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Abstract:
A study has been made of the amylase obtained from a submerged culture of Aspergillus oryzae. grown
on a synthetic media of starch and inorganic salts. It was discovered that the amylase produced can be
absorbed and eluted from the mold mycelium by pH adjustments. An initial concentration of 20-40 fold
of the amylase from the filtrate is readily obtainable. The advantages claimed are: elimination of salts,
carbohydrates, proteins, and other extraneous materials; also, the method is simple, rapid, and
inexpensive. Elutes from the mycelium absorptions were subjected to repeated ammonium sulfate
fractionations followed by a bentonite treatment. The preparations thus obtained gave exceedingly high
amylase activities with very little evidence of maltase, limit dex-trinase, and proteolytic activity. 
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I .  ABSTRACT

A s tu d y  h as  "been made o f  th e  am ylase o b ta in e d  from  a submerged c u l­
tu r e  o f  A s p e rg i l lu s  o ry z a e , grown on a  s y n th e t i c  m edia o f  s t a r c h  and 
in o rg a n ic  s a l t s .  I t  was d is c o v e re d  t h a t  th e  am ylase produced can be 
ab so rb ed  and e lu te d  from th e  mold mycelium by pH a d ju s tm e n ts . An i n i t i a l  
c o n c e n tra t io n  o f  20-40 f o ld  o f  th e  am ylase from  the  f i l t r a t e  i s  r e a d i ly  
o b ta in a b le .  The ad v an tag es  c la im ed  a r e :  e l im in a t io n  o f  s a l t s ,  carbo­
h y d r a te s ,  p r o t e in s ,  and o th e r  e x tra n e o u s  m a te r ia l s ;  a l s o ,  th e  method i s  
s im p le , r a p id ,  and in e x p e n s iv e . E lu te s  from  th e  mycelium a b s o rp tio n s  
were s u b je c te d  to  r e p e a te d  ammonium s u l f a t e  f r a c t io n a t io n s  fo llo w ed  by a 
b e n to n i te  t r e a tm e n t .  The p re p a ra t io n s  th u s  o b ta in e d  gave e x c e e d in g ly  
h ig h  am ylase a c t i v i t i e s  w ith  v e ry  l i t t l e  ev id en ce  o f  m a l ta s e , l im i t  d ex - 
t r i n a s e ,  and p r o t e o ly t i c  a c t i v i t y .
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B cause o f  the demand fo r  a m y lo ly tio  enzymes in  the brew ing, d is ­

t i l l i n g ,  m il l in g ,  baking, t e x t i l e , paper, and o th er  in d u s tr ie s ,  the 

am ylases are one o f  the most im portant c la s s e s  o f  enzymes used  on a 

commercial b a s is .

There are two c la s s e s  o f  am ylases: alpha-am ylase (th e  l iq u ify in g

enzym e), and beta-am ylase (th e  sa cc h a r ify in g  enzym e). The su b stra te  in  

both o ases i s  s ta r c h . Amylases ( alpha or b e ta ) act very  s lo w ly  on raw 

s ta r ch  (20) but cooked s ta r c h e s , howev r ,  are very  r e a d ily  h yd rolyzed .

Starch i s  b e lie v e d  to  c o n s is t  o f  two fra c tio n s  known as amylose and 

amylopec t in .  Cereal s ta rch es  are m ixtures o f  75 to  80 per cen t amylo- 

p e o tin  and 20 to  25 per cent am ylose. The gen era l op in ion  i s  th a t amy­

lo s e  i s  the s tr a ig h t-c h a in  component o f  s ta r c h , con ta in in g  g lu cose  u n its  

bound by a lp h a -1 , 4 -g lu e o s id io  l in k a g e s . The s tr a ig h t  ch ain s contain  

100 to  700 g lu co se  r es id u es  (9 )  ( lO ) . According to  Meyer (9 ) ( lO ), 

amylopec t in  i s  a la rg e  branched-chain m o lecu le , resem bling a t r e e , con­

ta in in g  15 to  18 g lu cose  m olecu les between branches. Most o f  these g lu ­

cose u n it s  are lin k ed  by a lp h a -1 , 4 -g lu c o s id io  bonds having branches 

formed by a lp h a -1 , 6 -g lu o o s id ic  lin k a g e s . Amylopeotin c o n s is t s  o f  500 

to  2 ,000  or more g lu co se  u n it s .

The f in a l  products o f  h y d ro ly s is  o f  starch  by a lph a-am ylase, g iv e  

no co lo ^ v ith  io d in e-p o ta ssiu m  io d id e  s o lu t io n . T his i s  due to  the rapid  

rupture o f  s ta rch  chains in to  low m olecu lar weight d ex tr in e  (2 0 ) . Alpha- 

amylase s p l i t s  the am ylopeotin o f  s ta r ch es  in to  d ex tr in e  o f  6 or 7 

g lu co se  u n its  (2 0 ) , w hereas, the r e s u lt  o f  beta—amylase a c tio n  on

I I .  INTRODUCTION
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amylopeo t in  i s  the production  o f  h igh -m oleoular gluooeans in  which alpha—I ,  

6 -g lu c o e id io  bonds accum ulate.

The f i n a l  h y d ro ly s is  products o f  beta-am ylase on s ta r o h , g iv e  a blue  

co lo r  w it !^ iodine-potassium  io d id e  s o lu t io n . B eta-am ylase r a p id ly  con­

v e r t s  over 99 per cent o f  the amylose fr a c t io n  o f  sta rch  to  m altose ( 1 0 ) .  

Amylopec t in ,  however, i s  on ly  p a r t ia l ly  hydrolyzed (54 per cent) by b e ta -  

amylase ( 2 0 ) .  B eta-am ylase appears to  s t a r t  at the non-reducing end o f  

the ch a in , breaking o f f  m altose u n its  as i t  works toward the cen ter;  

however, as soon as i t  reaches a branch, i t s  a c tio n  c e a s e s . This r e s u l t s  

in  o b ta in in g  a r e la t iv e ly  large n u cleu s o f  branched s tru c tu re  from am ylo- 

p e o tin . S ince t h i s  n u cleu s has more than the minimum number o f g lu cose  

u n it s  req u ired  to  g iv e  the io d in e  t e s t ,  beta-am ylase w i l l  always g iv e  

a purple co lored  end product w ith  io d in e .

Amylases are found in  s a l iv a ,  p a n crea tic  j u ic e ,  l i v e r ,  other animal 

organs, seed s o f c e r e a ls ,  m olds, and b a c te r ia . The im portant commercial 

sou rces are m olds, m alted c e r e a ls ,  and b e e f  and hog p an creas.

The amylase which i s  the su b jec t o f  t h i s  study i s  produced by the  

mold A sp e r g illu s  oryzae, and i s  c f  the alpha ty p e . A sp er g illu s  oryzae 

has been c u lt iv a te d  in  the O rient fo r  c en tu r ie s  fo r  the production o f  

enzym es, p a r t ic u la r ly  staroh  hyd ro lyzin g  enzymes. The amylase produced 

has been used as a p a r t ia l ly  p u r if ie d  product in  t h i s  country s in ce  1898 

( 1 9 ) .  However, su r p r is in g ly  l i t t l e  i s  known of i t s  a c t io n  and p r o p e r t ie s .  

