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INTRODUCTION 

Biochemical gene t i c s  has r e l a t i v e l y  r ecen t ly  become 

an increas ingly  important f i e l d  of a c t i v e  research.  Because 

of some obvious t echn ica l  considerat ions,  r a t h e r  simple 

l i v i n g  organisms (bac ter ia ;  v i ruses ,  molds, y e a s t s )  lend 

themselves t o  such s tud ies .  The syn thes i s  and charac ter i sa-  

t i o n  of a l i e n  genome combinations ( syn the t i c  spec ies )  within 

c e r t a i n  c e r e a l  spec ies  has opened a new f i e l d  of investiga- 

t i o n  i n  t h i s  genera l  a rea .  Understandably t h e  g r e a t e r  t h e  

number of chromosomes involved, t h e  g r e a t e r  w i l l  be t h e  

gene t i c  complexity. 

A s  e a r l y  as 1888, Rimpau produced a hybrid of Secale 

c e r e a l s  ( rye )  and Trit icum species .  This hybrid spec ies  has 

been appropr ia te ly  named T r i t i c a l e .  The e a r l i e r  "hybrid" 

genome syn thes i s  were mainly confined t o  the  production of 

octaploid T r i t i c a l e  by combining t h e  d ip lo id  rye  genomes with 

t h e  s i x  genomes of hexaploid wheat eg. Triticum vulgare.  

Hexaploid T r i t i c a l e  has been produced by combining the  two 

genomes of d ip lo id  rye with t h e  four  genomes of some of t h e  

more pr imi t ive  t e t r a p l o i d  wheats eg. Trit icum durum. 

Colchicine, an  a lka lo id ,  is  known t o  prevent c e l l  d i f f e r e n t i a -  

t i o n  without i n h i b i t i n g  chromosome dupl ica t ion .  A zygote 

with genome combination of ABR is formed when a t e t r a p l o i d  

wheat, Tri*icum durum (AABB) is crossed with t h e  d ip lo id  rye,  

Secale c e r e a l s  (RR). I n  the  presence of co lchic ine ,  t h i s  



zygote undergoes mi to t i c  d i v i s i o n  without c e l l  d i f f e ren t i a -  
I 

t i o n ,  s o  t h a t  t h e  hexaploid s y n t h e t i c  spec ies  T r i t i c a l e  

(AABBRR) is produced. Considerable research towards the  

development of these  spec ies  is being ca r r i ed  out a t  t h e  

Universi ty  of Manitoba, Winnipeg, Manitoba. (1)  

The present  t h e s i s  descr ibes  inves t iga t ions  which 

were involved i n  at tempts  t o  e s t a b l i s h ,  by chemical and 

enzymic approaches, whether an  observable change i n  the  

s t r u c t u r e  of t h e  s t a r c h  components occurred when t h e  genomes 

of t h e  two pa ren ta l  spec ies ,  rye  ( v a r i e t y  P r o l i f i c ,  RR) and 

durum wheat ( v a r i e t y  Stewart ,  AABB) were combined t o  g ive  t h e  

hexaploid s y n t h e t i c  spec ies  T r i t  i c a l e  (AABBRR) . 
The problem could, f o r  example, be inves t iga ted  under 

t h e  following parameters: 

(1) W i l l  t he re  be any observable a l i e n  genome-induced 

change i n  t h e  amylose over amylopectin r a t i o  i n  t h e  s t a r c h  

i so la ted  from these  t h r e e  spec ies?  

( 2 )  Could amylose and amylopectin be f r ac t iona ted  i n  

s u f f i c i e n t l y  l a r g e  q u a n t i t i e s  f o r  d e t a i l e d  analys is?  

(3) What i s  t h e  s t r u c t u r e  of amylose and amylopectin? 

i e  molecular weight and degree of branching? 

( 4 )  W i l l  t h e r e  be any new l inkages r e s i s t a n t  t o  

enzymic degradation, and what i s  t h e  percentage of conversion 

1 i n t o  maltose? 

I ( 5 )  W i l l  t h e r e  be any new o r  d i f f e r e n t  l inkages 

j r e s i s t a n t  t o  per iodate  oxidation? If  so ,  could they be char- 

ac ter ized?  



