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A. INTRODUCTION 

, 
T r i t i c a l e ,  which is a hybrid of Secale cereale( rye)  and Triticum 

species ,  had been successful ly  synthesized by Rimpau i n  1888 (96). I n  

s p i t e  of the e a r l y  synthes is  of t h i s  hybrid species ,  very few biochemical 

charac te r i za t ions  of t h i s  new genome combinant had been undertaken u n t i l  the 

l a s t  decade. A few fundamental aspects  of such a genome combination have 

been inves t igated  i n  some d e t a i l  recent ly .  

Chromosome doubling may be induced experimentally by t r e a t i n g  c e l l s  

during d iv i s ion  wi th  an a lka lo id ,  colchic ine  . When a t e  t r a p  l o i d  wheat , 

Triticum durum (AABB), is crossed with d ip lo id  rye ,  Secale cerea:Le (RR), 

a zygote wi th  genome c o n s t i t u t i o n  of ABR is  formed. Upon treatment of 

ehir rcygotr with oolahicine,  the chromoeomee in  the eygote are induced 

t o  double and consequently a f e r t i l e  hexaploid syn the t i c  spec ies ,  T r i t i c a l e  

(AABBRR) is produced. The octaploid  T r i t i c a l e  has been synthesized i n  the . 

same way by combining the d ip lo id  rye genomes wi th  the genomes of hexaploid 

wheat, e.g. Triticum vulgare,  

Inveet igat ions  concerning the influence of genome combinations on 

p ro te in  syn thes i s  i n  c e r e a l s  by Yong and Unrau (146) revealed t h a t  the 

b iosynthet ic  p o t e n t i a l  of the a l i e n  genome8 i n  the syn the t i c  spec ies ,  

T r i t i c a l e ,  was n o t  f u l l y  maintained. The quest ion consequently arose 

whether the b io log ica l ly  a c t i v e  enzymes i n  a l i e n  genome combinants have 

the same c h a r a c t e r i s t i c s  a s  those i n  the p a r e n t a l  species.  It had e a r l i e r  

been demonstrated t h a t  a number of e lec t rophore t i c  (146, 147) d i f fe rences  

i n  ' s torage '  p ro te ins  e x i s t e d  i n  the synthesized species  when compared to  

the  p a t t e r n  of the  p a r e n t a l  species.  The p o s s i b i l i t y  therefore  ex i s t ed  

t h a t  'hybrid' f o r m  of the  amylases might be generated i n  t h i s  new genomic 
! 



environment. I n  order t o  invest igate  t h i s  problem, i t  was necessary t o  

i s o l a t e  the requisi te enzymes from these species and proceed to compare t h e i r  

physical and chemical propert ies.  

Since cereal8 are a good oource of alpha- and beta-omylaeec, t h i s  

was a fu r ther  f ac to r  why they were chosen a s  the representa t ive  enzymes 

i n  the present s tudies .  I n  t h i s  invest igat ion,  the i so l a t i on ,  pu r i f i c a t i on  . 4 ... . 

and character izat ion of alpha- and beta-amylases a s  they occured i n  the 

hexaploid syn the t ic  species ,  T r i  t i c a l e  (AABBRR) , and the two parenta l  

species,  rye (RR) and durum wheat (AABB) a re  described i n  some de t a i l .  

Certain kine t i c  aspects and other  charac te r i s  t i c s  of the amylases have 

a l so  been e.tudied on a comparative basis .  



B . LITERATURE REVIEW 

The vas t  amount of basic knowlkdge stemming from the recent s tud ies  

of biochemical genetics and biosynthesis is cer ta in ly  a great  s c i e n t i f i c  

accomplishment. Considerable research has been carr ied out  on the synthesie 

and character izat ion of new plant  species which a r e  comprised of a l i en  

genomes. Of the synthet ic  ce rea l  species,  T r i t i c a l e  was the f i r s t  successfully 

produced by Rimpau a s  ea r ly  a s  1888. It is a hybrid of Secale cereale (rye) 

and Triticum species (wheat). Since then, intensive research has been 

car r ied  out by cy to log is t s  and cytogenet ic is ts  with the aim of re f in ing  the 

development of these synthet ic  species both i n  octaploid and the hexaploid 

levels.  Biochemical character izat ion of these synthet ic   specie,^ has been 

a t  tempted i n  some d e t a i l  only i n  recent years. 

A. Kowarski (65) and 0. Moritz (79) reported the existence of 

serological  s i m i l a r i t i e s  and d i s s imi l a r i t i e s  between prote ins  extracted 

from rye,  wheat and the synthet ic  rye-wheat species. 0. Hall (43) reported 

the r e s u l t s  of immunoelectrophoresis s tud ies  on the octaploid T r i t i c a l e  and 

the parental  species. He found tha t  the i n t eg r i t y  of the rye genome was 

generally maintained i n  the hybrid epecies. 

Recently, Unrau and Vaisey (135) and Unrau and Jenkins (134) have made 

comparative s tud ies  of the mill ing,  baking and some physical and compositional 

charac te r i s t i cs  between T r i t i c a l e  (rye x wheat) and the parental  species. 

They a t t r ibu ted  some observed differences i n  these cha rac t e r i s t i c s  i n  

T r i t i c a l e  t o  the influence of the rye genomes. 

Yong and Unrau (146) have compared the e lectrophoret ic  mobility 

patte'rns of the prote ins  extracted from the parental  species. They 

observed many s i m i l a r i t i e s  but a l so  some notable d i s s imi l a r i t i e s  between 

these patterns.  They suggested t ha t  the parent genome8 were unable to  

maintain t h e i r  b iorpnthet ic  po ten t ia l  f u l l y  when i n  intimate association 



i n  a hybrid species,  and the existence of some form of in te rac t ion  

between the two parental  genome5 i n  the hybrid specie8 apparently gave 

rime to new intermediate producrr. 

I n  the l a s t  decade, biochemical genetics and biosynthesis have 

become rcien t i f  i c a l l y  fashionable. The investigation! . , .  on the . gene t i c  

control  of normal hemoglobins i n  humans has contributed great ly  toward 

the e lucidat ion of the problem of gene act ion (51, 52, 53). D. Schwartz 

(107, 108, 109) reported tha t  a hybrid es te rase  was found i n  addit ion t o  

the two parental  types i n  the heterozygotes of maize. Thir new hybrid 

enzyme had an intermediate e lect rophoret ic  migration r a t e  between the two 

parental  types. K. Oda e t  a l .  (90) synthesized a new k o j i  mold with 

intermediate cha rac t e r i s t i c s  re la ted  t o  enzyme formation. The enzyme 

leve ls  were c l a s s i f i e d  i n t o  two groups: ( i )  the s t r a i n s  having intermediate 

a c t i v i t i e s  involving the gene from both parental  species,  ( i i )  the s t r a i n s  

inher i t ing  the gene from only one of the parents. 

P.M. Harney e t  a l .  (45) i so la ted  a substance, which was considered 

the r e s u l t  of gene interact ion i n  the heterozygous individuals,  from 

the flower ex t rac t8  of in te rspec i f ic  hybrids of Lotus species. More 

recent ly ,  R.E. Alston e t  a l .  (2) have studied the hybrid compounds i n  

na tura l  i n t e r spec i f i c  species and concluded tha t  t ruely  hybrid coinpounds 

might be produced i n  i n t e r spec i f i c  hybrids. 

Amylases a re  among the e a r l i e s t  known enzymes. Alpha-amylase i n  

wheat ex t rac t s  was described ea r ly  i n  1811 by Kirchhoff (60) a s  t'he factor  

responsible fo r  the diges t ion of starch.  Amylases are  d i s t r ibu ted  widely, 

perhaps univerra l ly ,  throughout the animal, p lan t  and microbial kingdoms. 

Amylases were found to  at tack.  polysaccharides i n  d i f f e r en t  *manners. 

By d i f f e r en t i a t i on  of t h e i r  a c t i v i t i e s ,  E. Ohlseon (91, 92) ca l led  alpha- 



amylase the  dextr inogenic amylase and beta-amylase the saccharogenic 

amylase. The methods f o r  s e p a r a t i o n  of alpha- and beta-amylases by hea t  

treatment t o  des t roy beta-amylase and ac id  treatment t o  des t roy alpha- 

amylase reported by Kneen e t  a l .  (64) became very use fu l  and v e r s a t i l e  

i n  the p u r i f i c a t i o n  s t eps .  

During the  l a s t  few decades, h ighly  p u r i f i e d  and c r y s t a l l i z e d  

amylases were obtained from sources such as human s a l i v a  (74, 82) ,  human 

pancreas (28), Bac i l lus  s u b t i l i s  (27, 42, 75, 125), Pseudomonas 

saccharophila  (71), ba r l ey  malt (112), wheat (76), sweet po ta to  (6 ,  7, 23, 

24), soybean (34), broad beans (39) e t c .  The cha rac te r i za t ions  of amylases 

from these var ious  sources have been we l l  described. 

Alpha-amylases and beta-amylases i n  wheat and rye  i n  p a r t i c u l a r  have 

been s tudied  by many i n v e s t i g a t o r s ,  e.g. K.H. Meyer e t  a l .  (76), N.M. Naylor 

(84), E. Ohlsson e t  e l .  (93, 125), P.S. Ugrumow (133), E . V .  Rowsell ( lob) ,  

T.B. Darkanbaev e t  a l .  (17, l 8 ) ,  B.A. Stewart(  127). So f a r  only one form 

of alpha-amylase was found i n  each source. K.H. Tipples e t  a l .  (131, 132) 

r ecen t ly  i s o l a t e d  th ree  components of beta-amylases from wheat by means 

of ion-exchange chromatography. 
I I 

b The inher i t ance  of  f r e e  beta-amylase i n  56 ba r l ey  v a r i e t i e s  has 

i r e c e n t l y  been inves t iga ted  by V.M. Bendelow (8). He repor ted  t h a t  the 

I l e v e l  of beta-amylase was con t ro l l ed  by a s i n g l e  gene-pair wi th  incomplete 

I 
., dominance, The l e v e l  of f r e e  ( i . e .  water so luble)  beta-amylase a c t i v i t y  is 

1 apparent ly  i n h e r i t e d  independently of t o t a l  beta-amylase a c t i v i t y  (8) .  
I 

i Gibbere l l ins  have been found i n  p l a n t s  and t h e i r  a c t i v i t i e s  have 
I 

I 
I been shown t o  be hormonal i n  na ture .  The e f f e c t s  of g i b b e r e l l i c  ac id  on 

theproductionofalpha-amylaseingeminatingbarleyandwheatseeds 
I 
1 has been r a t h e r  ex tens ive ly  inves t iga ted  (20, 32, 122), and the general  

g i b b e r e l l i c  ac id-contro l led  syn thes i s  of alpha-amylase i n  c e r e a l  endosperm 

had been s t u d i e d - i n  p a r t i c u l a r  (80, 97, 136, 137, 142). 
i 



An amylase-activating substance was extracted from barley green 
, 

malt by J. Yomo (143). Its chemical properties were found to be similar 

to those of the hormone gibberellin. Since the amount of gibberellin was 

found to increase in the germinating grains (101), it was then proposed 

that gibberellin promoted the activation of alpha-amylase during germination 

(123, 145). The activity of gibberellic acid had been attributed to 

neutralization of a growth-inhibitory system which normally limited growth 

(15). The discovery of gibberellin-like hormones in seeds of several 

plant species ( 9 8 ) ,  in shoots and roots of pea seedlings (100) and the 

demonstration of the chemical relationship of these hormones to gibberellic 

acid by the isolation of gibberellin A1, which is a dihydro-derivative 

of gibberel l ie  aaid (70), oupported the above cuggsstions, A number of  

plant physiologists are now investigating this problem and in particular 

at tempting to determine the mechanism of the apparent hormone-media ted 

. development of alpha-amylase during germination of cereals. 



C. EXPERIMENTAL METHODS AND RESULTS 

I. DEVELOPMeNT OF ALPHA-AMYLASES DURING GERMINATION 

The reeds of a hexaploid rynthet ic  apecies, T r i t i c a l e  (AABBRR), 

and i ts parental  species,  a t e t rap lo id  wheat (Stewart durum AABB) and 

P ro l i f i c  rye (RR) were employed fo r  these studies.  A l l  the seeds were 

harvested i n  1964 and s tored i n  a re f r igera tor  a t  4 ' ~ .  

The moisture content of the seeds was found to  be 13%. Seeds were 

a t e r i l i z e d  by steeping i n  8OX e thy l  alcohol fo r  two minutes, followed by 

a few r inses  with water. The seeds were consequently steeped i n  s t e r i l i z e d  

water f o r  two hours, then placed between wet f i l t e r  papers i n  p e t r i  dishes 

i n  order f o r  germination t o  proceed a t  room temperature (25 '~) .  After 

germinating fo r  a ce r t a in  period of time, the malted grains were removed 

and pressed gently between f i l t e r  papers. The length of the sprouts and 

roots  was measured, followed by a i r  drying a t  2 5 ' ~  fo r  two days. The 

mater ia l  was subaequently ground i n t o  f lour  i n  an experiment m i l l .  

S. Hagberg's modified Wohlgemuth method fo r  determination of alpha- 

amylase a c t i v i t y  of wheat and rye (41) was followed with minor a l te ra t ions .  

