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STUDIES ON AMYLO-1,6-GLUCOSIDASE* 

by  

J. L A R N E R  AND L. H. S C H L I S E L F E L D * *  

Divis ion o /Biochemis t ry ,  Noyes  Laboratory o[ Chemistry, 

Universi ty o] Il l inois,  Urbana, Ill. (U.S .A. )  

Some properties and mechanism of action of the intestinal carbohydrases, maltase 
(a-glucosidase) and oligo-I,6-glucosidase have been presented 1, z. In order to contrast 
these enzymes with an enzyme catalyzing the hydrolysis of ~-I,6 linkages in 
polysaccharides, it has been of interest to investigate further the properties of amylo- 
1,6-glucosidase z. These studies form the basis of the present report. 

METHODS AND MATERIALS 
Enzymes  
R a b b i t  musc le  phosphory l a se  was prepared  by  the  m e t h o d  of GREEN AND CORI 4 us ing  o. I M N a F  
in the  crys ta l l iza t ion  s tep  and  in the  first recrys ta l l iza t ion  according to t he  procedure  of E. IV. 
SUTHERLAND, Jr. 5. 

Amylo-  1,6-glucosidase was p repared  f rom pooled s u p e r n a t a n t  fluids collected af te r  c rys ta l l i za-  
t ion of r abb i t  musc le  phosphory la se  by  a m e t h o d  prev ious ly  descr ibed s. Several  modi f ica t ions  
were i n s t i t u t ed  as sugges ted  by  t he  work of BEIZENHERZ et al.L Glass-redist i l led wate r  was used  
t h r o u g h o u t .  S a t u r a t e d  a m m o n i u m  sul fa te  solut ions  were prepared  f rom a m m o n i u m  su l fa te  
recrys ta l l ized a t  s l igh t ly  alkal ine p H  f rom o.oo2 7 M versene.  The  pooled s u p e r n a t a n t  f luids were 
d i lu ted  to one per  cen t  p ro te in  concen t ra t ion  wi th  o.ooz 7 M versene  p H  7.2. The  a m m o n i u m  
su l fa te  f rac t ion  (0-0. 3 sa tu ra t ion )  was  dissolved in o.oo2 7 M versene  con ta in ing  o.oo 3 M cys te ine  
a t  p H  7.2. 

To r e m o v e  a - a m y l a s e  two s ta rch  adsorp t ions  wi th  wa te r -washed  corn  s t a rch  (Argo)"were 
done as a l r eady  descr ibed 3. Amylo- i ,6 -g lucos idase  p repared  unde r  these  condi t ions  was  cons ider-  
a b l y  more  s tab le  t h a n  p repa ra t i ons  p repa red  by  the  p rev ious  m e t h o d  6 and  wi th s tood  freezing 
and  t h a w i n g  2 to 3 t imes  wi th  essent ia l ly  no loss of ac t iv i ty .  In  some  cases  ac t iv i ty  which  h a d  
been lost  af ter  r epea t ed  freezing and  t hawi ng  could  be res tored  by t he  add i t ion  of g lu t a th ione .  

I t  h a s  been found  t h a t  such  p r epa ra t i ons  have  specific ac t iv i t ies  r ang ing  f rom 2600 to 5o00 
un i t s  per  mgS, b u t  still  con ta in  phosphory l a se  and  t races  of a -amylase .  Par t ia l  s tab i l i za t ion  of t he  
e n z y m e  by  ve r sene  ha s  r ecen t ly  been repor ted  by  CORI s. 

Yeas t  hexok inase  was  p repa red  by  an  u n p u b l i s h e d  m e t h o d  of C. R. PARK and  glucose-6-  
p h o s p h a t e  d e h y d r o g e n a s e  by  t he  m e t h o d  of KORNBERG 9. 