(6 )  I n  the  event t h a t  chemically observable changes 
I 

were introduced i n  t h e  s y n t h e t i c  spec ies ,  how could t h i s  best 

be i n t e rp re ted  on the  b a s i s  of present  knowledge of bio- 

chemical genet ics?  
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LITEMTURE REVIEW 

Photosynthesis, the assimilation of carbon dioxide 

in green plants, is the most important biochemcial and bio- 

physical process on this planet from both a qualitative and 

quantitative point of view. It is not surprising, therefore 

that starch, which is the main end product of photosynthesis, 

has historically been a topic of active research. 

The hydrolysis of starch by mild acid and by hydrolxt- 

ic enzymes yields large amounts of glucose and maltose, 

respectively. This immediately suggests that the basic struc- 

tural architecture is concerned with a polymer composed of 

glucose and this has been supported by elementary analysis 

giving the formula C6H1005. 

Meyer and his associates (2) were the first to dis- 

cover that starch was heterogeneous and in fact was composed 

of two fractions namely amylose (the linear fraction) and 

amylopectin (the branched fraction). They demonstrated that 

these two fractions are chemically, physically and enzymically 

distinguishable . 
As first introduced by Meyerts group, one of the 

typical methods of separating amylose from amylopectin is 
i based on the fact that amylose is soluble in hot water 
, 
I 

I (70-80 C )  whereas amylopectin is relatively less soluble. 

i 
I 

Later, Schoch (3) discovered that amylose is selectively 
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prec ip i t a t ed  with n-butanol with which it forms a c r y s t a l l i n e  

complex. A f t e r  removal of t h e  amylose complex by centr i fuga-  

t i o n ,  amylopectin could then  be recovered from t h e  super- 

na tan t  s o l u t i o n  by freeze-drying. Since t h e  in t roduct ion  of 

t h e  above method, many o t h e r  so lvents  auch as n-amyl a lcohol ,  

thymol ( 4 )  and cyclohexanol (4,  5)  were found t o  be even 

b e t t e r  p r e c i p i t a n t s  (complexing agents )  than n-butanol. An- 

o the r  method using magnesium s u l f a t e  as a s e l e c t i v e  salting 

out agent f o r  amylose has been developed by Muetgeert. (6 )  

Various methods have been developed f o r  est imating 

t h e  molecular weight and inves t iga t ing  t h e  f i n e  s t r u c t u r e  of 

s t a r c h  and i t s  components. Exhaustive methylation followed 

by subsequent ac id  hydrolysis  is a procedure of wide usage 

which w a s  developed some time ago by Haworth and Machemer. (7)  

In t h i s  method, a s m a l l  amount of 2, 3 ,  4, 6-tetramethyl-o(-D- 

glucose is produced i n  add i t ion  t o  a l a r g e  quan t i ty  of 2,  3 ,  

6-trimethyl-d-D- glucose. The te tramethyl  glucose corresponds 

t o  t h e  non-reducing te rminal  ends i n  both amylose and amy- 

l o p e c t i n  and thus  c o n s t i t u t e s  a form of end-group ana lys i s .  

I n  t h i s  manner, t h e  s i z e  of t h e  repeat ing  u n i t  f o r  amylopectin 

w a s  found t o  be 18-24 d -D- glucose u n i t s .  (8) Hethylated 

s t a r c h  amylose usual ly  has one 2, 3, 4,  6-tetramethyl-4-D- 

glucose end-unit f o r  158-1000 2, 3, 6-trimethyl-o~-D- glucose 

u n i t s .  