T his la ck  o f  q u a n tita t iv e  in form ation  i s  probably due to  th e fa c t  th a t  

many in v e s t ig a t io n s  have d e a lt  w ith  ra th er  crude a lco h o l p r e c ip ita te s  

o f  the enzyme e x tr a c ts  from the m old. These contained h igh  co n cen tra tio n s
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o f  o th er  enzym es, and s im ila r  p ro te in  m a te r ia ls . Tauher (20) l i s t e d  23 

d if fe r e n t  enzymes which have been rep orted  fo r  t h i s  organism .
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P relim in ary  in v e s t ig a t io n  had in d ic a te d  th a t the amylase produced 

hy A sp er g illu s  oryzae on a media made up o f  in organ ic  s a l t s  and s ta rch  

had somewhat d if fe r e n t  p ro p er tie s  than commercial p rep aration s o f  t h is  

enzyme. There were even in d ic a t io n s  th a t i t  might not he p ro te in  in  

nature due to  the fa c t  th a t a n eg a tiv e  b iu re t t e s t  was obtained on some 

sam ples ( 8 ) .  Furtherm ore, ty r o s in e  appeared to  be absent w hile su rface  

c u ltu r e s  o f  the same organism grown on organic media always gave a pos­

i t i v e  ty r o s in e  t e s t .  In  order to  study t h i s  problem and determine i f  a 

more h ig h ly  p u r if ie d  product would show th e same p r o p e r tie s  the fo llo w ­

in g  problems were to  be in v e s t ig a te d :

1 . E x tra ctio n  and p u r if ic a t io n  o f  amylase from A sp er g illu s  oryzae 

grown on sy n th e t ic  media o f  s ta rch  and in o rg a n ic  s a l t s .

2 . Work out a fea sa h le  scheme fo r  the p u r if ic a t io n  o f  the am ylase.

3 . Obtain h ig h es t p o ss ib le  a c t iv i t y  hy some type o f  fractionation  

from o th er  p r o te in s  and carbohydrates and, i f  p o s s ib le , ob ta in  

the enzyme in  c r y s ta l l in e  form.

4 . Determine p h y sica l and chem ical p ro p er tie s  o f  h ig h ly  p u r if ie d  

enzyme. T his in c lu d es  a n a ly s is  fo r  n itro g en  and determ ining i t s  

a c t iv i t y .

5 . Compare w ith  p ro p er tie s  o f  am ylases from o th er  so u rces .

I I I .  STATEMMT OF PROBLEM
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IV. LITERATURE SURVEY

In  I 8 9 8 , TaJcamine ( 19) introduced in to  t h is  country under the name 

T ak a-d iastase  a p a r t ia l ly  p u r if ie d  powder prepared by a lc o h o l p r e c ip ita ­

t io n  o f  the aqueous e x tr a c t  o f  "K ojitl f which i s  made by c u lt iv a t in g  the  

mold A sp e r g illu s  oryzae on steamed wheat bran. S ince th en , the commer­

c ia l  p u r if ic a t io n  has been improved, and the amylase has found many 

a p p lic a t io n s  in  in d u stry .

Sherman and Tanberg ( l8 )  obtained more concentrated  prep aration s o f  

t h i s  amylase in  1916. They p r e c ip ita te d  the enzyme from aqueous s o lu t io n s  

o f  the commercial product ( T a k a -d ia sta se ) by use o f  ammonium s u l f a t e ,  

d is so lv e d  in  p r e c ip ita te  in  w ater, d ia ly ze d  the s o lu t io n  fr e e  from s u l­

f a t e ,  and then f r a c t io n a l ly  p r e c ip ita te d  i t  w ith a lco h o l in  the presence  

o f  added sodium c h lo r id e . The most a c t iv e  products obta ined  in  t h i s  

manner had 30 tim es the a c t iv i t y  o f  the s ta r t in g  m a te r ia l.

In 1926, Nishimura (14) rep orted  s t i l l  g rea ter  p u r if ic a t io n  o f  the  

amylase by ad sorp tion  on alumina g e l ,  and e lu t io n  w ith  phosphate s o lu t io n s .  

The ad sorp tion  was ca rr ied  out in  a weak acid  s o lu t io n , and the adsorbed  

m a ter ia l e lu te d  w ith  a weak acid -p hosphate so lu tio n  a t a pH o f 8 .0 .  By 

rep ea tin g  t h i s  p rocess sev era l t im e s , he obtained a product w ith approx­

im a te ly  45 tim es g r ea ter  a c t iv i t y  than the s ta r t in g  m a te r ia l.

C hester obtained more concentrated  p reparations o f  t h i s  amylase in  

1933 ( 4 ) .  Her work c o n s is ted  o f fo llo w in g  the a d so rp tio n  procedure o f  

Nishimura (14) along w ith  fr a c t io n a t io n  w ith  ammonium s u lfa t e  and a lc o h o l.  

Her b e s t p reparation  had an a c t iv i t y  o f  approxim ately 53 tim es th a t o f  

the o r ig in a l  m a te r ia l.
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Because o f  the d if fe r e n t  co n d it io n s  used in  m easuring the enzyme 

a c t i v i t i e s  o f  the p u r if ie d  products in  the r e feren ces  c i t e d  above, i t  

i s  d i f f i c u l t  to  make an accurate comparison o f the p u r if ie d  products 

w ith  t h is  work. In  the l ig h t  o f  the s tu d ie s  th at have been made, the  

b est one can do i s  make an approxim ation o f  the com parative a c t i v i t i e s .

C a ld w ell, C hester , D oebbeling and V o lz , in  1945 (3 ) prepared an 

ex ce e d in g ly  poten t a m y lo ly tic  p r e c ip ita te  which gave no evidence o f  

m altase a c t i v i t y .  T heir method o f  p u r if ic a t io n  c o n s is te d  o f  fr a c t io n a l  

p r e c ip ita t io n  o f  the aqueous e x tr a c t  o f  a commercial T ak a-d iastase  con­

cen tra te  w ith  amcionimum s u l f a t e ,  su sp en sion  o f the p r e c ip ita te  in  a 

minimum o f d i s t i l l e d  w ater, d ia ly s i s  to  remove s u l f a t e ,  and con cen tra tion  

o f  the d ia ly zed  s o lu t io n s .  This p rocess o f  fr a c t io n a t io n  and d ia ly s i s  

was rep eated  on the most a c t iv e  s o lu t io n s  u n t i l  no fu r th e r  in c r ea se s  

occurred in  a c t i v i t i e s  exp ressed  on the b a s is  o f  t o t a l  s o l id s  in  the  

d ia ly se d  s o lu t io n s .  The number o f  r e fr a c t io n a t io n s  n ecessa ry  was th ree  

to  f i v e .  T h eir  most a c t iv e  preparation  had an a c t iv i t y  o f  16,000 alpha  

u n it s  e r  gram. The amylase a c t iv i t y  i s  d efin ed  on page 12 .

C r y sta llin e  alpha-am ylases have been obtained from m alt, p an creas, 

s a l iv a ,  and b a c te r ia . S ince t h e ir  a c t io n  and many o f  t h e ir  p ro p er tie s  

are s im ila r ,  a sh ort review  o f the methods used fo r  o b ta in in g  the c r y s t ­

a l l in e  m a ter ia l seems appropriate a t t h i s  tim e.

Malt alpha-am ylase was c r y s t a l l i z e d  by Sigmund Sohwimmer and A. K. 

B a lls  (1 7 )•  The procedure c o n s is t s  e s s e n t ia l l y  o f  h e a tin g  concentrated  

m alt e x tr a c t  to  d estro y  the beta-am ylase a c t iv i t y ,  p r e c ip ita t in g  the  

rem aining p r o te in  w ith  ammonium s u l f a t e ,  adsorbing the enzyme from an
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a lo o h o lio  s o lu t io n  on w heat s ta r c h  g r a n u le s ,  and c r y s t a l l i z i n g  th e  e lu te d  

enzyme w ith  ammonium s u l f a t e . The c o n d it io n s  f o r  th e  a d s o rp tio n  were 

a d ju s tm en t o f  pH t o  5 ,9 - 6 .0  w ith  0 .1  H ammonium h y d ro x id e  in  th e  p re sen ce  

o f  calc ium  io n s  a t  a  te m p e ra tu re  o f  300C.