Subslrates, co/actors and inhibitors 
Phospho ry l a se  l imi t  dex t r in  (LDt)  * * * was prepared  by  two success ive  enzymic  d iges t ions  of r abb i t  
l iver g lycogen  wi th  repea ted ly  recrysta l l ized phospho ry l a se  (free of amylo- I ,6 -g lucos idase)  by  
t h e  p rocedure  a l r eady  descr ibed l°. Glucos idase - t rea ted  L D  1 (LDlg)  was p repa red  by  i n c u b a t i n g  
amylo - i , 6 -g lucos idase  (5 ° spec t ropho t ome t r i c  uni t s ,  see EXPERIMENTAL) with  60 m g  L D  1 a t  3 °0 
for 18o minu te s .  At  t he  end  of th is  t i me  112 % of theore t ica l  ou te r  b r a n c h  po in t s  were hyd ro lyzed  
as  d e t e r m i n e d  by  increase  in reduc ing  power.  Po lysaccha r ide  was  isolated in the  usua l  m a n n e r  by  
severa l  e t h a n o l  prec ip i ta t ions .  

I somal tose  was a gif t  of Dr. A. JEANES, " p a n o s e "  a gif t  of Dr. M. KILLEY, and  corn  and  whea t  

• Suppo r t ed  in p a r t  b y  a g r a n t  f rom t he  Na t iona l  Science F o u n d a t i o n .  
• * T a k e n  in pa r t  f rom a thes is  s u b m i t t e d  by  L. H. SCHLISELFELD to t h e  G r a d u a t e  College of 

the  U n i v e r s i t y  of Il l inois in pa r t i a l  fu l f i l lment  of t he  r e q u i r e m e n t s  for the  degree  M.S. in C h e m i s t r y  
(1955). P r e sen t  address ,  B i o c h e m i s t r y  D e p a r t m e n t ,  Vande rb i l t  U n i v e r s i t y  School of Medicine,  
Nashvi l le ,  Tennessee .  

• " *  For  a d i scuss ion  of t e r m s  see p rev ious  pape r  x°. 
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amylopectins gifts of Dr. R. W. KERR. Maltose was a commercial product. Adenosine triphosphate 
(ATP) and triphosphopyridine nucleotide (TPN) were purchased from Sigma Chemical Company. 
z4C uniformly labelled glucose was prepared by the method of WICK et al. zl by submitting 14C 
uniformly labelled starch to acid hydrolysis, p-chloromercuribenzoic acid and o-iodosobenzoic 
acid were obtained from Sigma Chemical Company. Iodoacetic acid was a gift of Dr. W. A. WOOD. 

ANALYTICAL 

Amylo-l,6-glucosidase activity was determined in the presence of excess phosphorylase, L D  t, 
and inorganic phosphate by increase of reducing power as previously described s. The method of 
NELSON TM as modified s was used for reducing power determination. Deproteinization was accom- 
plished either with 2. 5 % HgCI: in 0. 5 N HC1 (Schenk) or by the method of SOMOGYI z:. Protein 
was determined by a turbidometric method already outlined z. 

Radioactivity was determined by counting in a gas flow counter. The samples were plated 
on metal planchettes (previously treated with a small amount of t % detergent) and dried under 
an infrared lamp. Glucose was counted in an infinitely thin film, polysaccharides at measured 
thickness. Corrections in the latter case were made by comparing the thickness of each sample 
with a self-absorption curve of l*C wax. Conversion to absolute activities (disintegrations per 
minute, d.p.m.) was done using a polystyrene standard. 

pH was determined with Beckman model G glass electrode. 

EXPERIMENTAL 
S p e c t r o p h o t o m e t r i c  a s s a y  

Amylo-I,6-glucosidase act ivi ty  has been determined by means of a spectrophoto- 
metric assay similar to tha t  used for oligo-i,6-glucosidase 1. Format ion  of glucose 
by  the hydrolysis of L D  1 has been coupled with the reduction of TPN,  catalyzed by 
the hexokinase glucose-6-phosphate dehydrogenase system. The linear relationship 
between rate of optical densi ty  change at  340 m/~ (Beckman model DU spectrophoto- 