Another important method involves per iodate  oxida- 

t i o n  and t h e  t i t r a t i o n  of formic ac id  which is l i b e r a t e d  

during t h e  course of oxidation. This procedure w a s  elaborated 

by H i r s t  and h i s  co l labora tors .  (9, 10,  11)  During periodate  



oxidat ion,  both the  non-reducing and reducing end-groups 

o r d i n a r i l y  produce 1 mole each of formic ac id ,  however, 2 

moles a r e  formed from t h e  reducing end-group i f  t h e  in te r -  

mediate formate e s t e r  is hydrolyzed. No formic ac id  is 

formed i n  t h e  c e n t r a l  p a r t  of t h e  polymer molecule. It 

follows the re fo re  t h a t ,  i n  the  case of amylose, formic ac id  

produced may be used as a d i r e c t  measure of t h e  degree of 

polymerization (D.P). I n  amylopectin, t h e  proportion of re- 

ducing end-groups is  small compared with t h a t  of the  non-re- 

ducing end-groups. Theore t ica l ly ,  only one reducing glucose 

u n i t  should be present i n  an ufidegraded amylopectin molecule, 

and the  formic ac id  produced from t h i s  reducing end group can 

thus  be ignored. However, a q u a n t i t a t i v e  measurement of t h e  

formic ac id  formed should g ive  a measure of t h e  average 

chain-length of t h e  branches. This was found t o  vary from 

1 9  - 27. (12) 

Smith e t  a1 (13, 14,  15) reported t h a t  per iodate  

oxidat ion followed by reduct ion with e i t h e r  hydrogen and a 

Raney n i c k e l  c a t a l y s t  o r  with sodium borohydride (16) i n  

aqueous s o l u t i o n  represented a genera l  a n a l y t i c a l  procedure 

which can be appl ied t o  polysaccharides.  The polyalcohol 

formed a f t e r  the  reduct ion of t h e  polyaldehyde can then be 

hydrolyzed p a r t i a l l y  o r  completely by using d i f f e r e n t  

s t r eng ths  of ac ids .  By us ing  t h e  above method, Smith (13) 

found t h a t  glycogen and amylopectin contain about 1.0 and 

0.5% glucose re spec t ive ly  which is evident ly  immune t o  g lycol  

cleavage even a f t e r  prolonged treatment with sodium periodate.  

S imi lar ly ,  amylose contains  approximately 0.2 - 0.5 percent 
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glucose. Glycerol and erythritol formed after acid hydro- 
L 

lysis of the polyalcohol were determined, after paper 

chromatographic separation, by periodate oxidation and 

determination of the formaldehyde formed using the chrornotropic 

acid method. (17) The molar ratio of these compounds was 

calculated and formed the basis for determining the ratio of 

non-terminating to terminal non-reducing units of the mole- 

cule. The above authors obtained a value of 16 for waxy maize 

starch. 

Since the above methods can only derive an average 

value for the length of the repeating units for a branched 

polymer, a number of chemical methods have been used in 

determining the aldehydic end-residues present in poly- 

saccharides.(18, 19, 20, 21) Unrau (22) found that by using 

sodium borohydride followed by periodate oxidation, two moles 

of formaldehyde were formed per every reducing end-group of 

some particular polysaccharides. The formaldehyde determined 

by the chromotropic acid method could be used to estimate the 

molecular weight of polysaccharides . (22) 
Amylases have contributed significantly in the 

elucidation of the molecular structure of starch and its 

components, and other related polysaccharides. In the case 

of amylose, complete beta-amylolysis may occur as initially 

reported by Meyer. (21) However, amylolysis has been shown 

to stop frequently at 70-8% hydrolysis as shown by Peat 

et al. (23, 24) The existence of abnormal linkages in amylose 

which act as a barrier to beta-amylolysis has been investigated 



Amylose 

I Fig.1 Chemical structure of amylose and amylopectin. 

A. Reducing end; B. Non-reducing end 



by Kjolberg and Ivlanners. (25) For amylopectin, beta- 
I 

amylolysis is incomplete , yielding residual beta-limit 
dextrin. 

Alpha-amylase attacks both amylose and amylopectin 

in a random manner and differences in enzymic properties of 

individual alpha-amylase have been found. (26, 27) Of all 

the starch-splitting enzymes, alpha-amylase is preeminently 

the one most widely used in industrial processes. In pure 

research, it gives way to beta-amylase in usefulness as an 

agent for achieving quantitative conversion of starch. 