P a n c re a t ic  a lp h a-am y lase  was c r y s t a l l i z e d  by M eyer, F is h e r ,  and B e m - 

f e ld  ( l l )  ( 1 2 ) .  T h e ir  method c o n s is te d  o f  th e  d i a l y s i s  o f  e x t r a c t s  o f  

hog p a n c re a s , f r a c t i o n a l  p r e c i p i t a t i o n  w ith  ammonium s u l f a t e  (pH 6 . 9 ) ,  

rem oval o f  d e n a tu re d  p r o te in  by sh ak in g  w ith  ch lo ro fo rm  i n  the  p re sen ce  

o f  ammonium h y d ro x id e , and th e n  c r y s t a l l i z e d  from w a te r  a t  3°C.

S a l iv a ry  a lp h a-am y lase  was c r y s t a l l i z e d  by M eyer, F i s h e r ,  B e m f e ld , 

and S taub  ( 13) .  Human s a l i v a  was c e n tr i f u g e d ,  and th e  p r e c i p i t a t e  d i s ­

c a rd e d . Then two f r a c t i o n a l  p r e c i p i t a t i o n s  w ith  a c e to n e , and two f r a c t i o n a l  

p r e c i p i t a t i o n s  w ith  ammonium s u l f a t e  were c a r r ie d  o u t .  I n  th e  n e x t s t e p ,  

th e  s u l f a t e  io n s  were re p la c e d  by a c e ta te  by u s in g  a  b a s ic  io n  exchange 

r e s i n .  An a d d i t io n a l  p r e c ip i t a t i o n  was made w ith  a c e to n e . The p re c ip ­

i t a t e  was ta k e n  up in  w a te r  and c o o le d . C ry s ta ls  form ed in  48 h o u rs  a t  

a  pH o f  7 .0 .

When t h i s  p r o je c t  was s t a r t e d ,  no r e p o r t  had been made o f c r y s t a l l i ­

z a t io n  o f  fu n g a l a lp h a -a m y la se . However, in  F eb ru ary  o f  t h i s  y e a r ,  

U n d e rk o fle r  and Eoy a t  Iowa S ta te  C o lle g e , p u b lish e d  an o u t l in e d  p ro ced u re  

f o r  o b ta in in g  c r y s t a l s  o f  th e  a lp h a-am y lase  from subm erged c u l tu r e s  o f  

A s p e rg i l lu s  o ryzae  ( 2 l ) .  I n  b r i e f ,  th e  method c o n s i s t s  o f  s ix  ammonium 

s u l f a t e  p r e c i p i t a t i o n s , w ith  th r e e  b e n to n i te  a d s o rp tio n s  t o  remove l im i t  

d e x t r in a s e . C r y s t a l l i z a t i o n  was com pleted  in  o n e -h a lf  s a tu r a te d  ammonium 

s u l f a t e  a t  a  r e f r i g e r a t e d  te m p e ra tu re .
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The authors o f  the above procedure obtained on ly  10 mg o f  c r y s t a ls .

T his amount was in s u f f ic ie n t  to  a llow  p h y s ic a l p r o p e r tie s  to  be determ ined. 

As a r e s u lt  on ly  a p ic tu re  was made o f  the c r y s ta ls  and th e  a m ylo ly tio  

a c t iv i t y  determ ined. I t  was learn ed  through correspondence th at the authors  

o f  t h i s  procedure had g rea t d i f f i c u l t y  in  rep ea tin g  the above p r o c ess .

SI/



12 -

Throughout th e  cou rse  o f  t h i s  i n v e s t ig a t io n  th e  fo llo w in g  a n a ly t i c a l  

m ethods were u s e d .

A lpha-am ylase was de term in ed  "by a m o d ified  m ethod o f S a n d s te d t , Keen, 

and B lis h  ( l 6 ) , th e  a c t i v i t y  b e in g  e x p re sse d  as  " a lp h a  u n i t s . "  An " a lp h a  

u n i t "  r e p r e s e n ts  th e  number o f  grams o f  L in tn e r s  s o lu b le  s ta r c h  d e x t r in -  

iz e d  in  one h o u r , a t  30°C, by one m i l l i l i t e r  o f  enzyme s o lu t io n ,  u n le s s  

o th e rw ise  in d ic a te d .  The m o d if ic a t io n  i s  th e  e l im in a t io n  o f th e  p re l im in a ry  

tre a tm e n t o f  th e  s ta r c h  w ith  b e ta -a m y la se  s in c e  b e ta -am y lase  i s  n o t p ro ­

duced by t h i s  p a r t i c u l a r  m old. One a lp h a  u n i t ,  a s  d e sc r ib e d  h e r e , 

r e p r e s e n ts  8 .8  S a n d s te d t , KjS en , and B lis h  " a lp h a  u n i t s . "

L im it d e x tr in a s e  was d e te rm in ed  by the  method o f  Back, S ta r k ,  and 

S c a lf  ( 2 ) ,  The u n i t  o f  measurement i s  e x p re ssed  as  p e r  cent h y d r o ly s is  

o f  l im i t  d e x t r in  to  fe rm en tab le  su g a r  in  one h o u r , a t  30°C, by one m i l l i ­

l i t e r  enzyme s o lu t io n  u n le s s  in d ic a te d  o th e rw is e .

M altase  a c t i v i t y  was d e te rm in ed  by th e  method o f  Gorman and Langlykke 

( 5 ) .  The a c t i v i t y  i s  e x p re ssed  as p e r  cen t h y d ro ly s is  o f  m altose  to  g lu ­

cose in  two h o u rs  a t  30°C.

P r o t e o l y t i c  a c t i v i t y  was ru n  by th e  method o f N o rth ro p  ( 1 5 ) .  A 

change o f one p e r  cen t p e r  m inute in  s p e c i f i c  v i s c o s i t y  o f  a s ta n d a rd  

g e l a t i n  s o lu t io n  i s  d e f in e d  as  one u n i t  o f  p r o te o ly t i c  a c t i v i t y .

The K je ld a h l n i t r o g e n  d e te rm in a tio n  used  i s  an a d a p ta t io n  o f  th e  

o f f i c i a l  method o f  th e  A. 0 . A. 0 . ( l ) ,  u sed  by th e  C hem istry  R esearch  

D epartm ent o f  th e  A g r ic u l tu r a l  E xperim ent S ta t io n  a t  M ontana S ta te  

C o lle g e . The c a t a l y t i c  m ix tu re  c o n ta in s  1 ,000 grams o f  p o tassium

V. AUALTTIOAL PROCEDURES
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s u l f a t e ,  and $0 grams o f  m ercuric o x id e . A mixed in d ic a to r  (22) was used  

in  the t i t r a t i o n .

A ll pH d eterm in ation s were made w ith  a Beckman pH m eter, which employs 

the g la s s  e le c tr o d e .
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I n  d e te rm in in g  th e  ty p e  o f  fe rm e n ta t io n  m edia to  be u se d , a s e r i e s  

o f  s y n th e t ic  p re p a ra t io n s  made up o f  in o rg a n ic  s a l t s  and c o rn s ta rc h  were 

t r i e d .  T h is was done by v a ry in g  th e  s a l t  c o n c e n tra t io n  in  the  m ed ia , b u t 

k eep in g  th e  b a s ic  c o n s t i tu e n ts  th e  sam e. As a r e s u l t  o f  t h i s  p re l im in a ry  

e x p e r im e n t, i t  was concluded th a t  th e  medium p re p a ra t io n  th a t  would se rv e  

th e  needs o f  t h i s  in v e s t ig a t i o n  most f u l l y  was o f  th e  fo llo w in g  n a tu r e i

V I. METHODS MD RESULTS

I n g r e d ie n ts $  by Weight

C o rn s ta rch 1 .5

KNO3 0 .4

CaCC3 0 .1

KEgPO^ 0 .05

MgSO4 0.025

KCl 0.0235

Ife S04 » THgO 5 .0  p . t . m.