A buffered l i m i t  dextr in  subs t ra te  was prepared according t o  Cereal Laboratory 

Methods a s  follows: A suspension of 5.00 gm (dry weight) soluble s ta rch  

i n  d i s t i l l e d  water was poured slowly i n t o  boi l ing water (400 ml) with 

s t i r r i n g .  After bo i l ing  fo r  one minute, the 'suspension was allowed to  

cool t o  room temperature. Acetate buffer  (25 m l ) ,  which contained 3 m l  

of g l ac i a l  a ce t i c  acid  and 4.1 gm of sodium aceta te ,  was added t o  the 

s ta rch  solution.  Beta-amylase (250 mg) was dissolved i n  10 m l  of d i s t i l l e d  

water and mixed with the s ta rch  solution.  The volume was made up to  500 m l  

and s tored a t  2 5 ' ~  f o r  not lea8 than 18 hours nor more than72 hours before 

being used. 
\ 



A stock iodine solut ion was made by dissolving 5.50 gm iodine 

cryrrtals and 11.0 gm potassium iodlide i n  250 m l  d i s t i l l e d  water, and stored 

i n  darkness, This solut ion was prepared monthly. 

b i l u t s  iedins  r e lu t i en  wae made d a i l y  by d i eea lv ing  49 gm petassium 

iodide i n  water which contained 4.3 m l  of stock solut ion and the volume 

wan made to  1000 m l .  

Flour samples (5 gm) were extracted with 100 m l  of 0.2% calcium 

chloride solut ion f o r  one hour a t  2 5 ' ~  with congtant shaking. After 

centrifuging a t  19,000 rpm for  10 minutes a t  ~ O C ,  the supernatant was 

di luted su i tab ly  with 0.2% calcium chloride solut ion t o  give the 

appropriate alpha-amylase ac t i v i t y .  That is, the d i f f e r en t  amounts of 

enzyme solut ions ,  namely 30 m l  f o r  the ungerminated sample, 5 m l  f o r  the 

sample which had been germinated fo r  one day and two days, 2.5 m l  fo r  

the sample which had been germinated fo r  three and four days, were 

di luted t o  a t o t a l  volume of 100 m l ,  respectively.  

A blank f o r  zero time (Bo) was prepared by mixing 1 m l  of 0.27. 

calcium chloride,  10 m l  of d i l u t e  iodine solut ion and 40 m l  of d i s t i l l e d  

water. 

A blank f o r  the s ta r t ing-poin t  (BS) was made by mixing 10 ml of 

d i l u t e  iodine solut ion,  40 m l  d i s t i l l e d  water and 1 m l  of a mixture 

consis t ing of one p a r t  buffered l i m i t  dextr in  subs t ra te  and three p a r t s  
. i ... 

of 0.2% calcium chloride solution.  

When a l l  the reagents were brought t o  2 5 ' ~ ~  the period of h a l f - l i f e ,  

t#, was determined a s  described below. The absorbance of the blank fo r  

the s tar t ing-point ,  Bas was measured a t  575 my when the blank solut ion 

(Bo) gave an absorbance of zero. A solut ion of buffered l i m i t  dextr in  

(10 m l )  war mixed with 30 m l  of su i tab ly  d i lu ted  enzyme extract .  After 

four or more appropriate hydrolysis times (e. g. 5, 10, 20 and 30 minutes), 

i' 

< 



one m l  of the hydrolys is  mixture was t r ans fe r red  t o  a so lu t ion  containing 

10 m l  d i l u t e  iodine so lu t ion  and 40 m l  d i s t i l l e d  water by means of a 
I 

fas t -del ivery  p ipe t t e .  The absorbance of the hydrolysate-iodine so lu t ion  

was measured a t  575 mp. The absorbance reading for  Bs (Eo = the absorbmance 

a f t e r  zero time) and the  readings a f t e r  four d i f f e r e n t  time i n t e r v a l s  (Et = 

the absorbance a f t e r  t minutes) were p l o t t e d  on semilogarithmic paper and 

should c o n s t i t u t e  a s t r a i g h t  l ine .  The h a l f - l i f e  ( the  time required f o r  

one-half of the  buffered l i m i t  dex t r in  t o  be d iges ted  by alpha-amylase) 

was evaluated from the  i n t e r s e c t i o n  of the  above l i n e  and the  hor izon ta l  

l i n e  f o r  h a l f  of the  absorbance f o r  Bs. 

The period of h a l f - l i f e  (4) i n  minutes could a l s o  be ca lcula ted  

from the formula: 

Eo log Eo - log  
t 4 ' t X  

log  Eo - log  E t  

- t x  0.301 

log  Eo - log  Et 

The alpha-amylase u n i t  is defined a s  number of grams of soluble  s t a r c h  

dextr in ieed by one gram of malt per  hour. It can be ca lcu la ted  by us ing the 

following formula (105): 

Alpha-amylase u n i t  = weight of s t a r c h  (gm) x 60 
w t .  of malt (gm) x dex t r in iza t ion  time (mine)- 

The r e s u l t s  of development of alpha-amylases during germination 

a r e  shown i n  Table 1 and g raph ica l ly  i n  Fig. 1. 

The length  of sp rou t s  and r o o t s  a r e  indicated  i n  Table 2 a s  average 

values of ten measurements. 
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Table 2: Growth of sprouts and roots . * . i . .  . 

- 

Samp l e  Gennina tion Time 
1 day 2 days 3 days 4 days 

Sprout length, mm. 1 6 14 2 3 
Durum 

Root length, mm. 4 14 2 9 3 9 

Sprout length, m. 2 8 17 28 
Tri ticale 

Root length, nun. 6 28 3 7 51 

Sprout length, ma. 4 10 19 3 1 

Rye 
b e t  length, mm. 10 . 29 42 5 6 



Fig. 1: Development of alpha-amylases during germination 
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11. EFFECTS OF POTASSIUM GIBBERELLATE ON THE DEVELOPEENT OF -- 
ALPHA-AMYLASES DURING GERMINATION 

Gibbere l l i c  ac id  (75% potassium s a l t )  was purchased from Nutri. t iona1 

Biochemicals Corpora t i o n ,  Cleveland, Ohio. 

The seeds of syn the t i c  spec ies ,  T r i t i c a l e ,  and i ts pa ren ta l  species  

were s t e r i l i z e d  a s  described i n  the previous sec t ion .  After  a few rinses 

with water ,  the  seeds were steeped i n  0.005% potassium gibbere l l a  t e  

so lu t ion  (w/v) f o r  two hours,  Then germination was allowed t o  proceed 

between wet f i l t e r  papers i n  p e t r i  d ishes  a t  room temperature, 2 5 ' ~ .  

The 0.0057. potassium g i b b e r e l l a t e  so lu t ion  was sprayed i n t o  the p e t r i  

d i shes  occaeional ly  during the germinating period,  When germinated f o r  

one day, two dayo, three days and four days in each case, the malted 

g ra ins  were a i r - d r l e d  a t  room temperature f o r  two days followed by 

grinding i n t o  f l o u r  i n  an experimental m i l l .  

The method f o r  determination of a c t i v i t i e s  of alpha-amylases was 

e x a c t l y  the same a s  described previously i n  Section I. 

The r e s u l t s  of e f f e c t s  of potassium g i b b e r e l l a t e  on the development 

of alpha-amylaoes during germination of seeda a r e  shown i n  Table 3 and 

Fig. 2. 

The length  of  sp rou t s  and r o o t s  a r e  recorded i n  Table 4 a s  average 

values  of ten  measurements. 





I 

Table 4: Effects of potassium gibberellate on growth of 

mprour8 and root8 

Sample 
Germination Time 

1 day 2 days 3 days 4 days 

Sprout length, mm. 2 9 19 
Durum 

Root length, m. 4 17 32 

Sprout length, nrm. 3 6 2 2 3 6 
Tritlcale 

Root length, m. 6 32 44 61 

Sprout length, mm. 5 
Rye 

Root length, mm. 10 



Fig. 2: Effect8 of gibberellic acid on production of alpha-amylases 
I 

1 2 3 4 !5 Days 

Germination Time 



111. ISOLATION AND PURIFICATION OF AMYLASES 
, 

(a) ISOLATION AND PURIFICATION OF ALPHA-AMYLASES 

The i n i t i a l  s t e p s  i n  the  p u r i f i c a t i o n  of alpha-amylases were c a r r i e d  

o u t  according t o  the  procedure developed by S. Schwimmer and A.K. Ba l l s  

(112) wi th  some modificat ions.  Gel f i l t r a t i o n  on Sephadex was subsequently 

employed i n  the f i n a l  s t e p s  of p u r i f i c a t i o n .  

The seeds which had been germinated between w e t  f i l t e r  papers i n  

p e t r i  d i shes  f o r  three  days were d r i ed  i n  a i r  and ground i n t o  f l o u r .  

The f l o u r  sample (60'gm) was added t o  300 m l  of 0.2% (wlv) calcium 

chlor ide  s o l u t i o n ,  pH 5.5, wi th  cons tant  s t i r r i n g  f o r  an hour. The 

mixture was allowed t o  s tand overnight  a t  room temperature. The res idue  

was removed by cen t r i fuga t ion  a t  19,000 rpm f o r  30 minutes a t  4 O C .  

After  the  supernatant  was heated a t  70•‹C f o r  15 minutes t o  des t roy the 

beta-amylase, the  p r e c i p i t a t e  t h a t  formed was removed by cen t r i fuga t ion  

a t  4OC. A l i g h t  brown s o l u t i o n  containing alpha-amylase was obtained.  

(Assay 1) .  . 

Satura ted  ammonium s u l f a t e  s o l u t i o n  (pH 5.5) ,  which had been 

previous ly  cooled t o  4OC, was added dropwise from a separa tory  funnel  

wi th  cons tant  s t i r r i n g ,  u n t i l  a  50% s a t u r a t i o n  po in t  was reached. The 

p r e c i p i t a t e  was c o l l e c t e d  by cen t r i fuga t ion  and d issolved i n  a  small  

amount of d i s t i l l e d  water.  S a l t s  i n  the crude enzyme s o l u t i o n  were 

removed by d i a l y s i n g  overnight  a g a i n s t  very d i l u t e  a c e t a t e  buffer  

(1/1000 a t  pH 5.6). (Assay 2) .  

The volume of the  enzyme s o l u t i o n  was made up t o  100 ml. wi th  

d i s t i l l e d  water.  The p r o t e i n s  were f r ac t iona ted  by adding cold  acetone 

( -10 '~)  t o  give s o l u t i o n s  of var ious  degrees of s a t u r a t i o n  (vlv) .  The 

speci f  t c  a c t i v i t i e s  of the supernatant  a t  d i f f e r e n t  degrees of s a t u r a t i o n  
.b, -. ' 



were determined. (Assay 3) .  

The p r e c i p i t a t e s  obtained from d i f f e r e n t  degrees of acetone 

s a t u r a t i o n  were d issolved i n  d i s t i l l e d  water and combined. Cold acetone 

(-10.C) was again added t o  r e t a i n  a c e r t a i n  f r a c t i o n  of p r e c i p i t a t e  

from the s o l u t i o n  of the  appropr ia te  degree of s a t u r a t i o n  which contained 

most of the  a c t i v e  amylases, namely the f r a c t i o n  between 25% and 60% 

s a t u r a t i o n  f o r  durum wheat, the f r a c t i o n  between 50% and 70% f o r  

T r i t i c a l e  and the  f r a c t i o n  between 45% and 65% f o r  rye  was re t a ined .  

These f r ac t iona ted  por t ions  of enzymes were d issolved i n  20 m l  of 

d i s t i l l e d  water  and dialyzed overnight  aga ins t  very  d i l u t e  a c e t a t e  

buf fe r  (1/1000 2 a t  pH 5.2).  (Assay 4) .  

A por t ion  of the crude alpha-amylase e x t r a c t  (4 m l ) ,  which contained 

about 60 mg p ro te in  n i t rogen ,  was appl ied  c a r e f u l l y  t o  the  top of a  

Sephadex g e l  column (3 x 160 cm) which was prepared a s  described by 

Gelotte  (35). The enzyme was e l u t e d  by 0.02 a c e t a t e  buf fe r  (pH 5.2) 

containing 0.001 calcium a c e t a t e .  The column e f f l u e n t  was co l l ec ted  

i n  3-ml f r a c t i o n s  by means of an automatic f r a c t i o n  c o l l e c t o r .  Prote in  

content  of the  e f f l u e n t  was measured spectrophotome t r i c a l l y  a t  a  

wavelenght of 280 mp. Enzymatic a c t i v i t y  of the  e f f l u e n t  was analyzed 

by the  3 , s - d i n i t r o s a l i c y l i c  a c i d  method (30) which is described l a t e r  

i n  Sect ion  I V .  F ina l  r e s u l t s  a r e  shown i n  Figures 4 ,  5 and 6. The main 

f r a c t i o n s  which contained a c t i v e  alpha-amylase were combined and 

dialyzed overnight  a g a i n s t  very d i l u t e  a c e t a t e  b u f f e r ,  pH 5 .8 ,  a t  4 O C  

t o  remove s a l t s ,  Pervaporation was subsequently employed t o  concentrate 

the enzyme aolut ion .  (Assay 5). 

