriose liberated by pullulanase were I : 1.5 
with amylopectin fl-limit dextrin, and I :o.85 with glycogen fi-limit dextrin. The 
molar ratios of maltose to maltotriose liberated by Psedomonas isoamylase were 
I:13.4 with amylopectin fl-limit dextrin, and 1:9. 7 with glycogen fl-limit dextrin. 
Under these conditions, most of the maltotriose residues attached to the main chain 
(B-chain) were liberated, but there was little liberation of maltose residues even on 
nmch longer incubation, owing to the low activity of the isoamylase on side-chains 
of two glucose units. This may explain why degradation of ft--limit dextrins by the 
combined actions of isoamylase and fl-amylase was incomplete. 

Effect of Pseudomonas isoamylase and pullulanase on branched-chain ol~osaccharidcs 
Oligosaceharide mapping methods 24 were employed to compare the actions of 

debranching enzymes. 
Malto-oligosaccharide containing branched-chain oligosaccharide as a-limit 

dextrin was prepared from waxy-maize amylopectin (i g) by the action of bacterial 
a-amylase (50 mg) for 24 h. This material was developed by three ascents with the 
solvent n-butanol-pyridine-water  (6:4:3, by vol.) by one-dimensional paper chrom 
atography. The area of the chromatogram containing the oligosaccharides was spray- 
ed uniformly with 4 ml of Pseudomonas isoamylase or pullulanase solution containing 
4oo units of activity per ml. The chromatogram was kept at 3 °° for approx. 3 ° rain, 
and during this period it was dried. The chromatogram was developed in the second 
direction under similar conditions. The paper was dried in air and saccharides on the 
paper were detected with silver nitrate reagent ~2, as shown in Fig. q. 

Pseudomonas isoamylase released maltotriose and higher maltosaccharides 
from the branched-chain oligosaccharides, but no detectable maltose. Pullulanase 
released maltose, maltotriose and much larger maltosaccharides from the branched- 
chain oligosaccharides. Especially large amounts of maltose and maltotriose were 

Fig. 9- Compar i son  of the  act ion pa t t e rn s  of PSEUDOMONAS ISOAMYLASE AND AEROBACTER 
pu l lu l anase  on a- l imi t  dextr in .  Solvent ,  bu t ano l  pyr idme-  water  (6:4:3,  by  vol.). [, first d i rect ion 
of  d e v e l o p m e n t ;  II ,  second direct ion of  d e v e l o p m e n t  af ter  i soamylase  action (left) or a f te r  
pu l lu l anase  act ion (right). 
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r e l e a s e d  f r o m  t h e  b r a n c h e d  o l i g o s a c c h a r i d e  h a v i n g  5 g lucose  u n i t s  w h i c h  s e e m e d  to  

b e  6 2- or  6 a - a - m a l t o s y l m a l t o t r i o s e  ~ .  T h i s  is in  a g r e e m e n t  w i t h  t h e  r s u l t s  s h o w n  in 

T a b l e  IV.  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  c h a r a c t e r i s t i c  a c t i o n  o f  P s e u d o m o n a s  iso- 

a m y l a s e  is h y d r o l y s i s  o f  al l  a - I , 6 - g l u c o s i d i c  l i n k a g e s  in  g lycogen ,  b u t  a - I , 6 - g l u c o s i d i c  

l i n k a g e s ,  a t t a c h i n g  m a l t o s e  r e s idues  to  c h a i n s  o f  a - I , 4 -1 inked  g lucose  res idues ,  a re  

n o t  r e a d i l y  h y d r o l y z e d .  
No  e n z y m e  is k n o w n  to  h y d r o l y z e  al l  t h e  a - i , 6 - g l u c o s i d i c  i n t e r - c h a i n  l i n k a g e s  

in g lycogen ,  a l t h o u g h  S. mi t i s  p u l l u l a n a s e  w as  f o u n d  t o  h y d r o l y z e  t h e s e  l i n k a g e s  well.  

A n  e n z y m e  w i t h  s u c h  a n  a b i l i t y  s e e m s  v e r y  use fu l  in  t h e  d e t e r m i n a t i o n  of  t h e  s t r u c -  

t u r e s  o f  g l y c o g e n  a n d  g lycogen - l i ke  p o l y s a c c h a r i d e s .  6 - a - M a l t o t r i o s y l m a l t o d e x t r i n s  

a re  k n o w n  to  be  h y d r o l y z e d  o v e r  IO t i m e s  f a s t e r  t h a n  6 - a - m a l t o s y l m a l t o d e x t r i n s  b y  

S. mit is ,  so P s e u d o m o n a s  i s o a m y l a s e  is s i m i l a r  to  Streptococcus p u l l u l a n a s e  in  t h i s  

r e spec t .  H o w e v e r ,  t h e  i s o a m y l a s e  c l ea r ly  di f fers  f r o m  t h e  p u l l u l a n a s e  in  i t s  a c t i o n  on  

p u l l u l a n ,  o n l y  t h e  l a t t e r  h y d r o l y z i n g  t h i s  m a t e r i a l .  
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