ZnSO4 .TH2O 5.0  P.P.M .

CuSO4 eSH2O 5.0  P .P .M .

1 s t e r i l i z e d  in  10 l i t e r q u a n t i t i e s

L isp e rs in g  canvas b a g s . The medium

on s u c c e ss iv e  days to  in s u re  h ig h e s t  p o s s ib le  s t e r i l i t y .  Each b o t t l e  was 

in o c u la te d  w ith  600 ml o f  48 hour pure c u l tu re  o f  A s p e rg i l lu s  o ry z a e . T h is  

inoculum  was c u l t iv a te d  in  300 ml q u a n t i t i e s  o f th e  same medium as  l i s t e d  

ab o v e , ex cep t f o r  th e  a d d i t io n  o f  0 .2 4  p e r  cent by w eight b e n to n i te .  The 

b e n to n i te  was added to  keep  th e  mold mycelium grow ing in  sm all p a r t i c l e s .  

These seed  c u l tu r e s  were in o c u la te d  from  a  s la n t  c u l tu re  o f  th e  mold grown
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on th e  same m edia ex cep t f o r  th e  a d d i t io n  o f  2 .5  p e r  c e n t a g a r ,  and th e n  

shaken f o r  40 h o u rs  to  in s u re  grow th u n d e r a e ro b ic  c o n d i t io n s .  The medium, 

a f t e r  in o c u la t io n ,  was in c u b a te d  a t  a te m p e ra tu re  o f  32-34°C w ith  c o n tin ­

uous a e r a t io n .  The a i r  was su p p lie d  b /  com pressed a i r  from  the  a i r  l in e  

which was p a sse d  th ro u g h  a s t e r i l e  c o tto n  f i l t e r ,  and th e n  th ro u g h  s t e r i l e  

d i s t i l l e d  w a te r . A pprox im ately  o n e - th i r d  volume o f  a i r  p e r  volume o f m edia 

p e r  m inute was u s e d . A f te r  72-96 h o u rs  o f  fe rm e n ta t io n , th e  alpha am ylase 

a c t i v i t y  reach ed  a  v a lu e  o f 1 .0  to  4 .0  u n i t s  p e r  ml w ith  an average o f  

ap p ro x im a te ly  1 .5  u n i t s  p e r  m l.

The mold f i l t r a t e  c o n s is ts  o f  0 .8  p e r  cen t s o l id  m a t te r ,  o f which 40 

p e r  cen t i s  s a l t s .  The o th e r  components a re  c a rb o h y d ra te s  (w hich a re  

p ro d u c ts  o f  enzyme a c t io n  on s t a r c h ) ,  p r o te in s  (w hich d i f f u s e  from mold 

c e l l s ) , and enzymes (T auber l i s t s  23) ( 2 0 ) .

A number o f  p ro c e d u res  were t r i e d  f o r  the  c o n c e n tra t io n  and p u r i f i ­

c a t io n  o f th e  a lp h a-am y lase  from th e  mold f i l t r a t e .  These in v o lv ed  I

1 . C o n c e n tra tio n  by vacuum d i s t i l l a t i o n  and f r a c t i o n a l  p r e c i p i t a t i o n  

w ith  a lc o h o l .

2 . C o n c e n tra tio n  by vacuum d i s t i l l a t i o n  and f r a c t i o n a l  p r e c i p i t a t i o n  

w ith  ammonium s u l f a t e .

3 . C o n c e n tra tio n  by vacuum d i s t i l l a t i o n  and a d s o rp tio n  o f a lp h a -  

am ylase on s ta r c h  and pure  amylop e c t in .

4 . The TJnderkoflex m ethod.

5 . A d so rp tio n  o f th e  a lp h a-am y lase  from mold f i l t r a t e  on the mold 

m ycelium , e lu t io n  and f r a c t i o n a l  p r e c i p i t a t i o n  w ith  ammonium s u l ­

f a te
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Method number f iv e  was th e  most s u c c e s s f u l .  Tho f i r s t  fo u r  m ethods 

a tte m p te d  w i l l  be d e sc r ib e d  in  b r i e f ,  and method f iv e  d e sc r ib e d  in  d e t a i l .

1 . C o n c e n tra tio n  by Vacuum D i s t i l l a t i o n

and F r a c t io n a l  P r e c i p i t a t i o n  w ith  Iso p ro p y l A lco h o l.

The vacuum d i s t i l l a t i o n  was c a r r ie d  o u t a t  te m p e ra tu re s  helow 35°C» 

th e  c o n c e n tra t io n  b e in g  8-10  f o ld .  The lo s s  in  a c t i v i t y  in  t h i s  s te p  was 

from  0-40  p e r  c en t depend ing  on th e  tim e and c o n tam in a tio n  in  th e  medium. 

A f te r  a  c o n c e n tra t io n  o f  8-10 f o ld ,  th e  medium was f i l t e r e d  th ro u g h  a mat 

o f  ceI i t e , p la c e d  in  d ia ly z in g  bags made o f  c e l lu lo s e  a c e t a t e ,  and d ia ly z e d  

a t  r e f r i g e r a t e d  te m p e ra tu re s  u n t i l  f r e e  o f  s a l t s .  T h is  s a l t - f r e e  s o lu t io n  

was th e n  p r e c i p i t a t e d  w ith  a lc o h o l .  The b e s t  c o n d it io n s  f o r  t h i s  p r e c ip ­

i t a t i o n  were found to  be th e  u se  o f  two p a r t s  a lc o h o l to  one p a r t  o f  enzyme 

s o lu t io n  a t  0°C and pH 7 .0 .  Twice p r e c ip i t a t e d  m a t e r i a l , upon d ry in g , 

gave a maxiumu a lp h a  a c t i v i t y  o f  6 ,800  u n i t s  p e r  gram. In  o rd e r to  check 

th e  amount o f  f r a c t i o n a t io n  from o th e r  com ponents, j u s t  b e fo re  p re c ip ­

i t a t i n g ,  a Sm-iI l  amount o f  th e  d ia ly z e d  enzyme s o lu t io n  was ta k en  to  d ry ­

n e ss  in  a d ia ly z in g  bag by hang ing  in  a  s tream  o f  warm a i r .  The a c t i v i t y  

o f  t h i s  m a te r ia l  was 7 ,5 0 0  a lp h a  u n i t e  p e r  ,gram. T h is  in d ic a te d  th a t  p a r t  

o f  th e  enzyme a c t i v i t y  was d e s tro y e d  by th e  a lc o h o l , and v ery  l i t t l e  f r a c ­

t i o n a t io n  had ta k e n  p la c e .  T h e re fo re , t h i s  approach to  th e  p u r i f i c a t i o n  

was ab and oned .

2 . C o n ce n tra tio n  by Vacuum D i s t i l l a t i o n

and F r a c t io n a l  P r e c ip i t a t i o n  W ith Ammonium S u lf a te  

T h is  p ro ced u re  was c a r r ie d  o u t e x a c t ly  th e  same as  above ex cep t 

ammonium s u l f a t e  f r a c t io n a t io n  was u sed  in s te a d  o f  a lc o h o l .  The enzyme



s c I u t io n  which was p r e c ip i t a t e d  fo u r  tim e s  w ith  th r e e - f o u r th s  s a tu r a te d
A

ammonium s u l f a t e , d ia ly z o d  and to k en  to  d ry n eeo , y ie ld e d  an a c t i v i t y  o f  

8 ,0 0 0  alphc u n i t s  p e r  gram .