Figure 3. revea l s  the  s p e c i f i c  a c t i v i t i e s  of alpha-amylases 

r e m i n i n g  i n  the  aupernatant  a t  d i f f e r e n t  degrees of s a t u r a t i o n  with 

ace tone, 



The s p e c i f i c  a c t i v i t i e s  of  alpha-amylases a t  each s t e p  of p u r i f i c a t i o n  

a r e  shorn i n  Table. 5, 6 and 7. ~ h 6  s p e c i f i c  a c t i v i t y  of  alpha-amylase, 

i n  the a b ~ e n c e  of beta-amylase, was expressed a s  mg of maltose l i b e r a t e d  

from a 1% s o l u t i o n  of so lub le  s t a r c h  per  mg of p r o t e i n  nitrogen. 

The ni t rogen content  of  the enzyme so lu t ion  was determined by 

~ ~ s s l e r ' s  method (5, 56, 78, 130). The Nesslttr 's reagent  was prepared 

by shaking a mixture of 4.0 grams of  potassium iodide ,  2 .94  grams of 

iodine,  2.9 grams of mercury and l O m l  of  d i s t i . l l e d  water ,  continuously 

and vigorously i n  a 125 m l  Erlenmeyer f l a sk .  While the  r eac t ion  was 

taking p lace ,  continuous shaking was necessary u n t i l  the  red  iodine  

color  had changed t o  the green co lo r  of  the  double iodide  complex. The 

aqueous solution was decanted from the excess rasrcury, After washing 

the mercury wi th  d i s t i l l e d  water th ree  times, the washings were combined 

with the  o r i g i n a l  aqueous so lu t ion  and subsequently poured i n t o  750 m l  

of b o i l i n g  water i n  which a quant i ty  of gum g h a t t i  (about 1 t o  2 gm) had 

been dissolved.  The volume of the s o l u t i o n  was made up t o  one l i ter  when 

cooled, and shaken vigorously t o  insure  uniformity. The reagent  was 

s tored  i n  an amber b o t t l e .  . , . . .  . 

The d iges t ion  reagent  was prepared a s  follows: 1 .0  gm of hydrated 

copper s u l f a t e ,  CuS04*5H20, and 1.2 gm of selenous ac id  (H2Se03) were 

ground i n t o  a powder i n  a mortar and d issolved i n  25 m l  of concentrated 

phosphoric a c i d ,  a f t e r  which 75 m l  of concentrated sulphur ic  ac id  was 

added. 

Mic ro l i t e r  q u a n t i t i e s  of  l i q u i d  samples were placed i n  Pyrex t e s t  

tubes (10 x 75 mm) and evaporated i n  an oven a t  1 1 0 ' ~ .  The d iges t ion  

reagent  (0.2 m l )  wae introduced t o  each tube. The tubes were subsequently 

placed i n t o  d r i l l e d  ho les  i n  a b r a s s  hea t ing  block. The contents  of the 



tubes were ref luxed a t  370•‹C on a hot  p l a t e .  Af ter  r e f l u x i r g  fo r  15 

t o  30 minutes the  co lo r  of the content  changed from dark brown t o  

l i g h t  yellow. The tubes and contents  were removed and allowed t o  cool.  

Two drop8 of 30% hydrogen peroxide were added t o  each tube. The tubes 

were replaced i n  the b r a s s  block and heated a t  3 7 0 ' ~  f o r  about 20 

minutes. The contents  became p e r f e c t l y  c l e a r  a f t e r  oxidiz ing with 

hydrogen peroxide. When the tubes were cooled,  the contents  were mans fe r red  

q u a n t i t a t i v e l y  i n t o  10-ml volumetric  f l a s k s  and made t o  v o l u , n ~ ~ .  A 

por t ion  of t h i s  sample s o l u t i o n  (5 ml) was t r ans fe r red  t o  a t e s t  tube 

and 2.0 m l  of Neseler 's  reagent  was added. Sodium hydroxide ( 3  m l ,  4 N) 

was subsequently introduced, Af ter  mixing thoroughly by r o t a t i o n ,  

the  mixture was allowed t o  s tand f o r  15 minutes and t r ans fe r red  t o  

colorimeter  tubes. The absorbance was measured a t  515 mil l imicrons i n  

a spectrophotometer. A s tandard curve was c:onstructed by determining 

the absorbance when microquant i t ies ,  up t o  a maximum of 80 micrograms, 

of s tandard ammonium s u l f a t e  were used. A new standard curve was 

constructed p e r i o d i c a l l y .  

(b) DETERMINATION OF ELECTROPHORETIC MOBILITIES OF ALPHA-AWLAS3S 

When the  p u r i f i e d  enzymes from g e l  f i l t r a t i o n  were subjected t o  

e l ec t rophores i s  a t  pH 4.0 i n  aluminium l a c t a t e  buf fe r  ( r e f e r  t o  

Sect ion  I11 c )  only a s i n g l e  band was observed i n  the  electropherogram 

f o r  each alpha-amylase prepara t ion .  This  indica ted  the  homclgeneity 

and p u r i t y  of the  i s o l a t e d  enzymes. . i ... . 

The e l e c t r o p h o r e t i c  m o b i l i t i e s  of the  alpha-amylases were 

determined by applying a vol tage  gradient  of 15 V/cm and e lec t rophores ing 

f o r  s ix  hours. The r e s u l t s  a r e  shown i n  Table 8. 



Fig. 3: Fractionation of alpha-amylases 
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Table 5: Purification of 'alpha-amylase from durum wheat (AABB) 

Sample Enzymatic Ac t iv i ty  Nftro en Content 8pccific Act iv i ty ,  

O a D *  560mu mg Maltose/ml -+ 0.D.515mu mg ~al tose lmg N 

Assay 3: 
Supernatant 0.330 7.5 0.045 5 5 137 
of 20% acetone 

Supernatant 0.368 8.4 0.076 90 94 
of 30% acetone II 

Supernatant 0.440 10.0 0.124 148 6 8 (I 

of 40% acetone 

0.252 5.8 0.095 113 51 Supernatant 
I 

of 507. acetone 

Supernatant 0.066 1.5 0.045 5 5 27 
of 60% acetone 

. 4 r l .  . 
Supernatant 0.066 1.5 0.082 , 100 15 
of 70% acetone 

Supernatant 0 0 0.077 92 0 
of 807. acetone , 

Assay 4 0.211 4.9 0.028 35 140 



1 

Table 6: Purification of alpha-amyla-ee from Triticale (AABBRR) 

- 

Enzymatic Activity Nitrogen Content Specific Activity, 

0*D*560mll mg Maltose/ml O.D. pg/ml m g  Maltose/mg N 
51% 

Ausay 2 

Assay 3:  
I 

Supernatant 
of 20% acetone 

Supernatant 
of 30% acetone 

Supernatant 
of 402 acetone 

Supernatant 
of 50% acetone 

. Supernatant 
of 60% acetone 

Supernatant 
I of 70% acetone 

Supernatant 
of 80% acetone 



Table 7: Purification of alpha-amylase from..rye (RR) 

Enzymatic Activity Nitrogen Content Specific Activity, 
 amp l e  O.D. 

56mJ 
mg Maltose/ml 0.D.515w pg/ml mg Maltose/mg N 

Assay 3:  
Supernatant 
of 20% acetone 

Supernatant 
of 30% acetone 

Supernatant 
of 40% acetone 

Supernatant 
of 50% acetone 

8upema tan t 
of 60% acetone 

Supernatant 
of 70% acetone 

Supernatant 
of 80% acetone 

Asray 4 



Table 8: The electrophoretic mobilities of alpha-amylases 

Sample ~obility, cm2 vol sec-1 x 10-5 

AVERAGE 

Durum 

Triticale 

R y e  



(c) ISOLATION AND PURIFICATION OF BETA-AMYLASES 
I 

The i n i t i a l  pur i f ica t ion  s teps  employed by K.H. Tipples e t  al. 

(13) were followed with some modifications. In  the l a t e r  si:a,ges, 

combination of gel  f i l t r a t i o n ,  on Sephadex and zone e lec t rop l~ores i s  

was employed instead of ion-exchange column chromatography. Flour 

sample8 (60 gm) were extracted with 180 m l  of 1% NaCl solut ion (w/v) 

containing 0.0001 EDTA. The f lour  was gradually added t o  the s a l t  

solut ion with care  t o  avoid the formation of large aggregates. The 

suspension was kept overnight a t  room temperature. A l i g h t  brown 

mpernatant was obtained by centr i fugat ion a t  18,000 rpm fo r  20 minutes 

a t  4 O C .  The insoluble residue was discarded, (Assay 1 ) .  

The supernatant was oooled to O•‹C and a f te r  adjusting the pH 

t o  3.7 with 5 ace t i c  acid ,  i t  was stored i n  a r e f r i ge ra to r  a t  4 ' ~  

fo r  s i x  days t o  remove t races  of alpha-amylase. The p rec ip i t a t e  t ha t  

formed was removed by centr i fugat ion a t  4 %  for  20 minutes, (Assay 2).  

The pH of the supernatant was brought t o  5.3 with 4% ammonium 

hydroxide (v/v) and cooled t o  4 ' ~ .  Saturated ammonium su l f a t e  solut ion 

(pH 5.3, a t  4 ' ~ )  was added dropwise from a separatory funnel with 

constant s t i r r i n g  t o  0.66 sa tura t ion  (v/v) . The p rec ip i t a t e  was 

col lected and dirsolved i n  d i s t i l l e d  water, then kept a t  4OC overnight, 

Some p rec ip i t a t e  t h a t  formed during t h i s  time was removed by 

centrifugation.  (Assay 3) .  

A m n i a  was added to  ad jus t  the pH of the supernatant t o  5.5. 

The volume was made up t o  50 m l  with d i s t i l l ed .ya&r ,  Cold saturated 

amonium s u l f a t e  solut ion,  pH 5.5, was added dropwise, over a 20 minute 

period, t o  give 0.18 maturation (v/v). The prec ip i ta te  was removed by 

centrifugation.  Saturated ammonium s u l f a t e  aolution was added again t o  

give 0.5 ra tura t ion  (v/v). The p rec ip i t a t e  was col lected and dissolved 



i n  a small amount of d i s t i l l e d  water.  

The enzyme s o l u t i o n  was i n  Visking d ia lyz ing  tubing 

(1 inch i n  diameter) and dialyzed overnight  aga ins t  very d i l u t e  a c e t a t e  

buffer  (1/1000 1 a t  pH 4.8). (Aseay 4). The e p e c i f i c  activities of 

the supernatant  a t  var ious  degrees of s a t u r a t i o n  a r e  shown i n  Fig. 7. 

me dialyzed enzyme eo lu t ion  wae poured cau t ious ly  on the  top of a 

sephadex G-50 column (3  x 160 cm) which had been previously e q u i l i b r a t e d  

with 0.01 a c e t a t e  buf fe r  s o l u t i o n  a t  pH 4.8, The same b u f f e r  so lu t ion  

was used a s  e luan t .  Frac t ions  (3 ml) of  the  e f f l u e n t  were c o l l e c t e d  i n  an 

automatic c o l l e c t o r ,  Prote in  content  of the  e f f l u e n t  was determined by 

measuring the ablrorbance a t  280 rnp f o r  each tube, Enzymatic a c t i v i t y  

of the e f f l u e n t  was analyzed by the  3 , 5 - d i n i t r o a a l i ~ y l i c  a c i d  method 

(30). The r e s u l t s  a r e  shown i n  Fig. 8,  9 and 10, Two forms of be ta-  

amylase were found i n  the e f f l u e n t  from the  column i n  each case. These 

two forms of  beta-amylases had nea r ly  the  same chromatographic p roper t i e s .  

The e f f l u e n t  which contained the  enzymatical ly a c t i v e  f r a c t i o n s  were 

pooled and d ia lyzed overnight  a g a i n s t  very d i l u t e  a c e t a t e  b u f f e r ,  1/1000 - N a t  

pH 4.8, t o  remove s a l t s .  Pervaporation was employed t o  concentra te  the  

enzyme so lu t ion .  

Further  sepa ra t ion  could be achieved by zone e lec t rophores i s  i n  

polyacrylamide ge l .  Elec t rophores ie  was c a r r i e d  ou t  i n  6% (w/v) 

polyacrylamide g e l  which had been e q u i l i b r a t e d  wi th  0.0085 M - aluminium 

l a c t a t e  buf fe r  (pH 4.1, i o n i c  s t r e n g t h  0.05) by severa l  changes of 

the buf fe r  so lu t ion .  A s tock aluminium l a c t a t e  buf fe r  s o l u t i o n  was 

prepared by a c t i v a t i n g  5.47 grams aluminium f o i l  wi th  a small  amount 

of sa tu ra ted  mercuric ch lo r ide  s o l u t i o n  and then d iesa lved i n  38.5 m l  

of l a c t i e  a c i d  a s  dercr ibed by R.W. Jones e t  a l ,  (22, 57), The 

reac t ion  was allowed t o  proceed overnight .  The s o l u t i o n  was f i l t e r e d  



through c e l i t e  and the f i l t r a t e  was made up t o  one l i t e r .  A por t ion  

(100 ml) of the  stock so lu t ion  WAS added t o  1.8 l i t e r s  of d i s t i l l e d  

water ,  Af ter  ad jus t ing  the pH t o  4.1 wi th  concentrated l a c t i c  a c i d ,  

the volume was made up t o  two l i ters w i t h  d i s t i l l e d  water .  