- •  0 , 0 5 o  , , , 

'q 0.020 

Enzyme added, m/ 

Fig. 1 .  Spectrophotometric determination 
of amylo-z,6-glucosidase activity. Reaction 
mixture contained glycylglycine buffer 
0.25 M, pH 7.5, x.o ml; MgSO, o. 3 M, o.1 
ml; glucose-6-phosphate dehydrogenase 3 
mg lyophilized powder per ml o.2-0. 4 ml 
(0.26--0.52 units*); hexokinase o.i % (3o% 
pure) o.o3-o.o 5 ml; TPN o.005 M, o.i ml; 
ATP o.i M o.oi ml; L D  1 z %, o.i ml; final 

volume 3.o ml. 

meter  at room temperature) and  amount  of 
enzyme added is shown in Fig. I, which also 
gives an indicat ion of the reproducibil i ty of 
the method. Under  these conditions, a pro- 
visional spectrophotometric uni t  is defined as 
tha t  amount  of enzyme which catalyzes an 
optical densi ty change of o.ooI per minute.  
As previously discussed 1 there is a short lag 
period before the max imum optical densi ty 
change is achieved. The ma x i mum rate of 
optical densi ty change is the basis of the 
calculation of units.  I t  is to be emphasized 
tha t  spectrophotometric act ivi ty  varies with 
condit ions of assay (ratio of hexokinase to 
glucose-6-phosphates dehydrogenase). The 
present un i t  holds only under  the specified 
conditions. 

Amylo-I,6-glucosidase act ivi ty  determin-  
ed by  the previous method of increase in 
reducing power 3 has been compared with 

ac t iv i ty  determined by the spectrophotometric assay using the same enzyme prepa- 
rat ions (Table I). An average value of 31 reduction uni ts  per spectrophotometric un i t  
was Obtained. No difference in the reducing power assay was noted with or wi thout  

Re/erences  p. 6z .  



VOl.. 2@ (x956) STUDIES ON AMYLG-I,6-GLUCOSIDASE 55 

added Mg ++. For reasons of convenience and speed the spectrophotometric assay has 
been used wherever possible. In the 

T A B L E  I 

AMYLO-I ,6 -GLUCOSIDASE ACTIVITY 
DETERMINATION BY SPECTROPHOTOMETRIC AND 

INCREASED REDUCING POWER METHODS 

Spearopkotometvic Reduction 
activity ( x ) aa ivi~ O) 

units/mr units /ral 

Ra~/o 
(2): (x) 

400 (A) 13,8oo 34-5 
281 ( A )  7,680 27.3 
522 (A) 17,8oo 34.1 
599 (A) i6,ooo 26.8 
5Ol (A) 16,ooo 31.9 
268 (B) 8,05 ° 30.0 
148 (B) 4,67o 31.5 

Average  31 

A = Mg ++ p resen t ;  final concen t r a t ion  o.o12 M 
B = Mg ++ a b s e n t  
(i) Reac t ion  m i x t u r e s  were as descr ibed in Fig. 1. 

experiments which follow, units refer 
to spectrophotometric units. 

p H  Activi ty curve 

Variation of initial rate as a function 
of pH has been measured using the 
spectrophotometric assay (Fig. 2). Ex- 
periments were run in glycylglycine 
buffers previously adjusted to various 
pH's with dilute acid or alkali. In control 
experiments, it was shown that the 
hexokinase glucose-6-phosphate dehy- 
drogenase system with glucose as sub- 

strate could operate at a rate greater 
than that found with amylo-I,6-gluco- 
sidase and LD x and therefore was not 

limiting. In contrast to oligo-I,6-glucosidase which has a pH optimum at 6.2 to 6.4 H a, 
amylo-i,6-glucosidase under these conditions has 
an optimum in the range 7.2 to 7.6. 

Sul/kydryl inhibitors 

Because of the increased stability and activity of 
amylo-i,6-glucosidase in the presence of cysteine ~, 
versene, and glutathione (METHODS .',~D MATE- 
RIALS), the effect of sulfhydryl inhibitors on 
enzyme activity has been examined. Since the 
spectrophotometric assay system is inhibited by 
sulfhydryl reagents*, it was not used for these 
experiments. The reducing power assay with phos- 
phorylase and inorganic phosphate was likewise 
not used because of the possibility that muscle 
phosphorylase also requires sulfhydryl groups for 
activity (cysteine activation). Accordingly, the 
hydrolysis of L D  1 by amylo-i,6-glucosidase was 
followed by increase in reducing power in the 
absence of accessory enzymes. Large enough 
amounts of L D  x were used such that the glucose 
released was sufficient to be easily detectable by 
analytical methods employed. Under these con- 
ditions the reaction is essentially linear with time 
until approximately 3o% hydrolysis of the avai- 
lable outer branch points. As shown in Table II, 