3 . C o n c e n tra tio n  By Vacuum D i s t i l l a t i o n  

and A d so rp tio n  o f  Enzyme on S ta ro h  and A m ylopectin  

C o n c e n tra tio n , f i l t e r i n g ,  and d i a l y s i s  was c a r r ie d  o u t as in  th e  

above two p ro c e d u re s . S ince one o f  th e  in te rm e d ia te  s te p s  in  th e  p u r i ­

f i c a t i o n  o f  m alt am ylase ( l ? )  was to  a d so rb  the  enzyme on s ta r c h  in  th e  

p re sen ce  o f  40 p e r  cen t a lc o h o l ,  t h i s  method was t r i e d .  The b e s t  r e s u l t s  

t h a t  could  he o b ta in e d  in  t h i s  manner were 20 p e r  cen t a d s o rp tio n  o f  th e  

enzyme on c o rn e ta rc h  and 40 p e r cen t a d so rp tio n  on am ylopec t in .  Because 

o f  th e  la rg e  l o s s e s ,  t h i s  p ro cedu re  was d is c a rd e d .

4« The U n d o rk o fle r K ethod

T h is  method was c a r r ie d  out a s  o u t l in e d  by U n d e rk o f le r  ( 2 l ) .  Ho 

c r y s t a l s  cou ld  ha o b ta in e d  by t h i s  m ethod. On rem oval o f  the ammonium 

s u l f a t e  by d i a l y s i s  and ta k in g  to  d ry n e ss  by hang ing  in  a  stream  o f  warm 

a i r ,  t h i s  m a te r ia l  y ie ld e d  an a lp h a  a c t i v i t y  o f  10,000 u n i t s  p e r gram .

The q u a n t i ty  o f  ammonium s u l f a te  needed f o r  t h i s  p u r i f i c a t i o n  scheme was 

to o  g re a t  to  w a rra n t f u r th e r  a t te m p ts .

5 . C n o e n tra t io n  and P u r i f i c a t i o n  by A d so rp tio n  

o f  A lpha-am ylase From Mold F i l t r a t e  on Mold M ycelium,

E lu tio n  and F r a c t io n a l  P r e c ip i t a t i o n  With Ammonium S u lf a te  

I t  was d isc o v e re d  in  th e  cou rse  o f  t h i s  in v e s t i g a t i o n  th a t  by p ro p e r  

ad ju s tm en t o f  te m p e ra tu re , pH, s a l t  c o n c e n tr a t io n ,  and s e le c t io n  o f 

mycelium o f  th e  p ro p e r  a g e , th e  a lp h a-am y lase  produced by A s p e rg i l lu s

-  17 -
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oryzr.e "v s  co m p le te ly  adso rb ed  on on - f i f t h  o f  th e  mycelium  p re s e n t  in  

th e  grow th medium. By e lu t io n  from t h i s  m ycelium , a  c o n c e n tra t io n  o f  2 0 - 

40 fo ld  was o b ta in e d  and a t  the  same tim e th e  enzyme was s e p a ra te d  from 

th e  c o n ta m in a tin g  c a rb o h y d ra te s , s a l t s ,  and over 80 p e r  c e n t o f th e  p r o te in  

p r e s e n t . A second a d s o rp tio n  a llow ed  an a d d i t io n a l  2 -3  f o ld  c o n ce n tra ­

t i o n .

T h is  p ro ced u re  e l im in a te d  th e  u s u a l  methods o f c o n c e n tra t io n  under 

red u ced  p re s s u re  and p r e c i p i t a t i o n  by s a l t s ,  a lc o h o l ,  o r o th e r  o rg a n ic  

s o lv e n ts  th u s  a llow ed  f o r  an e a sy  and in e x p en s iv e  method o f c o n ce n tra ­

t i o n .

In  t h i s  p ro c e d u re , j u s t  as i n  th e  o th e r s ,  th e  c u l tu r e  was grown u n d e r 

th e  u s u a l c o n d it io n s  o f  fo rc e d  a e r a t io n  on a s ta r c h  and n i t r o g e n  c o n ta in ­

in g  medium. When th e  optimum a m y lo ly tic  a c t i v i t y  was o b ta in e d , th e  

mycelium was removed from th e  fe rm e n ta t io n  l iq u o r  by f i l t r a t i o n ,  a f t e r  

f i r s t  a d ju s t in g  th e  pH to  8 .5  w ith  d i l u t e  sodium h y d ro x id e . T h is was 

n e c e s s a ry  to  a llow  com plete s e p a ra t io n  o f  mycelium and enzyme. A pproxi­

m a te ly  o n e - f i f t h  o f  th e  mycelium was washed and th e n  re su sp en d ed  back  in to  

th e  mold f i l t r a t e .  The pH o f th e  medium was a d ju s te d  to  5 .0  w ith  g l a c i a l  

n o e t ic  a c id ,  th e  te m p e ra tu re  a d ju s te d  to  37°0 , and th e  e n t i r e  m ix tu re  

g e n t ly  og i t a t e d f o r  one h o u r. At th e  end o f t h i s  tim e th e  mycelium was 

th e n  washed I t h  w a te r  w ith  th e  pH a d ju s te d  to  5»0. The mycelium was 

re su sp en d ed  in  a  minimum o f  w a te r ( .0 5 - .0 2 5  o f th e  o r i g i n a l  volume o f 

fe rm e n ta tio n )  to  which had been added 1 .0  p e r  c en t sodium c h lo r id e ,  and 

25 p e r  cen t h„, volume b o ra te  b u f f e r  p re p a red  in  th e  fo llo w in g  m anner;

(50 ml 0 .2  H F C l; 50 ml 0 .2  m 8 .5  ml 0 ,2  M TTaOH; mixed and
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d i lu te d  to  200 m l) , The pH o f  e lu t io n  l iq u id  was th en  a d ju s te d  to  8 .5  

w ith  sodium hy d ro x id e  w ith  c a r e f u l  s t i r r i n g .  A f te r  o n e -h a lf  h o u r , th e  

mycelium was removed from th e  enzyme s o lu t io n  by f i l t r a t i o n ,  and a con­

c e n t r a t io n  o f  20-40 fo ld  was o b ta in e d .

T h is  p ro c e ss  was re p e a te d ,  th u s  a llow ed  a f u r t h e r  c o n c e n tra t io n  o f 

2 -3  f o ld .  However, one o f  two th in g s  m ust be done to  th e  e lu t io n  l i q u id  

from  abovet I .  d i l u t i o n  u n t i l  th e  t o t a l  s a l t  c o n c e n tra t io n  i s  below 

o n e -h a lf  p e r  c e n t , o r  2 . d i a l y s i s  to  remove th e  s a l t s .  T f a more con­

c e n tr a te d  l iq u o r  i s  d e s i r e d ,  th e  m a te r ia l  from th e  second a d so rp tio n  

can be c o n c e n tra te d  by vacuum d i s t i l l a t i o n  over 6 fo ld  more w ith  l i t t l e  

o r  no lo s s  in  a c t i v i t y .  S ince a t  t h i s  s ta g e  th e  t o t a l  volume h an d led  

i s  a p p ro x im a te ly  one h u n d red th  o f  th e  o r i g i n a l , th e  le n g th  o f  tim e r e ­

q u ire d  f o r  e v a p o ra t io n  i s  much l e s s ,  a llo w in g  l e s s  tim e f o r  c o n tam in a tio n  

and lo s s  o f  a c t i v i t y .  With t h i s  t h i r d  s t e p ,  c o n c e n tra t io n s  o f 400-600 

tim e s  were r e a d i ly  o b ta in a b le .