It is now well established that amylose is an 

essentially linear molecule consisting of D-glucose units 

joined by 6 -1, 4-glucopyranoside linkages and possesses a 

molecular weight ranging from 10,000 to 100,000. On the 

other hand, amylopectin is a highly branched molecule of 
I 

I 
I varying chain length and is linked by d-1, 6-bonds to the 
t 

1 main 0(-1, &linked chain with a molecular weight ranging 
I 
I 
i 

from 50,000 to 1,000,000. The basic structure of each is 

showninfigurel. i 
[ 

E The biosynthesis of starch (28) deserves a few 
F 

comments. Phosphorylase was long thought to be involved in 

the synthesis of polysaccharides. However, in the light of 

present knowledge, phosphorylase is now believed to be a 

degradative enzyme only. On the other hand, nucleotide 

sugars are found to be the actual glycosyl donors. Adenosine 

diphosphate glucose (ADPG) was found by Recondo and Leloir 

(29) to be the most effective in the biosynthesis of starch. 
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Amylopectin is subsequently synthesized through t h e  ac t ion  
I 

of the  Q-enzyme which w a s  first described by Haworth and 

Peat.  (30) .  This enzyme a c t s  as a t ransglycosylase t ransfer -  

ing  a segment of a chain t o  pos i t ion  6 of a glucose u n i t  

belonging t o  a d i f f e r e n t  chain. This t r a n s f e r  is most l i k e l y  

an  i r r e v e r s i b l e  and non-phosphorylytic enzymic reac t ion .  A 

similar enzyme, t h e  branching enzyme is respons ib le  f o r  t h e  

synthes is  of t h e  branched chain s t r u c t u r e  of glycogen. 
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EXPbK@IBNTAL METHODS AND RESULTS 

Extrac t ion  of S tarch  from Flour Using t h e  Alkal ine 

Digestion Nethod 

A sample (20 grams) of f l o u r ,  which w a s  prewetted 

with absolu te  alcohol ,  was added t o  560 m l  2% sodium hydrox- 

ide  so lu t ion  and subsequently 400 mg of sodium borohydride 

added as well .  The mixture w a s  s t i r r e d  i n  a Waring Blendor 

f o r  30 minutes a t  a low speed, a f t e r  which t h e  mixture was 

boiled f o r  4 hours with constant  s t i r r i n g .  Antifoam w a s  

added t o  prevent foaming. Af te r  cool ing i n  an  i c e  bath,  t h e  

s o l u t i o n  was neut ra l ized  with g l a c i a l  a c e t i c  ac id  and t h e  

s t a r c h  p rec ip i t a t ed  by add i t ion  of e thanol  ( 1 : l O  i n  volume) 

with vigorous s t i r r i n g .  The s t a r c h  w a s  co l lec ted  a f t e r  

s tanding overnight,  washed t h r e e  t imes with ethanol ,  four  

times with acetone and d r i ed  i n  a des icca tor .  The y ie ld  

was 13.35 grams, 11.5 grams and 11.6 grams f o r  durum, rye  

and T r i t i c a l e , r e s p e c t i v e l y .  

B. Determination of the  Nitrogen Content of Starches 

The n i t rogen content of t h e  s t a r c h  prepared as 

described above w a s  determined using Ness ler ' s  reagent.  (31) 

Ammonium s u l f a t e  was used as a standard and t h e  standard 

Curve is shown i n  Figure I. 



C . Fractionation of Amylose and Amylopect in 
I 

Montgomery (32) found that pretreatment of starch 

with certain organic solvents such as glycerol, cellosolve, 

dioxane or n-butanol tends to facilitate starch fractionation. , 

These solvents have the common properties that they extract 

fat from starch in the above pretreatment, but more import- 

antly, amylose binding or hydrogen bonding is significantly 

reduced. 

Starch (8grams) was suspended at a 5% concentration 

in 7% glycerol (90 ml of glycerol plus 40 ml of water) and 

stirred slowly while heated in a flask placed in a tempera- 

ture controlled water bath. During pretreatment and extrac- 

tion, the solution was thoroughly purged with nitrogen gas 

to minimize possible oxidative degradation. The bath 

temperature was regulated to permit raising the temperature 

of the solvent-starch mixture from 3OoC to 89% in 1 to 13 

hours and was kept at that temperature an additional hour. 