660 

620 

0 0 

300 

260 

220 
6P 6.8 72 7.6 8.0 8.4 

pH of roaction mixture 

Fig. 2. p H  Ac t iv i ty  curve of amylo -  
1,6-glucosidase.  React iOn m i x t u r e  as 
descr ibed,  p H  of g lycylg lyc ine  buffer  
a d j u s t e d  wi th  HC1 or N a O H .  p H  of 
reac t ion  m i x t u r e  d e t e r m i n e d  a t  end  

of run .  

580 

~ 540 

500 

L. 

~ 420 38~ 

a concentration of p-chloromercUribenzoate of 5 "IO-5 M completely inhibits activity. 

* U n p u b l i s h e d  expe r imen t s ,  J.  LARNER AND R. E. GILLESPIE. 

R e l e r e n c e s  p .  6 L  
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TABLE II 
INHIBITION OF AMYLO-I ,6 -GLUCOSIDASE BY SULFHYDRYL REAGENTS* 

Inhibitor 
Inhibitor Time o! Glutathione 

concentration incubation** concentration Inhibition 

M/l minutes M/I per cent 

p-chloromercuribenzoate I • 10 -4 20 - -  I o o . o  

p - c h l o r o m e r c u r i b e n z o a t e  . i .  IO - 4  2 0  1 ' 5 "  IO- -2"**  55"5  

p - c h l o r o m e r c u r i b e n z o a t e  5" IO-5~ 2 0  - -  i o o . o  

p - c h l o r o m e r c u r i b e n z o a t e  i .  lO  -5  2 0  - -  5.,5 

o-iodosobenzoate i .  lO -4 20 - -  61.8 
o-iodosobenzoate i • lO -4 20 1. 5 • IO-~§ o.o 
o-iodobenzoate i • lO -5 20 - -  2. 5 
i o d o a c e t a t e  i o - z  i o - -  o . o  

* ioo units of enzyme used in all experiments. 
** Incubations were at room temperature. 

*** Added after 5 minutes. 
§ Added after 5 minutes. Enzymic activity was restored to double that of control. This 

activation was to original level of activity before freezing and thawing. 

o- Iodosobenzoate  is a less effective inhibi tor ,  while no inhibi t ion  with iodoace ta te  
was noted.  Glu ta th ione  reversed the inhibi t ion b y  bo th  p-chloromercur ibenzoate  and 
o- iodosobenzoate .  In tes t ina l  mal tase  and  oligo-I ,6-glucosidase,  in cont ras t  to  amylo-  
1,6-glucosidase, are not  inhib i ted  b y  these su l fhydry l  inhibi tors  * 

Inhibition by carbohydrates 

The following ca rbohydra t e s  were found not  to inhibi t  amylo- I ,6-g lucos idase  in the  
spec t ropho tomet r i c  assay  (27 uni ts  of enzyme used) ; isomaltose, o.oo12 M ;  "panose" ,  
0.002 M ;  g lucose- l -phospha te ,  0.003 M. 

Glucose was tes ted  as an inhib i tor  in the  usual  glucosidase reducing power 
assay  in the  presence of phosphorylase  and  inorganic  phosphate .  Since phosphorylase  
has been shown to be inhib i ted  by  glucose 14 enough phosphory lase  was added  in 
order  t ha t  it  would not  prove l imit ing.  