A f te r  p re l im in a ry  ex p erim en ts  in d ic a te d  th a t  t h i s  method m ight he 

f e a s a h le ,  th e  optimum pH, and te m p e ra tu re  f o r  th e  a d s o rp t io n  were d e te r ­

mined as in d ic a te d  in  T ab les  I and T I . The same so u rce  o f  media and 

mycelium was u sed  f o r  a l l  a d so rp tio n  a n a ly s e s .

I t  can r e a d i l y  be seen  from o b se rv in g  th e  two t a b l e s ,  th a t  th e  b e s t  

c o n d it io n s  o f  a d s o rp tio n  a re  pH o f  5«0 a t  a tem p e ra tu re  o f  37°C.

There was no problem  o f  e lu t i n g  th e  enzyme from tV - mycelium. As 

was m entioned  p re v io u s ly ,  th e  pH o f  th e  e lu t io n  l i q u id  was a d ju s te d  to  

8 .5 ,  which a llow ed  th e  enzyme to  s e p a ra te  from th e  m ycelium . E lu tio n s  

o f  98-100 p e r  cen t oan be o b ta in e d  e v e ry  tim e in  th e  p re sen c e  o f 1 .0  p e r
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cent sodium c h lo r id e . The b u ffe r  was found n ecessary  to  avoid lo c a l  con­

c en tr a tio n  o f  sodium hydroxide on the pH adjustm ent, s in c e  the a c t iv i t y  i s  

d estroyed  a t once in  an a lk a lin e  c o n d it io n .

A fter  t h i s  p relim in ary  work had in d ic a te d  ad sorp tion  and e lu t io n  o f  

th e enzyme b t h i s  p rocess to  he f e a s a b le , the next s te p  was to  determ ine  

the l im it s  o f  co n cen tra tio n , the amount o f  fr a c t io n a t io n  from oth er p r o te in s  

and enzymes and f i n a l l y ,  i f  t h is  con cen trated  enzyme s o lu t io n  obtained by 

ad sorp tion  and e lu t io n  procedures could be fu rth er  con cen trated , by vacuum 

d i s t i l l a t i o n .  The la t t e r  would be u s e fu l fo r  preparing co n cen tra tes o f  

the enzymes fo r  commercial purposes. The data obtained  in  b eh a lf o f  th ese  

q u estio n s  i s  s e t  fo r th  in  Table I I I .

From the r e s u lt s  l i s t e d  on Table I I I , i t  can be observed th a t a concen­

tr a t io n  o f  29 tim es th a t o f  the o r ig in a l  was obtained on the f i r s t  ad sorp tion  

and e lu t io n  w ith  an e lim in a tio n  o f  approxim ately 84 per cen t o f the com­

pounds which contained  K jeldahl n itr o g e n . This ad sorp tion  a lso  e lim in a ted  

92 per cent o f  l im it  d e x tr in a se . On the second ad sorp tion  and e lu t io n ,  a 

co n cen tra tio n  o f  73 tim es th a t o f  the o r ig in a l was o b ta in ed , however, the  

amount o f  l im it  d ex tr in a se  and th ose  compounds which contain ed  K jeld ah l 

n itro g en  and th a t were fr a c tio n a te d  were very  sm a ll. I t  was l e s s  than 3 .0  

per cent fo r  each . In  order to  t e s t  the s u i t a b i l i t y  o f  fu rth er  concen­

tr a t in g ,  the con cen trate  (E , Table I I I )  by vacuum d i s t i l l a t i o n  the  

fo llo w in g  experim ent was run* 90 ml o f  th e HO u n it  m a ter ia l was con­

cen tra ted  b, vacuum d i s t i l l a t i o n  to  14 ml (a  l i t t l e  more than 6 t im e s ) .

The con cen trate  was analyzed and found to  have an a c t i v i t y  o f  700 u n it s  

per m l. Recovery was 100 per cent w ith in  the l im it s  o f  experim ental
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e rr o r  on the m easuring o f  volumes o f  th ese  concentrated  s o lu t io n s .  There 

i s  no q u estio n  but a t th ese  co n cen tra tes  could be concen trated  even more 

i f  n e c essa ry . Q u a lita tiv e  t e s t s  a ls o  in d ic a te  the removal o f  the o r ig in a l  

s a l t s  and most o f  the carbohydrate by t h i s  adsorption  procedure.

A number o f  a d d itio n a l runs o f  ad sorp tion  and e lu t io n  o f  the enzyme 

have been made. The r e s u l t s  o f some o f  th ese  are found in  Table IV. Each 

o f  the a d sorp tion s was carr ied  out in  10 l i t e r  q u a n t i t ie s .  The mycelium  

and medium were grown in  sep arate b o t t le s  a t d if fe r e n t  t im e s .

The ad sorp tion  process i s  very  s e l e c t i v e , s in ce  A sp e r g illu s  oryzae 

mycelium f a i l s  to  absorb the amylase from malt e x tr a c t  and A sp erg illu s  

n i£ e r .

The most s u c c e s s fu l p u r if ic a t io n  procedure i s  o u t lin e d  on Table V.

T his r e su lte d  in  a f in a l  dry con cen trate  which had high amylase a c t iv i t y  

and on ly  tr a c e s  o f  m a lta se , l im it  d e x tr in a s e , and p r o te o ly t ic  a c t iv i t y .

The p u r if ic a t io n  in v o lv ed  co n cen tra tin g  the enzyme by mycelium ad sorp tion  

and then u s in g  th r e e -fo u r th s  sa tu ra ted  ammonium s u lfa te  fr a c t io n a t io n ,  

alon g  w ith b en to n ite  adsorption  as was used  by TJnderkofler (2 1 ) ,  The 

i n i t i a l  co n cen tra tio n  ( f r a c t io n  la b e le d  A and B) was ca rr ied  out in  ten  

d if fe r e n t  s t e p s ,  spread over a period  o f  f iv e  weeks. The e lu te s  were 

sto red  at r e fr ig e r a te d  tem peratures u n t i l  the d es ired  q u a n tity  needed 

to  continue fu r th e r  p u r if ic a t io n  had been ob ta in ed . C r y s ta l l iz a t io n  was 

attem pted fou r d if fe r e n t  tim es w ith  fr a c t io n  la b e le d  H, tw ice a t r e f r ig ­

era ted  tem peratures and tw ice at room tem peratures. C r y s ta l l iz a t io n  at 

room tem perature was attem pted because m alt alpha-am ylaee was c r y s t a l l i z e d  

in  th a t manner. Ammonium s u lfa te  was added in  each case over a p eriod  o f
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24 hours u n t i l  o n e -h a lf  sa tu r a tio n  was reached . The pH was adjusted  to

5 .5 - 6 .0 .

A fter  c r y s ta ls  o f  the amylase f a i l e d  to  appear, the enzyme s o lu t io n  

was d ia ly zed  fr e e  o f  ammonium s u l f a t e , and then taken  to  dryness in  a 

d ia ly z in g  hag. The enzyme s o lu t io n , b efore  d ry in g , had a t o t a l  a c t iv i t y  

o f  58 ,000 alpha u n it s .  T his y ie ld e d  3 .4  grams o f  dry enzyme p rep ara tion , 

th e r e fo r e , th e enzyme p reparation  had an a c t iv i t y  o f  17 ,350  u n its  per gram 

b efore d ry in g . The dry m ateria l had an a c t iv i t y  o f  14 ,300 u n its  per gram, 

a lo s s  o f  3 ,050 u n its  on d ry in g . K jeld ah l n itro g en  a n a ly s is  o f  the dry 

con cen trate  in d ic a te d  12 .15  per cent n itr o g e n .
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TABLE I

OPTIMUM TEMfEHATUEE FOR ABSORPTION 
( 5 £ wet mycelium p e r  100 ml o f  m edia) 

Assumed, o p t. pH5 from  p re lim in a ry  r e s u l t s

T em perature 0C o f  T ota l Amylase 
A dsorbed

25
30
35
40

77
86
97
96

TABLE I I

OPTIMUM pH FOE ADSORPTION
(5  wet mycelium p e r 100 ml o f  m edia)

Tem perature o f  a d s o rp tio n  37vO

pH 56 o f  T o ta l  Amylase 
Adsorbed

4 .5 0 66
4 .7 5 66
5 .00 93
5 .50 72
6 .00 70



TABLE I I I

INITIAL PURIFICATION SCHEME

FRACTION
AMYLASE
u nits/ ml

% AMYLASE 
OF ORIG.