The method of prepara t ion  of polyacrylamide g e l  repor.t:ed by 

S. Raymond e t  a l ,  (102) was followed with some modificat ions.  A 6% 

(w/v) Cyanogum so lu t ion  was prepared by d i s so lv ing  6 grams of 

Cyanogum i n  100 m l  d i s t i l l e d  water  followed by f i l t r a t i o n .  After  
I 

bubbling n i t rogen gas through the s o l u t i o n  f o r  f i v e  minutes t o  expel  

oxygen which would i n h i b i t  the polymerization of acrylamide g e l ,  0.6 

m l  of f r e s h l y  prepared 10% (v/v) so lu t ion  of dimethylaminopropionitrile 

(BMAPN) and 9 ,6  m l  of f r e s h l y  prepared lo'% (w/v) s o l u t i o n  of ammonium 

p e r s u l f a t e  were added a s  c a t a l y s t s .  The s o l u t i o n  was poured i n t o  l u c i t e  
I 

(perspex) troughs of inner space dimensions 23 x 4 x 0.5 cm. A g lass  

p l a t e  was placed c a r e f u l l y  t o  cover the trough s o  as t o  avoid the a i r  

bubbles being trapped i n  the ge l ,  The length of time f o r  polymerization 

could be shortened i f  the Cyanogum s o l u t i o n  was heated t o  40•‹C before  

pouring i n t o  the  l u c i t e  trough. 

A small  por t ion  (100 p l )  of the  p ro te in  sample was applied t o  a 

small p iece  of f i l t e r  paper which was subsequently inse r t ed  i n t o  the 

sample app l i ca t ion  s l o t  i n  the  polyacrylamide gel .  Elec t rophores is  
. 4 ... . 

was c a r r i e d  ou t  wi th  s i x  s l a b s  of g e l  a t  one time under i d e n t i c a l  

condit ions.  A•’  t e r  e lec t rophoreeing f o r  s i x  hours a t  600 v o l t s  (voltage 

gradient :  15 v/cm), one of the  g e l  p l a t e s  was s l i c e d  i n t o  2 .5  rnm th ick  

sec t ions  and dyed wi th  1% amido-black 10 B i n  a mixture of methanol: 

a c e t i c  acid:  water  = 5: 1: 5. The s l a b s  were destained by r i n s i n g  severa l  

times i n  the solvent .  The remaining g e l  s l a b s  were c u t  i n t o  the d i f f e r e n t  

zones which corresponded t o  the  bands observed i n  the dyed gel .  The 



protein  i n  various cones was e luted by soaking the ge l  segments i n  

0.008 g ace ta te  buffer ,  pH 4.8, overnight a t  4'~ followed by 

centr i fugat ion i n  basket-l ike centrifuge tubes. The c l ea r  enzyme 

eolution was f i l t e r e d  through a Sephadex 6-50 column ( 1 x 50 cm ) to  

remove monomeric mater ia l  from the acrylamide gel .  After dialyzing 

overnight against  d i s t i l l e d  water, the enzyme solut ion was concentrated 

by pervaporation. The spec i f ic  a c t i v i t i e s  of these f rac t ions  were 

determined. (Assay 5). 

The spec i f i c  a c t i v i t i e s  of beta-amylases a t  d i f f e r en t  s tages  of 

pur i f ica t ion  a r e  shown i n  Tables 9, 10 and 11. In  

. r e f e r s  t o  the beta-amylase 

mobility while component 2 

mobility. 

component which had the 

r e f e r s  t o  the one which 

assay 5, component 1 

higher e lect rophoret ic  

had the lower 

(d) DETERMINATION OF ELECTROPHORETIC MOBILITIES OF BETA-AMYLASES 

The electrophoret ic  mobi l i t i es  of the pur i f ied  beta-amylases were 

determined as described i n  Section I11 (b). The experiment was repeated 

four times. ' The r e s u l t s  a r e  ohown i n  Table 12. 



I 

Fig. 72 Fractionation of beta-amylases 

Degree of saturation with ammonium sulfate 









Table 9: Purification of beta-amylases from durum wheat (AABB) 

Sample Enzymatic Activity Nitrogen Content Specific Activity, 
O*D, 

56- mg Maltoee/ml 0*D*515mu pg/ml mg Maltose/mg N 

Aesay 2 

' Assay 3 

Supernatant of 
0.1 saturat ion 

. Supernatant of 
0.2 saturation 

Supernatant of 0.415 
0,3 saturat ion 

supernatant of 0.033 
0.4 ea tura t ion 

Supernatant of 0.026 
0.5 saturat ion 

Supernatant of 0 
0.55 saturat ion 

Assay 4 0.262 

Assay 5: 
Component 1 0.619 

Component 2 0.532 

2. , 

I . .  



, 
Table 10: Purification of beta-amylases from Trit icake (AABBRR) 

Sample 
Enzymatic Activity Nitrogen Content Specific Activity, 

0. D. 
560mF1 

mg Maltose/ml 0.D.51* pg/ml mg Maltoselmg N 

. h s a y  1 0.102 9.4 0.050 60 157 

Assay 2 0.156 14.2 0.055 6 6 215 

Ansay 3 0.378 34.4 0 .083 100 344 

Supernatant of 0.374 34.2 0.083 100 342 
0.1 saturat ion 

Supernatant of 0.270 24.6 0.062 75 328 
0.2 saturation I 

Supernatant of 0.310 28.4 0.113 135 210 
0.3 saturat ion 

Supernatant of 0.080 7.4 0.068 80 92 
0.4 saturat ion 

Supernatant of 0.055 5.0 0.1.44 170 29 
0.45 saturat ion 

Supernatant of 0 0 0.354 410 0 
0.5 saturat ion 

Assay 4 0.315 28.8 0.062 75 384 

Assay 5: 
Component 1 0.575 52.5 ' 0.025 32 1640 

Component 2 0.618 56.4 0.028 3 5 1610 



Table 11: Puri f icat f~n of beta-amylases from rye (RR) 

ens ma ti^ Activity Pltronen Content Specific Activity, 
O.D. 

56- 
mg Maltose/ml 

o'D*515tnv yg/ml mg Maltose/mg N 

Assay 1 

Assay 2 

Assay 3 

Supernatant of 
0.1 saturation 

Supernatant of 
0.2 saturation 

Supernatant of 
0.3 saturation 

Supernatant of 
0.35 saturation 

Supernatant of 
0.4 saturation 

Supernatant of 
0.45 saturation 

Supernatant of 
0.5 saturation 

Assay 4 

Assay 5: 
Component 1 

Component 2 



Table 12: The e l e c t r o p h o r e t i c  m o b i l i t i e s  of  beta-amylases 

Samp l e  Be ta-amylases ~ o b i l i t y ,  cm2 V" s e c - I  x lo-5  

Average 

Component 1 2.00 2.03 2.03 2.02 - 2.02 
Durum 

Component 2 1.87 1.86 1.89 1.90 - 1.88 

Component 1 1.99 1.98 2.03 1.99 - 2.00 
T r i t i c a l e  

Component 2 1.78 1.76 1.80 1.75 - 1.77 

Rye Component 1 2.18 2.17 2.14 2.15 - 2.16 

Component 2 2.05 2.07 2.07 2.02 - 2.05 



I V .  EFFECT OF TEMPERATURE ON ACTIVITIES OF AMYLASES 

_(a) EFFECT OF TEMPERATURE QN 'ACTIVITIES OF ALPHA-AMYLASES 

The enzymatic a c t i v i t y  (v) o f  the i co lated antymo protein warn 

determined co lo r ime t r i ca l ly  a s  described by P. Bernfeld (10). It is  expressed 

a s  mg maltose l i b e r a t e d  from 1% soluble  s t a r c h  so lu t ion  i n  three  minutes. 

The co lo r  reagent  was prepared by d i s so lv ing  1 gm of 3 , s - d i n i t r o s a l i c y l i c  

ac id  i n  20 m l  of 2 sodium hydroxide and 50 m l  of water.  After  the 

addi t ion  of 30 gm potassium sodium t a r t r a t e ,  the  so lu t ion  was d i l u t e d  t o  

100 m l  and the so lu t ion  was kept  i n  amber b o t t l e s ,  S tarch  s u b s t r a t e  

so lu t ion  (1% w/v) was prepared by s t i r r i n g  one gram of so luble  s t a r c h  i n t o  

20 m l  of 0.02 2 sodium glycerophosphate-HC1 buf fe r  a t  pH 5.9 and adding i t  

t o  80 m l  of ho t  bu t  otherwise the same buffer .  The s t a r c h  s o l u t i o n  was 

fu r the r  heated f o r  one minute with cons tant  s t i r r i n g .  Af ter  cooling,  the 

so lu t ion  was t r ans fe r red  t o  a  100 m l  volumetric f l a s k ,  and made t o  volume 

with d i s t i l l e d  water.  A f r e s h  so lu t ion  was f requent ly  prepared. 

Chromatographically pure enzyme so lu t ions  which had been d i l u t e d  t o  

about 0.08 mg ni t rogen per  m l  and s t a r c h  s u b s t r a t e  were placed i n  separa te  

test tubes and e q u i l i b r a t e d  i n  a constant  temperature water ba th  u n t i l  the  

des i red  temperature had been a t t a i n e d .  One m l  of s t a r c h  so lu t ion  was 

introduced i n t o  one m l  of enzyme s o l u t i o n  by means of a  f a s t -de l ive ry  

p ipe t t e .  After  exac t ly  th ree  minutes, one m l  of the r eac t ion  mixture was 

removed and t r ans fe r red  t o  a  t e s t  tube conta in ing one m l  of the  co lo r  reagent .  

The t e s t  tube was immersed i n  b o i l i n g  water  f o r  s i x  minutes. Af ter  cool ing  

to  room temperature, 10 m l  of water was added and the  absorbance measured 

a t  wavelength of 560 mp wi th  a spectrophotometer. The experiment was 

repeated :three '-f imes . 
The reac t ion  for  determination of amylase a c t i v i t y  wi th  3 ,5 -d in i t ro -  



e a l i ~ y l i ~  ac id  (12) was found t o  obey Beer's Law according t o  the r e l a t i o n  

(111) : M - 2.8 L , 

where M = the microequivalents of  maltose,  

L = the o p t i c a l  dens i ty  o f  the s o l u t i o n  of 

reduced reagent ,  

The dependence of  a c t i v i t i e s  of alpha-amylases on temperature is 

shown i n  Fig. 11. 

(b) EFFECT OF TEMPERATURE ON ACTIVITIES OF BETA-W:LASES - 
The general  procedure used i n  these experiments was s i m i l a r  t o  t h a t  

described i n  Sect ion  I V  ( a ) ,  except  t h a t  0.008 M a c e t a t e  buf fe r  a t  pH 4.8 was 

used ins tead  of sodium glycerophosphate-HC1 buffer .  The p u r i f i e d  enzyme 

s o l u t i o n  from g e l  f i l t r a t i o n  was d i l u t e d  t o  approximately 0.035 mg ni t rogen 

per  m l .  I n  the case  of  T r i t i c a l e ,  the chromatographically pure enzyme was 

d i l u t e d  t o  0.06 mg ni t rogen per  m l .  The reac t ion  mixture cons is ted  of 1 m l  of 

enzyme s o l u t i o n  and 9 m l  of  s t a r c h  s u b s t r a t e  so lu t ion .  The r e s u l t s  a r e  

shown i n  Fig. 12, 

Arrhenius p l o t s  of the  e f f e c t s  of temperature on the  a c t i v i t y  of the 

amylases a r e  shown i n  Fig. 13 and 14, The graphs may be obtained by p l o t t i n g  

the logarithm of a c t i v i t y  (v) versus  the  r ec ip roca l  of the  absolute  

I 
temperature (T) . 

Arrhenius (3, 4) derived an empir ica l  formula t o  express the  inf luence  

of temperature upon the  r a t e s  of chemical r eac t ions  a s  follows: 

where v l  and v2 a r e  r a t e s  of  r e a c t i o n  corresponding t o  

absolute  temperature T i  and T2, 

E is the  energy of  a c t i v a t i o n ,  

R is the  un ive r sa l  gas cons tant  (1.98' calories/deg/mole) . 



The r a t i o  of  ra tes  of  react ion l (v  /v ) is  referred to a s  the 
2 1 

temperature coe f f i c i ent .  Its value is always between 1 and 2 .  The values 

of energit. o f  act ivat ion and heat inactivation could be calculated by 

substituting the values into  Eq .  1. They are summerized in  Tables' 17, 

and 18. 