After cooling to 250C, the suspended starch was precipitated 

in 10 volumes of ethanol, the starch separated by filtration 

and washed with ethanol until essentially free of glycerol. 

The wet starch was slurried in 100 ml of water and added to 

400 ml of water at 980C, then maintained at that temperature 

for 11-15 minutes with constant stirring. The pH of the 

solution was held at 6.0 - 6.3 with phosphate buffer. The 

solution was cooled to room temperature by immersion in an 

ice bath at 0-20C. The residue, which consisted mainly of 

undissolved starch granules and some amylopectin, was removed 



Table 1 

Some Proper t ies  of I so la ted  Starches 

Sample Nitrogen % Amylose $* Blue Value Beta-limit  Dextrin 5 

T r i r i c a l e  0.214 26.8 0.291 27.2 

"Average of  t r i p l i c a t e  values.  
.1 
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by cent r i fugat ion .  The supernatant was heated t o  boi l ing ,  
I 

during which time n i t rogen gas bubbled through t h e  so lu t ion ,  

and held a t  b o i l i n g  temperature f o r  30 minutes. Cyclohexanol 

(5  m l )  ( 5 )  was added, and b o i l i n g  continued f o r  an  add i t iona l  

30 minutes a f t e r  which time t h e  s o l u t i o n  was allowed t o  cool  

t o  room temperature and l e t  s tand overnight.  The p rec ip i t a t -  

ed amylose-cyclohexanol complex was removed by centr i fuga-  

t ion .  The supernatant  s o l u t i o n  l e f t  contained mainly amylo- 

pect in .  Amylose was resuspended i n  water and pur i f i ed  by a 

r e p e t i t i o n  of t h e  above whole process 4 times. The f i n a l  

amylose-cyclohexanol complex w a s  suspended and s t i r r e d  i n  

methanol f o r  30 minutes and t h e  amylose col lec ted  by suc t ion  

f i l t r a t i o n  followed by s e v e r a l  washings with acetone. The 

product w a s  d r i ed  i n  a des icca to r ;  the  y ie ld  f o r  durum,rye 

and T r i t i c a l e  w a s  1.25 grams, 0.97 grams and 1.60 grams 

respect ive ly .  

The same procedure w a s  repeated f o r  t h e  supernatant 

s o l u t i o n  i n  order  t o  remove t r a c e s  of amylose. The amylo- 

pec t in  w a s  then f u r t h e r  pur i f i ed  by passing t h e  s o l u t i o n  

through a paper column as described by Winkler. (33) 

P u r i f i c a t i o n  

A t i g h t l y  r o l l e d  paper column ( l eng th  10  cm, diameter 

7 mm) w a s  placed i n  a g l a s s  column and a s t i r r i n g  rod forced 

down the  center .  The supernatant  s o l u t i o n  containing amylo- 

pec t in  ( see  previous sec t ion)  w a s  d i l u t e d  with an equal 

volume of dioxane, making t h e  t o t a l  volume about 800 m l .  The 
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s o l u t i o n  w a s  then passed through t h e  column a t  a flow r a t e  

adjusted t o  about 5-10 m l  per  hour. Amylose, i f  present ,  

would be absorbed s e l e c t i v e l y  by t h e  paper column. Amylo- 

pec t in ,  which w a s  no t  absorbed, would pass through t h e  

column and would be f r e e  of amylose, The column w a s  f i n a l l y  

washed with 50$ dioxane so lu t ion .  The e l u a t e  w a s  concent- 

r a t ed  under reduced pressure i n  a r o t a r y  evaporator and the  

polysaccharide p rec ip i t a t ed  i n  .acetone. Af te r  seve ra l  

changes with acetone, t h e  product w a s  a r i e d  i n  a des icca tor .  

The y i e l d  f o r  durum, rye  and T r i t i c a l e  amylopectin w a s  2,3 

grams, 2.75 grams and 2.2 grams respect ive ly .  