CONC. BY 
ACTIVITY

KJELDAHL 
NITROGEN

mg/ ml

% KJELDAHL 
NITROGEN 
OF ORIG.

LIMIT
DEXTRINASE
HYDROL/ML

% LIMIT 
DElBTRINASE 

OF ORIG.
(A) Mold f i l t r a t e  
as grown (20 l i t e r s ) 1 .50 100 0 .1475 100 2 .01 100

(B) F i l t r a t e  from 
A a f t e r  mycelium  
ad sorp tion  (20  l i t e r s ) 0 .22 0 .1380 1 .90

(C) E lu tio n  l iq u id  
from mycelium adsorp­
t io n  (550 ml) 4 3 .0 7 8 .5 2 9 .0 0 .8 5 5 15 .9 5.67 7 .7 5

(D) F i l t r a t e  from C 
a f t e r  second mycelium  
ad sorp tion  (550 ml) 0 .32 0 .2 5 5 4 .5 0

(E) E lu tio n  l iq u id  
from second mycelium  
ad sorp tion  D (200 ml) 110.0 7 3 .5 7 3 .0 1 .80 12.2 1 2 .5 6 .2

(F) Vacuum d i s t i l l e d  
cone. 6 .4  more t im e s ; 
Uo measurable lo s s  in  
a c t iv i t y 700 .0 7 3 .5 465 .0
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ADDITIONAL ADSORPTION DATA
Performed on Separate Grown B o tt le s  

(lO l i t e r  q u a n t it ie s )

Bun N o . % Beoovery C oncentration
(tim es by a c t i v i t y)

I . 75 15

2 . 80 16

3 . 60 19

4 . 75 37

5 . 74 32

6 8 —

7 . 41 1 5 .5

8 . 27 14

9 . O —

1 0 . 46 2 2 .3

11 . 52 26

12 . 62 31

13. 90 25

14. 78 34

15. 85 35
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TABLE V

MOST SUCCESSFUL PURIFICATION SCHEME

FRACTION AMYLASE
u n it s / ml

j % SMYLA3E 
OF ORIG.

CONC. BY ‘ 
ACTIVITY

( a) Mold F i l t r a t e  (100 l i t e r s ) 1 .4 4 100 ——

(B) E lu tio n  L iq u id  2 .5  l i t e r s ) 4 1 .5 72 29

(C) F i r s t  Ammonium S u lf a te  P re c ip ­
i t a t e  D isso lv e d  in  D i s t i l l e d  
W ater to  Volume o f  (950 ml)

9 2 .5 61 64

(D) Second Ammonium S u lf a te  P re c ip ­
i t a t e  D isso lv e d  in  D i s t i l l e d  
W ater to  Volume o f  ( l8 0  ml)

458 57.2 318

(E) T h ird  Ammonium S u lf a te  P re c ip ­
i t a t e  D is so lv e d  in  D i s t i l l e d  
W ater to  Volume o f  (50 ml)

1 ,560 54 1,080

(F) A f te r  B e n to n ite  A d so rp tio n  to  
Remove L im it D e x tr in a se  (50 ml) 1 ,380 48

(G) F o u rth  Ammonium S u lf a te  P re c ip ­
i t a t e  D isso lv e d  in  D i s t i l l e d  
W ater to  Volume (50 ml)

1 ,350 47

" I

(H) F i f th  Ammonium S u lf a te  P re c ip ­
i t a t e  D isso lv e d  in  D i s t i l l e d  
W ater to  Volume (50  ml)

1 ,160 40 .2 ——

( l )  F ra c t io n  (H) D ia ly zed  Free o f  
Ammonium S u l f a t e , Taken to  Dry­
n e ss  in  D ia ly z in g  Bag (3 .4  gram s)

17,350 U n its /g ra m , 
14,300 U n its /g ra m ,

wet B ases 
d ry  B ases

ANILYSIS OF FRACTION (H)

P r o te o ly t io  A c t iv i ty

M altase  A c t iv i ty

L im it D e x tr in a se  A c t iv i ty

Trace o f  O r ig in a l  

0 .1 #  o f  O r ig in a l  

0 .05#  o f  O r ig in a l
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V II. DISCUSSION

The emphasis o f  the in v e s t ig a t io n  on the present problem was con fin ed  

to  experim ental work on methods o f  con cen tra tion  and p u r if ic a t io n  o f  the  

amylase obtained from a submerged cu ltu re  o f  A sp erg illu s  oryzae.

One o f  the most im portant fa c to r s  in  t h i s  in v e s t ig a t io n  th at d eserv es  

a tte n t io n  and s t i l l  i s  u n so lved , i s  the large  v a r ia tio n  in  the amount o f  

amylase th a t the mold mycelium adsorbed, (0 -9 0 $ , Table IV ). For a time 

t h i s  adsorption  appeared very  uniform and averaged 73 per c en t, then fo r  

no apparent reason poor r e s u lt s  were ob ta in ed . The m edia, rate o f  a ir  

f lo w , and growth co n d itio n s  were in  each case as uniform  as p o s s ib le .

This b rin gs up the q u estio n , "Why do th ese  v a r ia tio n s  occur?" As the in ­

v e s t ig a t io n  progressed  sev era l p o s s i b i l i t i e s  presented  th em se lv es:

I .  S a lt  con cen tra tion

At the beg inn ing  o f  t h i s  p r o je c t , a s a l t  mixture was prepared which 

contain ed  50# KH2PO4 $ 25# MgSO4t 2 3 .5 #  KCl; 0 .5 #  FeSO4 .TBgO; 0 .5 #  ZnSO4 .TEgO;

0 .5 #  CuSO4 . 5H20 , The medium used was made up o f 0 .1  per cent by w eight o f  

t h i s  s a l t  m ixture. S ince t h is  m ixture was not b a l l  m il le d , i t  seems very  

l i k e l y  th a t the elem ents present in  tra ce  amounts (FeSO4 eTH2O; ZnSO4 eTH2O; 

CuSO4 *SHgO) may not have been d is tr ib u te d  hom ogeneously. F oster (6 )  

s t a t e s  th a t th ese  elem ents are probably t i e d  up w ith  some enzyme system  

o f  the mold. Too much or too  l i t t l e  o f  th ese  elem ents may have in t e r ­

fered  w ith  the production  o f  the c h a r a c te r is t ic  property  o f  the mold 

mycelium th a t tak es part in  the a d so rp tio n . A p ro te in  a n a ly s is  was per­

formed on sev e r a l batch es o f  mycelium. I t  was found th a t the good 

adsorbing mycelium had much lower p ro te in  content than th e myoeIium



t h a t  d id  n o t a d so rb . F o s te r  (6 ) s a id  t h a t  th e  p r o te in  c o n te n t o f  th e  my­

celiu m  i s  in v e r s e ly  p ro p o r t io n a l  to  th e  amount o f  z in c  p r e s e n t .  T h e re fo re , 

a  s e r i e s  was ru n  by v a ry in g  th e  z in c  c o n c e n tr a t io n s ,  k e ep in g  a l l  th e  o th e r  

s a l t  c o n c e n tra t io n s  c o n s ta n t .  The r e s u l t s  o b ta in e d  a t  t h i s  tim e in d ic a te  

t h a t  t h i s  m ight be th e  l im i t in g  f a c t o r  b u t checks must be ru n  on t h i s  io n .  