Table 13: Effect of temperature on ac t iv i t i e s  of alpha-amylases 
1' (o*D*560rnp 

Temperature ' C Durum Tri t icale  Rye 



Table 14: Effect of  temperature on a c t i v i t i e s  of  beta-amylases 
(0.D.560mp) 

Temperature O C Durum Trit icale  Rye 
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Table 17: 

Ener of Activation Energy for gpa t Inactivation 
Alpha-amylase to 2izC 30•‹C to 40•‹C 70•‹C to 80•‹C 

Durum 

Tr iricale 



Table 18: 

Energy of Activation Energy for Heat Ihactivation 
Be ta-amylase lOoC to 20•‹C 30•‹C to 40•‹C 50•‹C to 60' C 

Durum 11,300 callmole 7,440 cal/mole 15,500 cal/mole 

Tri ticale 12, 500 7,210 16,200 

Rye 12,800 6,040 35,400 



Fig. 11: E f f e c t  of temperature on a c t i v i t i e s  of alpha-amylases 

Temperature ' C 



Fig. 12: Effect  of temperature on a c t i v i t i e s  of beta-amylases 

Temperature O C 

AABB-.-.- 
AABBRR 







V. INFLUENCE OF p H  ON ACTIVITIES OF AMYLASES 
, 

A 2% s t a r c h  i n  water so lu t ion  was prepared a s  described i n  Section 

IV (a)  which was subsequently d i l u t e d  t o  1% with  an equal volume of buffer  

s o l u t i o n  a t  var ious  pH values.  The buf fe r  so lu t ions  were prepared a s  

described by Gomori i n  Methods i n  Enzymology Vol. I. Acetate buf fe r  so lu t ions  

(0.1 M) a t  a pH range of 3.0 t o  5.6, phosphate buf fe r  (0.1 - M) a t  a pH 

range of 6.0 t o  8.0 and sodium bicarbonate-carbonate buf fe r  (0.1 M) a t  a 

pH range of 9.2 t o  10.6 were prepared. Aliquots (0.1 ml) of the 

chromatographically pure enzyme were d i l u t e d  t o  1 m l  wi th  buf fe r  so lu t ions  

a t  the  same pH values a s  the s t a r c h  so lu t ion  i n  a s e r i e s  of t e s t  tubes. 

After  s tanding a t  25OC f o r  two hours one m l  of 1% s t a r c h  so lu t ion  of each 

pH value  was introduced t o  the  enzyme so lu t ion  of the same pH value ,  

r e spec t ive ly ,  by means of f a s t -de l ive ry  p i p e t t e .  After  exac t ly  three  

minutes, one m l  of the  r eac t ion  mixture was t r ans fe r red  t o  a t e s t  tube 

containing one m l  of 1% 3 , 5 - d i n i t r o s a l i c y l i c  ac id  so lu t ion  and followed 

the procedure described i n  Sect ion  I V  ( a ) .  

Fig. 15, 16 and 17 show the  influence of pH on a c t i v i t i e s  of alpha- 

amylases which had been incubated i n  buf fe r  f o r  two hours. The alpha-amylases 

from a l l  three  sources showed optimum a c t i v i t y  a t  a pH a t  5.2. 

The s t a b i l i t y  of alpha-amylases were s tudied  by incubating alpha- 

amylases i n  buf fe r  s o l u t i o n  a t  var ious  pH values  f o r  two hours a f t e r  which 

the a c t i v i t i e s  were determined a t  pH 5.2. This was found t o  be the most 

s u i t a b l e  pH value f o r  determining a c t i v i t i e s  of the  alpha-amylases. The 

enzyme s o l u t i o n s  a t  pH values  below 3.0 were prepared by adding hydrochloric  

ac id  u n t i l  the  des i red  pX had been a t t a i n e d ,  The r e s u l t s  a r e  shown i n  Fig. 

18, 19 and 20. A l l  alpha-amylases from t h e r t h r e e  sources were found t o  be 



$3 
8 " 

stable between pH 4 and pH 8. B 

Beta-amylases from all three soulces showed a pH optimum at 4 . 6  as 

shown in Fig, 21, 22 and 23. 

These experiments were done in duplicate . 



Table 19: Influence of pH on activities of alpha-amylases 

(OeD*560&) 

P H  Durum Triticale Rye 



Table 20: Stability of alpha-amylases at various pH values 

(0.D. 560111~) 



Table 21: Influence of pH on activities of beta-amylases 

' 1 ( O * D *  5601n~ 

PH Dur urn Triticale Rye 



Big, 15; pl-Aativity relationehtp of alpha-amylaoe from Durum 

Wheat (AABB) 



Pig, 16: pH-Activity relationehip of alpha-amylare from Triticale 

( W B W  





I 

F ig .  18 t Stabi l i ty  of alpha-amylare from Durum (AABB) 



, 

Pig, 19: Stability of aIphr-ar~ylare from Ttitiaate (AABBRR) 







Fig. 22: Influence of pH on activity of beta-amylare from Triticale 

( U B R R )  



Fig.  23: Influence of pH on act iv i ty  of beta-amylaee from Rye (RR) 

I 



V I .  DETERMINATION OF MICHAELIS-MENTEN CONSTANTS FOR AMYLASES 
I 

- 
(a) DETERMINATION OF MICHAELIS-MENTEN CONSTANTS FOR 

The Michaelis-Menten constant, which is the substra te  concentration 

a t  half  maximum ve loc i ty  of an enzyme-catalysed react ion,  can be determined 

by studying the e f f e c t  of var ia t ion  of substra te  concentration on the 

r a t e  of enzyme action.  

The chromatographically pure alpha-amylases from durum, T r i t i c a l e  

and rye were employed for  t h i s  study. The enzymes were di luted with 

0.02 ace ta te  buffer  containing 0.001 M calcium aceta te  a t  pH 5.2 to  a 

f i n a l  concentration of about 0.06 mg nitrogen per m l .  Starch solutions 

of various concentration i n  the range of 0.5 t o  50 mg per m l  were prepared 

i n  0.02 ace ta te  buffer ,  pH 5.2 a s  described i n  Section I V  (a) .  The 

temperature of a l l  enzyme and s ta rch  solutionrs was brought t o  2 5 ' ~ .  One 

m l  of s ta rch  solut ion of each concentration was transferred in to  a s e r i e s  

of t e s t  tubes. One m l  of enzyme solut ion was introduced in to  each tube by 

means of a fas t -del ivery p ipe t te .  After exactly three minutes, one m l  of 

the react ion mixture was added t o  a t e s t  tube and the reducing sugar 

produced was determined by the 3 ,s-dir i i t rosal icyl ic  acid method a s  described 

i n  Section I V  (a). 

... BETA- AMYLASES 

The procedure wars the same a s  described above except tha t  0.008 5 

ace ta te  buffer a t  pH 4.8 was used instead of 0.02 g acetate  buffer a t  pH 

5.2. Addition of calcium ace ta te  was omitted since i t  i r  not e s sen t i a l  fo r  

be ta-amylarer . 



The p u r i f i e d  beta-amylases were d i l u t e d  t o  about 0.04 mg ni t rogen 

per  m l  with 0.008 a c e t a t e  buf fe r  a t  pH 4.8. 

The r e s u l t s  a r e  shown i n  Table 22 and 23, i n  which S represents  

the s t a r c h  concentrat ion i n  mg per  m i l l i l i t e r  and v repre ren t s  the 

v e l o c i t y  of r eac t ion  a s  mg maltose ~roduced/ml/3 min. 

The Michaelis-Menten equation can be w r i t t e n  i n  a l i n e a r  form 

i n  the following th ree  ways (21, 44, 47, 48, 67): 

............................. (iii) vm I ,, + V. (Eq. 4) 
S 

These l i n e a r  equations have many advantages i n  the graphical  

evalut ion of the Michaelis-Menten constant .  The double rec ip roca l  

p l o t  obtained from Eq. 2 is most widely used (19). 

I n  the p resen t  r t u d i e a ,  the  Michaelis-Menten constants  were 

determined graphical ly  by the double r e c i p r o c a l . p l o t  method (67). 

s t r a i g h t  l i n e s  were obtained when the r e c i p r o c a l ' v a l u e s  of s t a r c h  

concentrat ions (S) were p l o t t e d  aga ins t  the rec ip roca l  values of 

r eac t ion  v e l o c i t i e ~  (v), The s t r a i g h t  l i n e s  in te r sec ted  the base l i n e  

a t  a po in t  giving -I/% and in te r sec ted  the v e r t i c a l  a x i s  a t  a po in t  

which gave l / V m ,  where Vm represen t s  the mamimum ve loc i ty ,  The s t r a i g h t  

l i n e  had a s lope  of Km/vm. The values  of Michaelie-Menten constant  

(h) and maximum v e l o c i t i e s  (Vm) were ca lcu la ted  from Fig. 24 and Fig .  

25, and were summarized i n  Table 24 and Table 25, Each experiment was 

repeated twice, 



Table 22: Effect8 of rubstrate concentration on a c t i v i t i e s  of 

alpha-amylases 

Starch conc. Durum Tri t i ca le  Rye 
S 1/s v l / v  v l l v  v 1 l v  





for 

7 2 

alpha-amylases 



I 

Pig. 25: lb termination of Mi chaelir-Menten Conr tantr for be ta-amylaeer 

AABB -. -. - 
AABB RR 
RR ,-,,,,, ,,, 



Tabla 241 I$,, and Vm vrluar tor alpha-amylaear 

- 

Sample 

Durm 

Triticale 

Rye 



Tabte 25: I$, and V, values for beta-amylase8 

Sample &, mg s tarch/ml 

Durum 

Tri t i ca le  

R y e  



VII . STUDIES OF SULFHYDRYL GROUPS I N  /BETA-AMYLASES 

I 

The spectrophotometric t i t r a t i o n  fo r  quant i ta t ive  estimation of 

sulfhydryl groupr reported by I.H. Klotz e t  a l .  (61) was followed with 

minor a1  tera t ion.  Mersalyl acid ,  the anhydride of 0- {[3- (hydroxywrcuri)- 

2-me thoxypropyl) carbamyl) -phenoxyace t i c  acid ,  was purchased from Winthrop 

Labora t o r i e s  (New York 18, N. Y. ) . The pyridine-2-azo+p-dime thylani l ine  

war purchased from Sigma Chemical Company, S t .  Louis 18, Missouri. 

Acetate buffer (0.1 Bl) a t  pH 5.8 was prepared a s  the solvent for  

a l l  reagents. A stock solut ion of azopyridine dye a t  approximately 

2 x 10-$ concentration was prepared i n  ace ta te  buffer.  This dye solut ion 

was a table  f o r  a t  l e a s t  one month. The mersalyl acid was weighed 

accurately t o  give a stock solut ion of 1 x g i n  ace ta te  buffer 

containing 5 x fi sodium chloride t o  s t a b i l i z e  the acid.  For most 

r e l i a b l e  r e s u l t s ,  t h i s  solut ion should not be kept over one week. 

The rtock rolution of azopyridine dye woo diluted with acetate buffer 

i n  the t i t r a t i o n  vescrel t o  a f i n a l  concentration of about 8 x 10" M and - 
a t o t a l  volume of 9 m l .  Buffer solut ion alone was placed i n  the reference 

I 
absorption tube, After the eolution was deoxygenated by bubbling nitrogen 

gas through the solut ion fo r  three minutes, exact ly  one m i l l i l i t e r  of 

sample solut ion was introduced t o  the t i t r a t i o n  vessel .  The absorbance 

was measured a t  550 millimicrons i n  a spectrophotometer. Standard mersalyl 

acid solut ion a t  a concentration of 1 x 10 '~  - M was then added From a 

microburet, several  absorbance readings ( a t  550 mp) were recorded to  

e s t ab l i rh  aabaae  l i n e  before the equivalence point  was approached. Small 

increments of merralyl acid solut ion were added near and beyond the 

equivalence point ,  After each addit ion of mersalyl acid  solut ion,  nitrogen 
I 

war directed i n t o  the c e l l  t o  m i x  the solut ion.  When absorbancy values 
I 



were p l o t t e d a g a i n r t  m i l l i l i t e r s  of mersalyl ac id  so lu t ion  added, the 

equivalence po in t  war indica ted  by 'the i n t e r s e c t i o n  of the two s t r a i g h t  

l i n e r .  