6 ,  Determination of t h e  P u r i t y  of Amyloses 

The p u r i t y  of t h e  amylose prepared w a s  compared t o  a 

reference  sample (A pota to  amylose, product of Nut r i t iona l  

Biochemical Corp.) by t h e  iodine  absorpt ion method described 

by MacCready and Hassid, (34) The absorbance of t h e  standard 

reference  was measured over a s e r i e s  of wavelengths i n  a spectro- 

photometer and t h e  optimum wavelength determined (645 y). 
Absorption measurements f o r  t h e  standard curve were con- 

sequent ly made a t  t h i s  wavelength. The absorpt ion curve of 

t h e  reference amylose and t h e  atandard curve a r e  shown i n  

Figure I1 and Figure 111 respect ive ly ,  

About 100 m g  of prepared amylose was prewetted with 

2 ml of abso lu te  ethanol,  then  2 m l  of 10$ sodium hydroxide 

was added followed by 30 m l  of water. The amylose suspension 

was s t i r r e d  i n  i c e  bath with n i t rogen gas passing through the  
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suspension until the polysaccharide was dissolved (about 2- 

3 hours). The volume of the solution was adjusted to 100 ml, 

1 ml aliquots were withdrawn, followed by neutralization 

with hydrochloric acid 1 ml of KI-I2 solution ( I ~  2 mg/ml, 

KI 20 mg/ml) was added and the solution diluted to 100 ml. 

The absorbance was measured at 645 my. Purity of the amylose 

was found to be 9%, 91.5% and 92"joor durum,rye and 

Triticale respectively. Since it was suspected that refer- 

ence sample differed from the amyloses isolated, the absorp- 

tion curve of these amyloses was compared using higher con- 

centration. The result is shown in Figure IV. 

F. Determination of the Purity of Amylopectins 

The purity of the prepared amylopectins was deter- 

mined as described by Wintler (33) without any modification. 

It was found that the amylopectins prepared were pure and 

free of amylose. 

G. Determination of the Amylose Content in the Isolated 

Starches 

The amylose content of the isolated starches was 

determined calorimetrically, using the MacCready and Hassid 

Method. (34) The procedure was essentially the same as in 

the determination of the purity of amylose. The results 

obtained are shown in Table 1. 
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H. Determination of Blue Va1,ue 

The Blue Value of t h e  i so la ted  s t a rches  w a s  deter-  

mined following t h e  procedure described by Gi lbe r t  and 

Spragg. (35) The values measured f o r  t h e  i so la ted  s t a r c h  

and amyloses a r e  recorded i n  Table 1 and Table 4 respect ive ly .  

I. Periodate  Oxidation Studies  on t h e  Amyloses and Amylo- 

pec t ins  

( i )  Per iodate  Consumption Studies  

Small amount of t h e  prepared amyloses and amylopectins 

were subjected t o  per iodate  oxidat ion according t o  the  method 

of Abdel-Akher and Smith. (36) 

The polysaccharides (about 100 mg) were dissolved i n  

d i l u t e  a l k a l i .  The s o l u t i o n s  were cooled, a f t e r  neut ra l iza-  

t i o n  with a c e t i c  ac id ,  t o  5% 0.5 M sodium periodate  solu- 

t i o n  (5  ml) was added and t h e  s o l u t i o n  then adjusted t o  a 

desired volume. The oxidat ion was allowed t o  proceed a t  

50C i n  t h e  dark.  A blank w a s  t r e a t e d  i n  exact ly  t h e  same 

way. The consumption of per iodate  (37) w a s  determined as 

followed: Aliquots of the  oxidat ion s o l u t i o n  were t r ans fe r red  

t o  a f l a s k  containing 1.5  grams of sodium bicarbonate and an 

excess of standard sodium a r s e n i t e ,  followed by add i t ion  of 

1 m l  2% potassium iodide so lu t ion .  Af te r  s tanding f o r  15 

minutes, t h e  excess sodium a r s e n i t e  w a s  t i t r a t e d  with stand- 

ard 0 . m  - iodine s o l u t i o n  using f r e s h l y  prepared s t a r c h  as 

t h e  indica tor .  The blank was t r e a t e d  i n  a similar manner 

and t h e  volume of standard iodine s o l u t i o n  used f o r  the  



sample w a s  determined by d i f fe rence  from t h e  two t i t r a t i o n  
s 

values.  The amount of period.ate consumed by the  poly- 

saccharides w a s  ca lcula ted  i n  moles pe r  glucose u n i t .  The 

r e s u l t s  a r e  shown i n  Table 2 and Table 3 respect ive ly .  A 

one t o  one molar r a t i o  was achieved i n  moles of per iodate  

uptake per  mole of glucose f o r  both amyloses and amylo- 

pec t ins .  These values a r e  expected f o r  normal amylose and 

amylopectin. 