The  results  (Table I I I )  wi th  two concent ra t ions  of phosphory lase  indica te  tha t  
this  condi t ion  was met.  No inhibi t ion was no ted  wi th  o .ooi  M and  o.oo18 M glucose 
using 26 and  15 uni ts  of glucosidase dur ing a IO minu te  t ime  per iod  (Table I I I ,  
exper iments  I ,  2). The rat io  of added  glucose to b ranch  point  glucose (assuming 
11.4% branch  points  in LD1) in exper iments  I and  2 was 2.2 and  3.5 respect ively.  
Because of the  poss ibi l i ty  tha t  phosphory lase  might  p reven t  inhibi t ion of gluco- 
s idase b y  glucose, add i t i ona l  exper iments  were done in the  absence of a d d e d  phos- 
phory lase  a n d  inorganic  phosphate .  W i t h  the  concent ra t ions  of glucose employed,  
no inhib i t ion  of glucosidase ac t i v i t y  was no ted  (Table I I I ,  exper iments  3, 4). In  
exper iment  3, the  ra t io  of a d d e d  glucose to  ava i lab le  branch  point  glucose (outer 
tier) was I ,  while in exper iment  4, i t  was 3.5. Both  ol igo-I ,6-glucosidase and  mal tase  
are  inh ib i ted  b y  glucose 15. 

Inhibition by LDlg and K,~ /or LD 1 

The o ther  p roduc t  of hydrolys is ,  the  "deb ranched "  l imit  dex t r in  (LDlg), proved  
to be an inh ib i tor  of the  enzyme. As is shown in Fig. 3, a plot  of I/V versus I/S for 
the  inh ib i ted  and  un inh ib i t ed  sys tem followed the  kinet ics  of a reversible  inhibi t ion.  

Re/erences  p.  61. 
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TABLE n I  

E F F E C T  OF G L U C O S E  ON A C T I V I T Y  OF A M Y L O - I . , 6 - G L U C O S I D A S E  

Phosphorylase Glucose A mylo-z,6-glucosidase 
Experiment add¢~ added activity 

Number 
ml It moles total units 

I 0. 5 - -  26.2 
i 0. 5 2.78 26.6 
1 0.8 2.78 27.9 
2 0 . 2  - -  1 5 , I  

2 o-5 4-45 15.o 
3*** - -  77 
3*** - -  5.6 Io6 
4*** 106 
4 - -  19-4 IO8 

* A suspension of crystals recrystallized until free of amylo-i,6-glucosidase activity. 
** Reaction mixture contained glucosidase, phosphate buffer i.o M pH 7.o, 0.3 ml; adenylic 

acid o.oi M, o.2 ml; LD 1, 2 rag; final volume 2.5 ml. Deproteinization was with Scbenk reagent. 
Activity given in spectrophotometric units. 

*** Reaction mixture contained glucosidase 7o units; glycylglycine buffer o.25 M pH 7.4, 
o.5 ml; LD 1 3 ° rag; final volume 2. 3 ml. Deproteinization was with Ba(OH)fZnSO 4. Activity 
given in Klett-Summerson colorimeter reading differences from zero time controls. 

T h e  Michael is  c o n s t a n t  for L D  x is 
160 

14 m g  per  cent .  E x p r e s s e d  as o u t e r  

t i e r  b r a n c h  po in t  g lucose  (moles) 12o 
t h e  Km is 2 . 7 " I o - 5 M  *. T h e  K I  

for L D l g  is 50.5 m g  per  cen t  or  
9 . 8 . I o - 5 M  if exp res sed  as "origi- loo 
na l ly  a v a i l a b l e "  o u t e r  t ie r  b r a n c h  _~ 
po in t  g lucose  (moles)* * oo 

60 
Fig. 3. Inhibition of amylo-x,6-gluco- 
sidase by LDlg. Reaction mixture as 
described, containing in addition o.i ml 

LDlg 2.75 % ; average pH 7.i8. 

(L~ 

o ~'o 2.'o 3.'0 ,~o 5:0 6.'o 7'o 
I/S 

Using  t h e  i n t e g r a t e d  f o r m  of t h e  Michae l i s '  e q u a t i o n  w i t h  c o m p e t i t i v e  p r o d u c t  
i n h i b i t i o n  16 

( s 0 _  sF) ( I K .  K . ( I  S° S° -----~i ) + + ~- i )  ln-~v = Vmt 

a ca l cu l a t ed  curve ,  Fig.  4, was  c o n s t r u c t e d  w i t h  va lues  of Km a n d  K r  d e t e r m i n e d  
b y  t h e  s p e c t r o p h o t o m e t r i c  m e t h o d .  F o r  Vm, in i t i a l  r a t e  of hyd ro lys i s  w i t h  excess  

s u b s t r a t e  as e s t i m a t e d  b y  inc reased  r educ ing  power  was  used.  V .  as  d e t e r m i n e d  