The r e s u l t s  of q u a n t i t a t i v e  t i t r a t i o n s  o f  su l fkydryl  greugs i n  

beta-amylases of the  syn the t i c  spec ies ,  T r i t i c a l e  (AABBRR), and the 

paren ta l  spec ies ,  Stewart durum (AABB) and P r o l i f i c  (RR) a r e  shown 

i n  Table 26. Tbro components of beta-amylases were i s o l a t e d  from each source 

a s  repor ted  i n  Sect ion  I11 (B) .  Component 1 of beta-amylases r e f e r s  t o  
I 

the  component which had the  higher e l ec t rophore t i c  mobi l i ty ,  whereas 

component 2 had the  lower e l ec t rophore t i c  mobi l i ty ,  

The q u a n t i t a t i v e  t i t r a t i o n s  of su l fhydry l  groups i n  alpha-amylaeee 
I 

were c a r r i e d  ou t  under the  same condi t ions  a s  above. Results  showed t h a t  

no f r e e  su l fhydry l  groupr were p resen t  i n  alpha-amylaaes of  the three  

rpec ie r  , 



I 

Table 26: Determination of sulfhydryl groups i n  beta-amylases 

- 

Sample 
mg enzyme pl mersalyl )IM sulfhydryl groups 

be ta-amy1a8ea nitrogen acid added per mg nitrogen 

Component 1 

Component 2 

Coatponen t 1 
Tri t i ca le  

Component 2 

Component 1 0.313 0.067 0.214 

Component 2 0.474 0,099 0.209 



D. DISCUSSION 
, 

I. DEVELOPMENT OF ALPHA-AMYLASES DURING GERMINATION 

It had long been obrsrved tha t  beta-amylare appeared tn a fairly 

high concentration i n  the ungerminated grains of cereals  and i t r i  a c t i v i t y  

increased only t o  a l imited extent  during sprouting. I n  contraut,  the - 

concentration of alpha-amylase i n  r i pe  grains was very low before germination 

s t a r t ed  while during the germination process, alpha-amylase developed 

rapidly  (59, 62, 63, 68, 110). Many invest igators  have studied the 

development of alpha-amylase. i n  wheat (38, 95, 133), rye (93), barley (68) 

e tc .  during germination and i n  a l l  cases,  they found tha t  alpha-amylase 

increased rapidly a s  soon a s  sprouting s t a r t ed ,  

A s  seen i n  Fig. I,  the a c t i v i t i e s  of alpha-amylases were very low 

i n  the ungerminated grains of durum wheat (AABB), rye (RR) a s  well  a s  the 

synthet ic  species,  T r i t i c a l e  (AABBRR). Once the germination process had 

s t a r t ed ,  the a c t i v i t i e s  of alpha-amylases increased rapidly  and logarithmically 

jus t  a s  obrerved i n  other cereals .  It is in te res t ing  t o  observe tha t  the 

amount of alpha-amylase tha t  developed i n  the synthetic species,  T r i t i c a l e ,  

war between tha t  of i t 8  parental  species,  The same phenomenon was 

observed i n  the ungerminated grains. The amount of alpha-amylases present 

i n  the grains cSf the synthet ic  species and the parental  cspecies a f t e r  

germinating fo r  four. days was found to  be i n  the r a t i o  of Durum : T r i t i c a l e  : 

Rye = 1 : 1.5 : 3.5. From these r e s u l t s  i t  is apparent t ha t  the 

biosynthesis of alpha-amylase of the synthet ic  species,  T r i t i c a l e ,  is 

influenced by both of the parental  species,  

S. Hagberg's modified Wohlgemuth method for  determination of alpha- 

amylare a c t i v i t y  war found useful  since i t  could be employed even i n  the 

presence of beta-amylase. The treatment of substra te  with excess beta- 



amylase for  24 hourr before usage tends t o  el iminate the interference of 

be ta-amylaee. prerent  i n  the malt. 

ALI s h m  i n  Table 2, the sprout lengths,  which indicated the 

v a p  tativa mouth rate ,  were f a i r l y  mll  carrelatad with the development 

of alpha-amylaser. It wa8 observed tha t  the higher the growth r a t e ,  the 

f a r t e r  the development of alpha-amylases. This i r  what would normally 

be expected i n  amylare elaboration i n  germinating cerea l  reeds. 



11.. EFFECTS OF POTASSIUM GIBBERELLATE ON THE DEVELOPMENT 

OF ALPHA-hMYTASES DURING GERMINATION 

Cibberell inr have been found to  be able t o  ac t iva te  the alpha-amylaser 

i n  cereals  during germination (14, 123, 143). Gibberell ic acid has a l so  

been found to  be able  t o  st imulate the production of amylases i n  
. 4 r l .  . 

ungerminated grains of ce rea l s  (32, 144). 

In  the present s tud ies ,  the e f f e c t s  of potassium gibberel la te  on 

the production of alpha-amylases i n  the rynthet ic  species,  T r i t i c a l e  

(AABBRR), and its parental  species ,  durum (AABB) and rye (RR), have 

been examined. A logarithmic increase i n  a c t i v i t i e s  of alpha-amylases 

i n  the germinating grains of these three species was evident,  The 

development of alpha-amylases i n  g ibbere l l i c  acid t reated grains is about 

two t o  three times f a s t e r  than i n  the untreated grains. It was found t h a t  

the response of production of alpha-amylases t o  g ibbere l l i c  acid was va r i e ty  

dependent. This is i n  agreement with the * r e r u l t r  reported by Fleming e t a l .  

(32) and Gr i f f i t h s  e t  a l .  (40). 

The r a t i o  of the amount of alpha-amylases present i n  the g ibbere l l i c  

t reated grains of the three species a f t e r  germinated fo r  four days was 

found to  be: Durum r T r i t i c a l e  : Rye = 1 : 1.3 : 2.2. An in t e r e s t i ng  

observation wee made i n  t ha t  the response of alpha-amylase production 

i n  T r i t i c a l e  (AABBRR) is intermediate betweefi tha t  found i n  the parental  

species. This indicated t h a t  the biosynthesis of enzymatically ac t ive  

amylases i n  the pa r t i cu l a r  a l i e n  genome combinant probably follows a 

normal hybrid p a t  tern. 

When the ungerminated grains of durum wheat were steeped i n  0.005% 

potassium gibberel la te  a t  25*C f o r  two hours, the a c t i v i t y  of alpha-amylase 

increared two fold  above tha t  obrerved i n  the untreated grains.  In  the 



cases of T r i t i c a l e  and rye,  the alpha-amylase a c t i v i t i e s  increased three 

times over those i n  the untreated grains. Yom e t  a l ,  (144) reported tha t  

one p.p.m. gibberel l in  stimulated the amylase a c t i v i t y  i n  ungerminated 

barley endosperm about 100-fold a f t e r  16 hours of incubation a t  30•‹C. 

Since 0.005% potassium gibberel la te  solut ion had been found to  be the most 

e f fec t ive  concentration fo r  ac t iva t ion  of alpha-amylases i n  germinating 

grains of various v a r i e t i e s  of wheat by Fleming (32), t h i s  concentration 

was employed throughout the experiments descr ibed i n  t h i s  inves t iga  t ion.  

As may be observed i n  Table 4, the length of sprouts and roots  were 

f a i r l y  well  corre la ted with the development of alpha-amylases i n  the 

gibberel l in- t reated seeds jus t  a s  was found to  be the case i n  the 

non-gibberellin t reated seeds. Again, the above is not an unexpected 

observation s ince the vegetative growth r a t e  and r a t e  of enzyme elaboration 

have been found to exhib i t  p a r a l l e l  development i n  numerous biological  

8yr tern8 , 



111. ISOLATION AND PURIFICATION OF AMYLASES - 
I 

(a) ISOLATION AND PURIFICATION OF ALPHA-WfLASES -- 

Calcium chloride rolut ion (0.2%) was used to  ex t r ac t  alpha-amylarer 

i n  the i so la t ion  process because calcium ion s t ab i l i z ed  and act ivated the 

enzyme (29, 31, 141). It can be seen i n  Tabler.5,6 and 7 t ha t  the spec i f ic  

a c t i v i t y  of alpha-amylase using the conventional p rec ip i ta t ion  method could 

be increared three t o  four fold over tha t  of the or ig ina l  ex t r ac t ,  and 

subsequently increased f ive  t o  s i x  times a f t e r  gel  f i l t r a t i o n .  In  

comparison, the spec i f ic  a c t i v i t y  of c rys t a l l i ne  alpha-amylase from human 

sa l i va  obtained by Fischer was a l so  s i x  times higher than tha t  found i n  the 
\ I 

or ig ina l  ex t r ac t  (30). 

It wan found tha t  two f rac t ions  from-the gel  column e f f luen t  were 

able  t o  l i be ra t e  reducing suger from soluble s ta rch ,  These could be alpha- 

amylase, beta-amylase o r  1,6-glucosidase, In  order to  d i f f e r en t i a t e  the 

enzymes which emerged from the column, a few def in i t ive  t e s t s  were car r ied  

out. When a 1% amylose solut ion was used a s  substra te ,  both f rac t ions  

were found capable of degrading the amylose and produced reducing sugar. 

This showed t h a t  both f rac t ions  were not o r  did not contain a 1,6-glucosidase. 

Further indent i f icat ion by studying the a b i l i t i e s  of the enzymes to  

decoloriae the s tarch-iodine complex (105) showed the t the f i r s t  f rac t ion  

which emerged from the column had a very low dextr iniz ing power, however, 

the f rac t ion  which emerged l a t e r  had Lbry  high dextr iniz ing power. Thds 

property indicated t ha t  only the l a t e r  f rac t ion  was alpha-amylase . The 
. 4 ... . 

f i r s t  enzymatically ac t ive  f rac t ion  may have been .a contamination of 

beta-amylare which had probably not been completely destroyed during the 

heat  treatment. According t o  the experiments by E. b e e n  e t  e l . ,  barley 



malt beta-amylase was destroyed by keeping i t  i n  solut ion a t  7 0 ' ~  fo r  

f i f t e en  minutes while t h i s  treatmen't did not destroy the alpha-amylase (64). 

Further investigations regarding t h i s  aspect  a r e  necessary. Further 
I 

r tud ie r  invalving gel  f i i t r a t i o n  af beta-amylames ( re fe r  t o  next seet ien)  

on the rame column of Sephadex G-50 revealed tha t  beta-amylase8 emerged 

from the column a t  tube numbers between 100 and 120, whereas alpha-amylases 

emerged a t  tube numbers between 120 and 130. From a comparison of these 

chromatograms of alpha-amylases and beta-amylases, i t  is evident enough 
I 

t ha t  the f i r s t  enzymatically ac t ive  f ract ion-  from the column (see Fig. 4, 

5 and 6) was undoubtedly a small portion of beta-amylases which survived 

the heat  treatment. 

Highly crosr-linked dextrans which a r e  avai lable  commercially under 

the name Sephadex have been found very useful  i n  the pur i f ica t ion  of 

enzymes, prote ins ,  peptides,  amino acids  a s  well  a s  i n  the desal t ing 

process. It has many advantages over s i l i c a  ge l  o r  other supporting 

media i n  column chromatography, The wide ranges i n  p a r t i c l e  s i ze s  of 

cross-linked dextrans enabled the separation of enzymes and prote ins  of 

d i f f e r en t  molecular s i ze s  (35, 99). I n  the present s tud ies ,  various grades 

of Sephadex, including Sephadex G-50, 6-100, G-150 and 6-200 were employed 

for  the pur i f ica t ion  of alpha-amylases from durum, T r i t i c a l e  and rye. It 

war found t h a t  Sephadex 6-50 gave the bes t  r e s u l t s  fo r  separation of 
. I ... . 

alpha-amylases from other  associated proteins.  This is i n  agreement with 

the r e s u l t s  reported by Shulman e t  e l .  (116). 

The Kjeldahl method fo r  the determination of t o t a l  nitrogen and 

a-nia i n  biological  mater ia ls  and enzymatic react ion mixture has been 

found very ure fu l  and possesses reasonably high precision (5). However, 

when working with large numberr of analyser,  Nessler 'r method is more 



convenient and rapid.  For best  r e s u l t s ,  Nessler 's method was employed 

t o  determine a range of approximatdly 10 t o  50 micrograms of nitrogen 

per sample. It suffer6 the dieadvantage tha t  the e t a b i l i t y  of Neseler's 

reagent may ehange from time to time. Thir can be overcome by 

conrtructing a etandard curve periodically.  

(b) ELECTROPHORETIC MOBILITIES OF ALPHA-AMYLASES 

The electrophoret ic  mobi l i t ies  of alpha-amylases from the three 

sources were found d i f f e r en t  from one another, Aluminium l a c t a t e  buffer 

rolut ions  a t  varioue pH values were employed fo r  the e lectrophoret ic  

r tudies .  It was found tha t  the e lectrophoret ic  mobi l i t ies  of alpha-amylases 

were pH dependent. The dif ferences  i n  e lect rophoret ic  mobi l i t ies  of 

alpha-amylases from the three sources show t h a t  the alpha-amylase of the 

synthet ic  specie8 may be i n t r i n s i c a l l y  d i f f e r en t  from the parental  types. 

There are a number of fac tors ,  e.g. in teract ion between enzyme proteins ,  

pH of the buffer medium, and possible existence of polymorphic forms of 

enzyme molecules e t c . ,  which a f f e c t  the e lectrophoret ic  proper t ies  of 

enzymes. However, tiha above suggestion cannot be confirmed unless some 

other s tud ies  , e .  g, immunochemical me thods e tc .  , are  employed t o  fur ther  

characterize these par t icu la r  enzymes. 

(c) ISOLATION AND PURIFICATION OF BETA-AMYLASES 

Sodium chloride solut ion (1%) was used a s  solvent t o  ex t r ac t  beta- 

amylases because i t  had been shown to  ex t r ac t  twice a s  much f r ee  amylase 

a s  water alone (138). Since f r ee  sulfhydryl group was found to  be e s sen t i a l  

i n  the enzymatically ac t ive  beta-amylaee (36, 37, 59, 139), the oxidation 



of f r e e  su l fhydryl  groups should be prevented i n  the e x t r a c t i o n  s t eps .  

'   is odium ethylene diamine te t raaceta ' te  (EDTA) was used i n  the I, rx t rac  t a n t  

t o  prevent  oxidat ion  of  su l fhydryl  groups, Traces of alpha-an~ylase p resen t  

&n ungerminated seeds of wheae and rye (133) war. found t o  be largely 

destroyed by ac id  treatment (pH 3.3 t o  4) a t  low temperature, wfthout 

much damage t o  the beta-amylase (13, 9 2 ) .  