The p o s s i b i l i t y  o f  FeSO^eTHgO and CuSO^e5Hg0 have n o t been checked.

2 . B en to n ite

A nother p o s s i b i l i t y  f o r  e x p la in in g  th e  v a r i a t io n  in  th e  a d so rp tio n  

i s  th e  b e n to n i te  c o n c e n tra t io n  o f  th e  seed  c u l tu r e s  u sed  t o  in o c u la te  th e  

m ed ia . A lthough th e  b e n to n ite  was alw ays added in  c o n s ta n t  amounts by 

w e ig h t, i t  was n o t o f  u n ifo rm  p a r t i c l e  s i z e .  I t  was n o t ic e d  th a t  d i f f e r ­

e n t  amounts o f  b e n to n i te  had a d e c id e d  e f f e c t  on th e  shape o f  th e  m ycel­

ium p a r t i c l e s .  Large amounts made th e  mycelium ta k e  on a s t r in g y  ap p ea r­

a n c e , w h ile  s m a l le r  amounts made th e  m ycelium  ta k e  on th e  shape o f  t i n y  

b a l l s  w ith  t e n t i c l e s  coming out o f  th e  c e n te r .  The amount o f  su rfa c e  

a v a i la b le  f o r  a d s o rp tio n  may he t i e d  up w ith  t h i s  f a c t o r .  I t  app ears  

as  though an in te rm e d ia te  form betw een s t r i n g s  and b a l l s  g iv e s  th e  b e s t  

a d s o r p t io n .  F u r th e r  work must he done on t h i s  to  e s t a b l i s h  the  in f lu e n c e  

o f  b e n to n i te .

3 . pH

I t  was observed  by k eep in g  a re c o rd  o f  the pH o f  th e  grow ing m edia 

t h a t  whan th e  pH tu rn e d  a lk a l in e  in  a s h o r t  p e rio d  o f tim e  (24-28 

h o u r s ) ,  th e  mycelium adsorbed  th e  am ylase on alm ost e v e ry  o c c a s io n , how­

e v e r ,  i f  th e  m edia s ta y e d  on th e  a c id  s id e  from 96-120 h o u rs , no ad so rp ­

t i o n  to o k  p la c e .  T h is  in d ic a te s  t h a t  th e re  must be some r e a c t io n  ta k in g
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p la c e  in  th o  grow ing myoelim which d e c id e s  th e  cou rse  e a r ly  in  th e  g row th . 

A r t i f i c i a l l y  c o n tr o l le d  pH d id  n o t prove s u c c e s s fu l ,

4 . M u ta tion

The p o s s i b i l i t y  o f  m u ta tio n  cannot he o v e rlo o k ed . F o s te r  (6 ) has 

s t a t e d  th a t  th e  e lem en ts  o f  z in c  and copper induce m u ta tio n s  to  fu n g i 

u n d e r c e r t a in  c o n d i t io n s .  However, t h i s  p o s s i b i l i t y  f o r  p ro d u c in g  my­

celium  w ith  p r o p e r t i e s  w ith  d i f f e r e n t  c h a r a c t e r i s t i c s  i s  u n l ik e ly .  Cul­

tu r e s  p re se rv e d  f o r  tw elve  months u n d e r p a r a f f in  o i l  d id  n o t g ive any 

d i f f e r e n t  r e s u l t s  th a n  th o se  r e p e a te d ly  t r a n s f e r r e d  a t  r e g u la r  i n t e r v a l s .

5 . I n c r e a s in g  tho  amounts o f  mycelium

I t  was observed  th a t  when th e  p ro p o r t io n  o f myoelim was in c re a s e d , 

th e  amount o f  enzyme adso rbed  a ls o  in c r e a s e d .  C a lc u la t io n s  were n o t 

made to  d e te rm in e  i f  th e  law s o f a d s o rp tio n  ho ld  t r u e .  The emphases o f  

t h i s  p a r t  o f  th e  in v e s t ig a t i o n  was to  c o n c e n tra te  th e  enzyme as much as 

p o s s ib le ,  th e r e f o r e ,  c o n c e n tra t io n  o f  f i f t y  tim es by volume was a r b i t r a r i l y  

ta k e n  and a l l  a d s o rp tio n s  c a r r ie d  ou t and c a lc u la te d  on t h a t  b a s i s .  There 

i s  no q u e s tio n  h u t th a t  t h i s  oould he in c re a s e d  c o n s id e ra b ly  i f  concen­

t r a t i o n s  o f  f i f t y  f o ld  by volume were n o t d e s i r e d .  In  g e n e r a l ,  an in ­

c re a se  o f  $0 p e r  cen t in  a d so rp tio n  was o b ta in e d  when th e  amount o f  

mycelium u sed  was t r i p l e d .  However, t h i s  would mean th a t  i t  oould on ly  

he c o n c e n tra te d  a p p ro x im a te ly  18 tim e s  an d , th e r e f o r e ,  th e s e  c o n ce n tra ­

t i o n s  were n o t ru n .

I t  i s  b e l ie v e d  th a t  c r y s t a l s  o f  th e  enzyme oould  he o b ta in e d  by th e  

p ro ced u re  o u t l in e d ,  p ro v id ed  th a t  a  la rg e  enough q u a n t i ty  o f  mold f i l ­

t r a t e  was a v a i l a b le  a t  one tim e . T h is  would e l im in a te  s to r in g  u n t i l
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th e  d e s i r e d  q u a n t i ty  was a v a i l a b l e . L osses in  a c t i v i t y  due to  contam ina­

t i o n  and a , w e r e  c o n s id e ra b le  o v er lo n g  p e r io d s  o f  t im e . F u rth e rm o re , 

th e  p r o p e r t i e s  o f  th e  enzyme m ight change on ex tended  s to r a g e .
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V II I .  SUUMAEY

1. A method waa p re s e n te d  f o r  c o n c e n tra t in g  the  am ylase from  a submerg­

ed c u l tu r e  by a d so rb in g  on o n e - f i f t h  th e  mycelium p r e s e n t , e lu t in g  

and re c o v e r in g  in  a  c o n c e n tra te d  form  from  20-40 tim e s  th e  o r ig in a l  

a c t i v i t y  in  onu s t e p ,  th u s  e l im in a t in g  th e  c o s t ly  p ro ced u res  u s u a l ly  

e n c o u n te re d .

2 . A method was p re s e n te d  whereby c o n c e n tra te d  fu n g a l a m y lo ly tic  l iq u o r s  

can be f u r t h e r  c o n c e n tra te d  from  2 -3  tim e s  ( y ie ld in g  a  t o t a l  concen­

t r a t i o n  o f  60-120 tim e s  th a t  o f  th e  o r ig in a l )  by a  s im p le  p rocedure  

o f  a second  a d s o rp tio n  on th e  mycelium fo llow ed  by e l u t io n .

3 . A method was p re s e n te d  whereby th e  fu n g a l c o n c e n tra te  (60-120 tim es  

o r ig in a l )  can be f u r t h e r  c o n c e n tra te d  6-10 tim e s  g iv in g  a  f i n a l  con­

c e n t r a t io n  o f  360-1200 tim es th e  o r ig i n a l  c u l tu re  l iq u o r  "by a  p ro c e ss  

o f  vacuum d i s t i l l a t i o n .

4 . A method was p re s e n te d  whereby c o n c e n tra te d  fu n g a l am ylase can be 

f u r t h e r  c o n c e n tra te d  and p u r i f i e d  by f r a c t i o n a l  p r e c ip i t a t i o n  w ith  

ammonium s u l f a t e , a lo n g  w ith  a  b e n to n i te  a d s o rp tio n .
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