* Expressed in terms of outer tier rather than total branch point glucose, since only the outer 
tier is available to enzymic action in this assay. Outer tier branch points (moles) calculated as 

follows: concentration of polysaccharide (mg/ml) x o.o34 
18o 

Molecular weight of i8o is used since polysaccharide concentration was determined as glucose 
after acid hydrolysis. K . [  I ]  

** K I calculated from the expression slope = ~ I + - ~ /  . 

Re/erences p. 6L 
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graphically by the spectrophotometric method at room temperature at this pH was on 
the average 15 % lower than the experimental initial velocity obtained by hydrolysis at 9°I 

8o 

,b ~o 3b 4b 5'0 6'0 
Time (minutes) 

50 

~.0 

30 

20 

1C 

- -  3 o°. At pH 7.16, there is a good fit of 
the points determined experimentally 
by increased reducing power to the 
calculated curve, indicating that Km 
and Kt as determined by the spectro- 
photometric or reducing power me- 
thods are in essential agreement. At 
pH 6.8 the K,~ of muscle phosphorylase 
for glycogen in the direction of syn- 
thesis has been reported as 21 mg per 
cent 1.. Assuming an average of 7% 
branch points for glycogen 17 this value 
corresponds to 8. Io-SM. 

Fig. 4. Hydrolysis  of L D  1 by amylo-I ,6-  
glucosidase: • Experimental .  O Calculated 
using K m 2 .6 . io  -5 M*, K 1 9.8" Io -5 M. 
Vm = o.16 7 g lucose/minute /uni t  enzyme.  
Reaction mix tu re  contained glycylglycine 
buffer o.25 M p H  7.3, 2.o ml; MgSO 4 o. 3 M, 

70 0.2 ml; glucosidase 74 units ;  L D  x 14.75 mg; 
final volume 6.0 ml. 

Variation o~ Michaelis constant with pH 

The variation of pK m (--log K,,) with pH has been studied, using the spectro- 
photometric assay method (Fig. 5). A biphasic curve is obtained when pK m is plotted 
against pH similar in shape to that reported for intestinal maltase and oligo-I,6- 
glucosidase 2. At acid pH pK~, appears independent of pH, while at alkaline pH the 
plot is best represented by a slope of - I .  The change in slope at about pH 7.5-7.6 
is somewhat higher than observed in the case of the intestinal enzymes (pH 7.o-7.1). 

1"101 'o 

211 f 
o.lo I 

6.~ 6.'3 ~'5 6:7 6'9 z'1 z'3 ~5 z'7 z'~ 811 a3 
pH oi ~ reoction mixture 

Fig. 5. p H  Dependence of p K  m. Reaction mixtures  as in Fig. i. p H ' s  a r e  a v e r a g e  values of e a c h  
set of reaction mixtures.  T h r  j values usually varied by  several hundred ths  of one p H  unit.  

" A Kr~ value of 2.6. Io -SM ra ther  than  2. 7. zo-SM was used because it is an average value 
at this p H  (see Fig. 5). 

Re[erences p. 6z. 
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In control experiments the plot of pKm against pH of the hexokinase glucose-6- 
phosphate dehydrogenase system for glucose between pH 6.4 and 8.1 had no change 
in slope l. Since the substrate is considered uncharged and since the pKm pH plot of 
the hexokinase glucose-6-phosphate dehydrogenase system with glucose is without a 
change in slope in this pH range, this experiment suggests that an ionizable enzymic 
group with a pK~ of about 7.5-7.6 is involved in the combination of enzyme with 
substrate is. 

Reversibil i ty  

Previous e>:periments with the radioactive method had shown that crude gluco- 
sidase preparations are contaminated with small amounts of branching enzyme 19. 
In order to obtain an active preparation of branching enzyme from muscle it was 
necessary to extract the powder obtained by pulverizing frozen muscle in a fitted 
stainless steel cylinder and plunger. Amylo-i,6-glucosidase, on the other hand, is 
extracted from fresh muscle with water. These differences in extractability pointed 
to the presence of two enzymes each catalyzing a separate reaction. 