Two component8 of enzymatically a c t i v e  beta-amylases were found i n  
0 

each rpecies .  Separat ion of  these two components could no t  be achieved 

by us ing g e l  f i l t r a t i o n  on Sephadex because of  the s i m i l a r i t y  i n  t h e i r  

chromatographic p roper t i e s .  This ind ica ted  t h a t  t h e i r  molecular s i z e s  

and molecular weights were r a t h e r  s imi la r .  Fortunately,  t h e i r  e l ec t rophore t i c  
I 

m o b i l i t i e s  were d i f f e r e n t  s o  t h a t  e l ec t rophores i s  could be employed 

ruccess fu l ly  f o r  the separa t ion  of these two components. Elec t rophores is  

was c a r r i e d  ou t  i n  aluminium l a c t a t e  b u f f e r  which had been found t o  be 

s u i t a b l e  f o r  p r o t e i n s  ex t rac ted  from wheat and o the r  c e r e a l s  (22, 38). 

Polyacrylamide g e l  (102) was used a s  a support ing medium f o r  zone 

e lec t rophoreois  ins t ead  of  s t a rch-ge l  s ince  amylases would hydrolyse the  

s t a rch-  ge 1. 

It has been found t h a t  the  prepara t ion  of  polyacrylamide g e l  i n  

a c i d i c  medium was unsuccessful  i n  presence of  a i r  (81), consequently 

the  polymer was c a s t  i n  d i s t i l l e d  water  alone and e q u i l i b r a t e d  wi th  

aluminium l a c t a t e  buf fe r  wi th  the  necessary changes of t h i s  so lu t ion  (86). 

The exclus ion of oxygen from the  g e l  by bubbling n i t rogen gas through the  

s o l u t i o n  was found necessary f o r  s a t i s f a c t o r y  c a s t i n g  of  ge l .  The time of 
. .I ... . 

po l&r iza t ion  could be rhortened by heat ing  the  s o l u t i o n  t o  40•‹C before  

the  c a t a l y s t s  were added. Polyacrylamide g e l  was found t o  have many 

advantage8 over o t h e r  ruppor t ing  media..fdt..eone e lec t rophores i s .  Its 



5 
transparency, f l e x i b i l i t y  and s t a b i l i t y  render great  usefulness t o  the t 

4 
par t icu la r  gel ,  Furthermore, the gel can be prepared i n  acid  or  a lka l ine  

, buffers and i n  a wide range of gel  concentrations (103). 

In  tha f i n a l  r t apr  of pur i f ica t ion ,  tha meyam war a lutad from tha 

gel  a f t e r  electrophoresis,  but monomeric species of the ge l l ing  agent were 

a l so  recovered with the enzyme i n  the extracted s o l u t ~ ~ o n ~  Removal of 

acrylamide could be achieved by f i l t r a t i o n  through a column of Sephadex 

G50  or  G-25. 

When each component of the pur i f ied  beta-amylases obtained from the 

f i n a l  s tep  of pur i f ica t ion  was rechromatographed on a Sephadex G-50 column, 

i t  emerged a s  a s ing le  peak. It was therefore considered t ha t  the beta- 

amylases thus obtained were chromatographically and electrophoret ical ly  

pure. 

Formerly beta-amylase was found to  be a homogeneous component when 

extracted from cerea l s  l i k e  malt (73)-, wheat (76), sweet potato (6, 24), 

soybeans (34) e tc .  In  the pas t  few years beta-amylases from some cereals  

were rerolved in to  a few components of d i f f e r en t  molecular s i ze s  by making 

use of ion-exchange chromatography and gel  f i l t r a t i o n  on Sephadex, Numi 

e t  a l .  (88, 89) found tha t  there were four immunochemically iden t ica l  

beta-amylases of d i f f e r en t  molecular s i ze s  i n  barley by using exclusion 

chromatography on Sephadex G-100 and 6-75 columns, Tkachuk e t  u l .  (132) 

resolved wheat beta-amylases i n t o  three components by ion-exchange 

chromatography on DEAE-cellulose column. 

In'tihe present s tud ies ,  two components of enzymatically ac t ive  

beta-amylases were i so la ted  from the synthet ic  species,  T r i t i c a lg ,  and 

its parental  species a s  wel l ,  The spec i f ic  a c t i v i t i e s  of the pur i f ied  

beta-amylases were found about ten times higher than the o r ig ina l  crude 

ex t r ac t s ,  Ueyer e t  a l ,  (76) reported t h a t  the spec i f ic  a c t i v i t y  of 



pur i f ied  beta-amylase from wheat was 1,450 mg maltose l ibera ted  i n  3 
, 

minutes per mg of nitrogen and Tkachuk (132) reported a value of 1,370 

mg maltose per mg nitrogen. These values were s imilar  t o  the spec i f ic  

a c t i v i t i e s  of beta-amylase components from the synthet ic  species,  T r i t i c a l e .  

The spec i f ic  a c t i v i t i e s  of beta-amylases from durum were found higher than 

these, whereas beta-amylases from rye had the lowest spec i f ic  a c t i v i t i e s .  

The beta-amylases from a l l  three sources were found to  have the same 

chromatographic proper t ies ,  They emerged from the cplumn between tube numbers 

100 and 120 i n  a l l  three cases. 

The pur i f ied  beta-amylases from the l a s t  s tep  of pur i f ica t ion  were 

found f ree  from alpha-amylase. This can be ve r i f i ed  by mixing the pur i f ied  

enzyme with 1% starch  solut ion a t  pH 5.2. One m l  of the mixture was 

t ransferred i n to  a f l ask  containing a mixture of 10 m l  of d i l u t e  iodine 

solut ion and 40 m l  d i s t i l l e d  water, The abborbance was measured a t  575 w 

(re fe r  t o  Section I), After two hours of incubation, one m l  of hydrolysate 

was again t ransferred to  another f l a sk  containing d i l u t e  iodine solut ion,  

The absorbance of t h i s  solut ion of starch-iodine complex was found unchanged. 

his revealed tha t  the pur i f ied  beta-amylases were not contaminated by 

alpha-amylase . 

(d ) ELECTROPNORETIC MOBILITXES OF BETA- AMYLASES - 
The electrophoret ic  mobi l i t i es  of the components of beta-amylases in  

the synthet ic  species were found lower than those i n  the parental  species. 

This indicates  presumably some a l t e r a t i ons  exis ted i n  the genomes of the 

rynthet ic  species and gave r i s e  t o  the beta-amylases with different: 

e lect rophoret ic  mobi l i t ies .  This resu l  t cannot be e a s i l y  reconciled with 

the hypotheris the t the intermediate cha rac t e r i s t i c s  apar t  from electrophoret ic  



mobi l i ty  were probably due t o  the  presence of both pa ren ta l  type enzymes 

and t h a t  an a r i thmet ic  mean resu l t ed .  It may, with some j u s t i f i c a t i o n ,  be 

assumed t h a t  the  t r ansc r ip t ion  of the genet ic  code on the respect ive  

chromoeormrl M A  is not  a l t e r e d .  The e lec t rophores i s  r e s u l t s  cannot, 

however, be ra t iona l i zed  on t h i s  b a s i s  and i t  indeed appears t h a t  a new 

'hybrid'  type enzyme molecule was synthesized. It is d i f f i c u l t  t o  v i s u a l i z e  

how t h i e  would be t ranscr ibed from the chromoeomal DNA present  i n  the a l i e n  

genome combinan t . 



IV.  EFFECT OF TEMPERATURE ON ACTIVITIES OF AMYLASES 
I 

Amylases, l i k e  o the r  p l a n t  enzymes (128), have been found t o  possess 
1 

a c t i v i t y  optima a t  temperaturea between 50% and 6 0 ' ~ .  Aa aeen In P i g .  12, 

the beta-amylases from three  sources had the same a c t i v i t y  optimum a t  5 0 ' ~ .  

The optimum temperatures of alpha-amylases from the three  sources were 

s l i g h t l y  d i f f e r e n t  from one another,  however, they were r e s t r i c t e d  wi th in  

the range of 5 0 ' ~  and 56'C a s  shown i n  Fig. 11. These s l i g h t  d i f fe rences  

i n  optimum temperatures of alpha-amylases may no t  be s i g n i f i c a n t  because 

t h e r e s i s  always a l i g h t  f luc tua t ion  i n  the values of o p t i c a l  densi ty  

during measurement . 
The reac t ion  r a t e  decreased rap id ly  a s  the temperature was e levated  

above the  optimum temperature. This is mainly due t o  the denaturat ion 

of the enzyme prote in .  The intramolecular  hydrogen bonds, which a r e  

e s s e n t i a l  f o r  maintenance of the secondary and t e r t i a r y  s t r u c t u r e  of the 

enzyme, break down quickly a s  the temperature increases  and t h i s  consequently 

causes denaturat ion of the enzyme, Thus the energy of hea t  inac t iva t ion  

of enzyme is necessa r i ly  always higher than the energy of a c t i v a t i o n .  

E. Ernstrom (25) found the energy of  a c t i v a t i o n  of malt amylase 

t o  be 12,300 cal./mole a t  pH 5.5 a t  a temperature range between 1 0 ' ~  and 

30•‹C. Eyring e t  a l ,  (26) determined the energy of inac t iva t ion  of malt 

amylase t o  be 41,630 c a l .  /mole, 8. Luers e t  a l ,  (69) repor ted  t h a t  malt 

amylase had a temperature c o e f f i c i e n t  of 1.96 between 2 0 ' ~  and 3 0 ' ~  and 

the energy of inac t iva t ion  of 42,500 c a l .  /mole. These values a r e  in  good 

agreement wi th  those of the alpha-amylase from durum wheat. 

It ehould be emphasized t h a t  the  values  of a c t i v a t i o n  energies  

ca lcu la ted  by Arrhenius equation correspond only t o  the apparent energies  

of clctivation (121, 124). Furthermore i t  rhould be pointed o u t  t h a t  by 
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? a c t i v a t i o n  energy of an enzyme, i t  is implied o r  understood that: i t  is 
I 

I 

1 not  the enzyme per  se which is considered bu t  i t  is assumed t h a t  the 

t . 4 .A' . 
enzyme-oubrtrate rystem i s  considered, 

I n  general ,  the  a c t i v a t i o n  energy of an enzyme system was found t o  

+ be independent of d i f f e r e n t  enviromental changes unless  these f a c t o r s  

a l t e r e d  the c a t a l y t i c  surface  of the enzyme (121). A number of workere, 

J.M. Nelson (85), I .W.  S ize r  (117, 118, 119, 120), G. Senter (113) and 

E. Nordfeldt (87) etc. reported t h a t  the p u r i t y  of an enzyme prepara t ion 

and i ts rource should no t  a f f e c t  the energy of a c t i v a t i o n  i n  most casee. 

The values of a c t i v a t i o n  a s  w e l l  a s  heat  inac t iva t ion  energies  of 

amylase-starch system f o r  syn the t i c  spec ies ,  T r i t i c a l e ,  were found t o  be 

between those of the  pa ren ta l  species .  This indica ted  t h a t  amylases of 

the r y n t h e t i c  species  had intermediate p roper t i e s  between those of the 

p a r e n t a l  species.  

The Arrheniur  p l o t e  i n  F igures  13 and 14 show o t r a i g h t  l i n e s  w i th  

a break a s  described by K.H. Meyer e t  a l .  (76) and A. Markovitz (71). 

The break has been observed i n  many cases ,  e ,g .  urease-urea system (119), 

invertase-sucrose system (124), amylase-starch system (25, 80) e t c . ,  but  

no adequate explanation has been offered.  S ize r  (121) suggested t h a t  the 

t r a n s i t i o n  might be due to  a s h i f t  i n  the conf igura t ion of enzyme molecules. 



V. INFLUENCE OF pH ON ACTIVITY 
I 

It had been found tha t  i n  some cases several  fac tors  would a l t e r  the 

optimum px vmlur, ruch a8 eyper a•’ buffor, purlty o f  rnrymacr, lenBch aP 

reaction time and temperature, e t c .  (50, 106, 140). Therefore optimum pH 

could not be regarded a s  a quant i ta t ive  cha ra t e r i s t i c  of an enzyme (66). 

lbwever, the valuer of optimum pH of amylases i n  t h i s  experiment are  

comparable with one another, since they were determined under iden t ica l  

conditions. 

Beta-amylases from the three sources showed optimum pH a t  4.6 a s  

shown. i n  Fig. 21, 22 and 23. This is p rac t i ca l l y  the same a s  malt amylases 

which has an optimum pH a t  4.4 t o  pH 4.5 determined by Sherman and Thomas 

(115). The pH-activity curves fo r  beta-amylases a re  very s imi la r  to  those 

published by Heyer e t  a l .  (87). 

Alpha-amylases from the three sources were found s tab le  over a pH 

range between 4.0 and 8.0 a s  shown i n  Fig. 18, 19 and 20. When amylases 

were incubated i n  buffer fo r  two hours before determining the a c t i v i t y ,  

an optimum pH a t  5.2 was observed i n  each case a s  shown i n  Fig. 15, 16 and 17. 

Bernfeld e t  a l .  (11) and Muus e t  a l .  (82, 83) reported tha t  alpha-amylases 

from human sa l i va  had an optimum zone between pH 4.5 and 10.5. Alpha- 

amylase from g. s u b t i l i s  was found to  have optimum pH between 5.0 and 10.0 

(72). Alpha-amylase from barley malt showed optimum pH a t  5 t o  6 (9). 