Reversibility of purified amylo-I,6-glucosidase was tested by two experimental 
approaches; first by using the iodine color assay developed for branching enzyme ~° 
(Table IV); and second by isolation and determination of radioactivity of the 
polysaccharide remaining after incubation of L D  1 with glucosidase in the presence 
of 14C labelled glucose (Table V). Glucosidase (205 units--sufficient to completely 
"debranch" 187 mg L D  1 in IO minutes) had essentially no action on 3 mg of corn 
amylopectin in 2o minutes as indicated by the constant value of the optical density 
of the iodine color complex at 57 ° m/~ (Table IV). After 345 minutes the optical 
density had decreased to 57.5% of its original value. That this decrease was due at 
least in part to a-amylase action was shown in a separate experiment by measuring 
the increase in reducing power. As maltose, the increase in reducing power was 8--5 % 
when the iodine color had decreased to 46% of the initial value. KUSG, HANRAHAN" 
AND CALDWELL 21 have studied the decrease in iodine color as related to increase in 
reducing power with a series of ten a-amylases, hydrolyzing amylose. At lO% 
hydrolysis (as maltose) from 75.o to 26.2% of the blue value remained, with most 

T A B L E  IV 

ACTION OF AMYLO-I,6-GLUCOSIDASE ON CORN AMYLOPECTIN 

Incubation Optical density Reducing power 
at 57 ° mp as maltose time o~ iodine complex 

minutes per co¢ o/initial value per cent 

O IOO* 
5 1°3 

IO Io 5 
20 97 

345 57.5 
300 46.o ** 8.5*** 

* Reac t ion  m i x t u r e  con ta ined  g lycy lg lyc ine  buffer 0.25 M p H  7.4, 0.5 ml;  corn a m y l o p e c t i n  
3 mg;  g lucosidase  205 un i t s ;  f inal vo lume  1.8 ml. 

** Reac t ion  m i x t u r e  as above  excep t  t h a t  to mg corn a m y l o p e c t i n  used;  final vo lume 3.5 ml. 
*** Depro te in ized  wi th  Ba(OH)z-ZnSO 4. 

§ Unpub l i shed  exper iments ,  J. LARNER and R. E. GILLESPIE. 

Re/erences  p.  6z .  
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TABLE V 

INCORPORATION OF 14C GLUCOSE BY AMYLO-I ,6 -GLUCOSIDASE DURING HYDROLYSIS OF L D t *  

Outer branch A nalysis alter ethanol precipitations 
Incubation points Incorporation 

time Specific Polysaccharide Radioactivity Specific dialysis hydrolyzed Polysaccharide alter 
weight Radioactivity activity weight activity 

rain per cent rag d.p.ra, d.p.ra.lrag rag d.p.ra, d.p.ra./rag per cent 

A nalysis alter dialysis 

14 38.1 
15 - -  11. 5 162 14.1 IO.i 327 32. 4 0.072* 
35 57 .2 
36 - -  14.9 633 42.5 12.7 43 ° 33.8 o. i i * * 

Control 15.3 68 4.4 17.7 6o 3.4 

* Reaction mixture contained the following: Glycylglycine buffer o.25M pH 7.4, 1.o ml; L D  1 
84 nlg; 14C glucose 1.25. lO 6 d.p.m. ; glucosidase 146 units; final volume 3 ml. i ml samples taken 
for polysaccharide isolation; 0. 5 ml samples for reducing power. For all samples except controls, 
counting was done for a length of time sufficient for a precision of :t: 5 %. 

** Calculated as follows: Specific activity of 14C glucose 2.14.1o e d.p.m.]mg 
d.p.m, i mg glucose 

mg 14C glucose 15er mg L D  1 = 33.8 ~ >( 2'14" 1° 6 d.p.m. = 15'8" 10-6 

mg outer branch point glucose remaining/rag L D  1 = 0.428 × 0.034 = 14.6. lO -a 
15.8. lO-6 

per cent reincorporation io $ = 0. I I. 
I4,6. 10-3 

of the amylases giving values about  55%. The present value of 46.5% is well within 
this range*. 

For the radioactive experiment  (Table V), control, and  experimental  reaction 
mixtures  were prepared which were identical  except for the absence of enzyme in 
the  control. Per cent hydrolysis was determined by  increase in reducing power in 
al iquots deproteinized by  the Ba(OH) , -ZnSO,  method and  calculated assuming 
tha t  complete hydrolysis is equivalent  to the l iberat ion of 3.4% reducing power 
(as glucose). A correction was applied for the reducing power of x4C labelled glucose 
in i t ia l ly  present. 

Polysaccharides were precipitated from reaction mixtures  by  ethanol. Super- 
n a t a n t  fluids from the first e thanol  precipitat ion were set aside for isolation of 1~C 
glucose. Precipitates were taken up in water and  digested with alkali (lO% NaOH) 
at IOO ° for 2 minutes.  Five addi t ional  ethanol  precipi tat ions were done. After the 
last e thanol  precipi tat ion polysaccharides were dissolved in water, aliquots plated 
out on metal  planchettes,  weighed and counted. After counting,  the mater ial  was 
dissolved from the planchettes,  dialyzed at 3 ° for 84 hours against  mult iple changes 
of distilled water, replated and recounted. 

Significant radioact ivi ty  in the two exper imental  samples (greater than  control) 
is present both  after alkali t r ea tmen t  and  extensive dialysis (Table V). The lower 
specific ac t iv i ty  of the 15 minu te  sample before dialysis was probably  due to uneven  
plating. In terms of per cent reincorporation,  the radioact ivi ty  found was 0.072 in 
the 15 minu te  sample, and  o.11% in the 35 minu te  sample. The enzyme does not  
under  these condit ions catalyze reincorporat ion of labelled glucose into polysaccharide 
to any  appreciable extent.  

* This does not rule out some action by branching enzyme in addition to a-amylase 
Re/erences  p.  61. 
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DISCUSSION 

The properties of amylo-x,6oglucosidase clearly differentiate this enzyme from oligo- 
1,6-glucosidase. Previous work ~ has indicated the differing substrate requirements 
of the two enzymes. The present work indicates that amylo-I,6-glueosidase operates 
at a higher pH optimum than oligo-I,6-glucosidase, and that amylo-I,6-glucosidase 
is inhibited by sulfhydryl reagents and not inhibited by glucose. Other properties 
studied here include K~, and competitive inhibition by LD~g. It is of some interest 
that muscle phosphorylase and amylo-I,6-glucosidase have K~'s in the same general 
range. Evidence has been presented which indicates that a charged enzymic group 
of pK~ 7.5-7.6 participates in combining with substrate. Reversibility has been 
tested and no evidence for significant reversibility could be found. Further studies 
with regard to mechanism of action of amylo-I,6-glucosidase and other carbohydrases 
are in progress. 

S U M M A R Y  

Addi t iona l  p roper t ies  of amylo- I ,6 -g lucos idase  h a v e  been s tud ied  us ing  a rapid  spec t ropho to -  
m e t r i c  assay .  The  p H  o p t i m u m  is in t he  region be tween  7:2 to 7.6. 

The  e n z y m e  is inhib i ted  by  p -ch lo romercur ibenzoa te  and  o- iodosobenzoate .  The  inhibi t ion  
is reversed  by  g lu ta th ione .  

No  inhib i t ion  ha s  been observed  wi th  glucose b u t  the  " d e b r a n c h e d "  phosphory la se  l imi t  
dex t r in  p roved  an  inhib i tor  of t he  compe t i t i ve  t ype  wi th  a KI  of 50.5 m g  per  cent .  

The  var ia t ion  of K m with  p H  has  been de t e rmi ned  and  indicates  t h a t  an  ionizable enzymic  
group wi th  a pKa of 7.5-7.6 is involved  in combin ing  wi th  subs t ra te .  

No evidence for s ignif icant  revers ibi l i ty  of t he  reac t ion  could be found  unde r  t he  cond i t ions  
tes ted .  
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