The influence of pH on a c t i v i t i e s  of amylases had been t r i ed  i n  0.02 M - 
sodium glycerophosphate-UCl a t  a pH range from 2 to  13. Beta-amylases from 

the' three source8 were found to  have the same optimum pH a t  4.6. However, 

i n  the care  of alpha-amylares, a higher peak which appeared a t  pH 4.5 t o  

5.5 and a lower peak which appeared a t  pH 9to 10 were observed i n  the 

pH-activity curves, It was found tha t  the buffer  capacity of the sodium 



glycerophosphate system a t  a high pH value (above 8) was very low, 

consequently a pH change to  a lower! value was evident when the buffer 
I 

solut ion war mixed with an equal volume of s ta rch  solut ion,  The experimental 

r e r u l t r  , which rhawsd kra pH aptlmn, wars therefore unreliable and the 

experiments were therefore repeated using the buffer systems which a r e  , 

described i n  Section C (V) , 



V I .  MICHAELIS-MENTEN CONSTANTS FOR AMYLASES 
I 

I n  most cases ,  the  r a t e  of an enzyme-catalysed reac t ion  increases  

wi th  increas ing s u b s t r a t e  concentra t ion  except where the product is i n h i b i t o r y  

t o  the  enzyme, Ordinar i ly  the r a t e  increases  u n t i l  a maximum is reached, 

, I n  1913 Michaelis and Menten (77) sought t o  extend Henri1s work. 

(46) and sugger ted t h a t  the enzyme f i r s t  formed a complex wi th  i ts  

s u b s t r a t e  and i t  subsequently broke down t o  give the f r e e  enzyme and the 

products  of the  r eac t ion ,  

The Michaelis-Menten constant  (I$,) r e f e r s  t o  the  s u b s t r a t e  concentra t ion  

a t  half-maximum reac t ion  r a t e .  That is, & = S when Vm = 2 v ,  The constant  

(G) can be expressed ao follows: 

where Vm is the  maximum v e l o c i t y ,  

v is the  v e l o c i t y  of r e a c t i o n ,  

S i r  the concentrat ion of s u b s t r a t e .  

I n  the p resen t  s t u d i e s ,  the  r a t e  of hydrolys is  of  so lub le  s t a r c h  

by alpha- and beta-amylases has been examined. It was found t h a t  the 

experimental da ta  gave a b e t t e r  f i t  when the  double r ec ip roca l  p l o t  was 

employed . 
The values  of  the Michaelis-Menten constant  (G) and maxinium 

v e l o c i t y  (Vm) f o r  both alpha- and beta-amylases from the synthet:ic spec ies ,  

T r i t i c a l e ,  were found t o  be between those of  i t s  pa ren ta l  spec ies ,  durum 

and rye.  The values  of  %, and Vm f o r  beta-amylases from these th,ree 

sources were, however, c l o s e  t o  one another ,  

The va lue r  of  the  Hichaelir-Menten conr tan t s  f o r  alpha-amylases 

a r e  much rmaller than those f o r  beta-amylases, Since a high K, value 



indicates a low enzyme-substrate a f f i n i t y  and vice versa,  alpha-amylases 
I 

mus t therefore have a higher a f f i n i t y  towards the s tarch substra te  than 

beta-amylases. I n  other words, alpha-amylaser a c t  on s tarch much f a s t e r  

than beta-amylases do. These r e s u l t s  a re  i n  agreement with the reports  

of Hopkins (49). This can be explained by the f ac t  that  alpha-amylases 

a re  endoamylases which a c t  randomly on the a-1,4 linkage of emylose and 

amylopectin molecules, whereas beta-amylases are  exoamylases which a re  

capable of attacking the polysaccharides only from the non-reducing outer 

chain ends and breaking every a l t e rna t e  bond to  produce maltose. 

Consequently the frequency factor  for  the attachment of alpha-amylases t o  

these polysaccharides is considerably greater than those of beta-amylases. 

Another in te res t ing  point is that  the value of Km fo r  alpha-amylase 

from rye i r  lower than those from durum and Tr i t i ca le .  Recalling the 

r e r u l t s  i n  Section I which indicated tha t  the puri f ied alpha-amylase from 

rye had the highest  spec i f ic  a c t i v i t y  of the three,  these r e s u l t s  a r e  

therefore i n  agreement. It is evident tha t  having a low valus of &, 

alpha-amylase from rye a c t s  on polysaccharides f a s t e r  than the other two 

alpha-amylases, hence a higher spec i f ic  a c t i v i t y  is observed, I:n the case 

of beta-amylases, the same phenomenon occured, 

These r e s u l t s  showed both alpha- and beta-amylases of the synthet ic  

species,  T r i  t i c a l e  (AABBRR) , have an intermedsate a f f i n i t y  towards the 

s ta rch  substra te  . These observe t ions  indicated tha t  the intermediate 

proper t ies  of the biological ly  ac t ive  amylase8 i n  the hybrid species,  

T r i t i ca l e ,  may i n  pa r t  be inher i ted from both parental  species a8 a 

d i r e c t  r e s u l t  of the interact ion between the two parent genomes i n  the 

hybrid rpecier. 



V I I .  SULFHYDRYL GROUPS I N  BETA-AMYLASES 
I 

Weill e t  a l .  (139) and Englard e t  a l .  (24) reported tha t  the  a c t i v i t y  

a9  beta-amylare war der t rayed by 8H-rsapaner, rueh a r  pkeaylmeteurLe shlerlde, 

p-chloromercuric benzoic a c i d ,  iodoacetamide e t c .  A conclusion was reached 

t h a t  su l fhydry l  groups were involved i n  the a c t i v e  cen te r  o f  beta-amylase 

and the i n a c t i v a t i o n  was apparent ly  due t o  intramolecular  oxidat ion  of 

su l fhydryl  groups t o  the  d i s u l f i d e  form, M. I t o  e t  e l ,  (54), T. I t o  e t a l .  

(55), A. Ger t l e r  e t  a l .  (28, 37) and J.A. Thoma e t  a l ,  (129) repor ted  t h a t  

f r e e  aul fhydryl  group8 were e s s e n t i a l  i n  the enzymatically a c t i v e  beta-  

amylases. 
I 

The r e s u l t s  of the  p resen t  s t u d i e s  showed t h a t  beta-amylases from 

durum had the  h ighes t  f r e e  su l fhydryl  content8 of the three  species .  The 

f r e e  su l fhydryl  contents  i n  beta-amylases from T r i t i c a l e  (AABBRR) were . 
again found t o  be between those of  the  pa ren ta l  species ,  durum (AABB) and 

rye  (RR). It is apparent  t h a t  those beta-amylases with higher s p e c i f i c  

a c t i v i t i e s ,  i.e. beta-amylases from durum, would have the  higher f r e e  

su l fhydry l  contents ,  The two be ta-amylase components from the same spec ies  

had p r a c t i c a l l y  the  same f r e e  su l fhydry l  contents .  

I n  order  t o  compare these  values  wi th  those l i s t e d  i n  the l i t e r a t u r e ,  

i t  is necessary t o  express the  su l fhydry l  contents  i n  terms of numbers of 

eul fhydryl  groups per  enzyme molecule. Aesuming the molecular weight of 

wheat beta-amylase was 64,200 a s  repor ted  by Tkachuk (132), and in t roducing 

the  p r o t e i n  n i t rogen  f a c t o r  of  6.25 (33), the  numbers of  sulf t iydryl  groups 
. 4 . b .  . 

per  enzyme molecule were ca lcu la ted  and suomsarieed,in the  fol lowing table:  



sample Be ta-amylases , No, of SY groups/ molecule 

Component 1 

Component 2 

Component 1 

Component 2 

Component 1 

Component 2 

The r e s u l t s  i n  the above table  showed tha t  beta-amylases: from durum 

wheat had four f ree  sulfhydryl groups per molecule, This is  i n  good 

agreement with the report  of R, Tkachuk e t  a l .  (132) who found tha t  wheat 

beta-amylases possessed four sulfhydryl groups per molecule, 

When the t i t r a t i o n e  were car r ied  out i n  the preaence of 8g urea,  the 

r e s u l t s  were p rac t i ca l l y  the same within experimental e r rors .  This revealed 

t h a t  the sulEhydry1 groups i n  the nat ive  beta-amylase were not masked. 

The r e s u l t s  concerning the numbers of f ree  rulfhydryl groups per 

enzyme molecule show tha t  beta-amylases of the synthet ic  species ,  T r i t i c a l e ,  

have an average value of those i n  the parental  species. This observation 

gives r i s e  t o  a suggestion tha t  amylases i n  the synthet ic  species were 
I 

probably composed of an equal amount of amylacres which were produced by 

the parental  genomes AABB and RR, respectively.  This does no t ,  however, 

r u l e  out  the pos s ib i l i t y  t ha t  a new enzyme molecule with a hybrid character  

(s t ructure ,  composition e t c . )  had been produced a s  a r e s u l t  of an a l i e n  

genome in te rac t ion ,  Since the genomes of the synthet ic  species a re  an 

ar i thmet ic  addit ion o r  composite of both of 'the parental  genomes, i t  seems 

probable t h a t  the genome8 from each parental  species d i r e c t  the biosynthesis 



of  t h e i r  p a r t i c u l a r  type of amylases. 
I 

The determination of d i s u l f i d e  l inkages i n  alpha- and beta-amylases 

was attempted, b u t  i t  war no t  succeseful  employing t h i s  spectrophotometric 

method. The reduction of d i s u l f i d e  bonds i n  amylases wi th  sodium borohydride 

repor ted  by B.K. Seon e t  a l .  (114) was followed. The reduced enzyme was then 

t i t r a t e d  wi th  mersalyl  ac id .  Unfortunately., the  end po in t  could n o t  be 

observed. This  was because the components of  the  reduction mixture 

i n t e r f e r r e d  wi th  the  t i t r a t i o n ,  Fur ther ,  the  excess eodium borohydride 

may reduce the  co lo r  of  dye s o l u t i o n  a s  we l l ,  

The r e a u l t  t h a t  no f r e e  su l fhydryl  groups e x i s t e d  i n  alpha-amylases 

of  T r i t i c a l e  a s  w e l l  a s  the  p a r e n t a l  spec ies ,  is coincident  wi th  the  f indings  

t h a t  no f r e e  su l fhydry l  groups have been found i n  a l l  alpha-amylases s o  f a r  

inve r t iga ted  (1, 16, 58, 94). 



E. CONCLUSIONS 
I 

The charac te r i za t ion  of alpha- and beta-amylases of the  hexaploid 

ryneba t l a  rpaalao , Vr i tLoa le  (AU)bRR) , an8 eha patental r p r s i o a  , eettegle id 

durum wheat (AABB) and d i p l o i d  rye  (RR) , showed t h a t  s i m i l a r i t i e s  and some 

d i s s i m i l a r i t i e s  e x i s t e d  i n  t h e i r  physica l  and chemical p roper t i e s .  I n  

most cases ,  amylases of the  hybrid spec ies ,  T r i t i c a l e ,  were shown t o  have 

c h a r a c t e r i s t i c s  intermediate between those of  the  pa ren ta l  species .  

The chromatographic p r o p e r t i e s  of both alpha- and beta-amylases of 

the  s y n t h e t i c  spec ies ,  T r i t i c a l e ,  and the  pa ren ta l  spec ies  were e s s e n t i a l l y  

the  same; f u r t h e r ,  the  beta-amylases of these  three  sources had i d e n t i c a l  

temperature and pH optima, Alpha-amylases of the  th ree  sources had i d e n t i c a l  

pH optima while the  temperature optima were s l i g h t l y  d i f f e r e n t  b u t  no t  

s i g n i f i c a n t l y  so. 

These r e s u l t s  ind ica ted  two p o s s i b i l i t i e s  f o r  the  explanation of 

b iosyn thes i s  of  the  a c t i v e  amylases i n  the  p a r t i c u l a r  Alien genome 

combinant, F i r s t  , the  genomes i n  the  s y n t h e t i c  spec ies ,  T r i t i c a l e  (AABBRR) , 

d i r e c t  the  syn thes i s  of  two kinds  of a c t i v e  amylases which a r e  i d e n t i c a l  

wi th  those i n  the p a r e n t a l  s p e c i e s  and were produced i n  more o r  l e s s  

equal  amounts, and the  mixture of these  amylases gave rise t o  the  observed 

intermediate p roper t i e s .  Secondly, the  b iosynthes is  of a c t i v e  amylases 

i n  the  p a r t i c u l a r  a l i e n  genome combinant was i n h e r i t e d  from the genomes 

o f  both of  the  p a r e n t a l  spec ies ,  and there  presumably e x i s t s  some form 

of i n t e r a c t i o n  between the two p a r e n t a l  genomes i n  the hybrid spec ies  

t o  'give rise t o  new in termedia te  o r  'hybrid'  product.  

The g r e a t e r  p a r t  of  the  r e s u l t s  i n  the  p resen t  s t u d i e s  ind ica ted-  

t h a t  both  alpha- and beta-amylases of  the  s y n t h e t i c  spec ies  had values  

of s p e c i f i c  a c t i v i t i e r ,  apparent  ene rg ies  of  a c t i v a t i o n  and h e a t  
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