(ii) Formic Acid Production i n  t h e  Periodate  

Oxidat ion of Amyloses and Amylopectins 

The formic ac id  produced during t h e  per iodate  oxida- 

t i o n  was determined as described by Shasha and Whistler.  (38) 

The amount of formic ac id  l i b e r a t e d  was used t o  

c a l c u l a t e  t h e  number of non-reducing end u n i t s  i n  t h e  amylo- 

pec t ins  as well  as the  molecular weight of t h e  amyloses. 

The r e s u l t s  a r e  shown i n  Table 4 and Table 5 f o r  amylose and 

amylopectin respect ive ly .  

( i i i )  Formaldehyde Determination Upon Periodate  

Oxidation of Borohydride-Reduced Amyloses 

and Arnylopectins 

The formaldehyde l i b e r a t e d  during t h e  per iodate  

oxidat ion of reduced amylose and amylopectin was determined 

us ing  t h e  chromotropic ac id  method. (17) B r i e f l y  t h e  proce- 

dure (39) w a s  as follows: 

Polysaccharide (about 400 mg f o r  amylopectin, 100 mg 

f o r  amylose) w a s  wetted with ethanol  and dissolved i n  d i l u t e  



Time i n  Moles of Periodate Consumed per Mole 
Hour of Glucose 

Standard Durum RY e Tr i t i ca l e  

24 0.96 0.85 0.92 0.84 

48 0.97 0.89 0.90 0.86 

72 0.99 0.93 0.96 0.91 

96 0 99 0.96 0.99 0.95 

120 1.00 0.98 1.02 0.94 

144 1.01 1.00 1.03 1.00 

Table 2 

Periodate Oxidation Studies of 

Amyloses 



Table 3 

Periodate  Oxidation Studies  of Amylo- 

pec t ins  

Time i n  Moles of  Periodate  Consumed pe r  Mole 
Hour of Glucose 

Durum Rye T r i t  i c a l e  

24 0.80 0.80 0.86 

56 0.94 0 94 0.94 

102 0.94 0.99 0.99 

161 0.99 1.04 1.09 

190 1.00 1.08 1.09 
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a l k a l i .  Sodium borohydride ( 1  m l ,  conc. 0*5 g / m l )  w a s  added. , 

The reac t ion  was allowed t o  proceed f o r  24 hours a f t e r  which 

t h e  excess sodium borohydride w a s  decomposed by adding 8 ml 

of 10N - a c e t i c  acid.  The pH of t h e  s o l u t i o n  w a s  found t o  be 

about 3.78. The s o l u t i o n  was cooled t o  50C and 1 0  m l  of 

0.5 M - sodium periodate  was added and t h e  volume adjusted t o  

100 m l .  The oxidat ion w a s  ca r r i ed  i n  t h e  dark at  ~ O C ,  and 

pe r iod ica l ly  a 2 m l  a l i q u o t  of t h e  oxidat ion s o l u t i o n  w a s  

t r ans fe r red  t o  a t e s t  tube and t h e  per iodate  ions precip- 

i t a t e d  with sa tu ra ted  lead  a c e t a t e  ( 3  m l ) .  A l eng th  of 

d i a l y s i s  tubing containing 5 m l  of d i s t i l l e d  water was 

introduced i n t o  t h e  tubes and t h e  systems were allowed t o  

e q u i l i b r a t e  overnight with shaking, One m l  a l i q u o t s  of t h e  

d i a l y s a t e  were t r ans fe r red  t o  cen t r i fuge  tubes and 10  ml of 

t h e  chromotropic ac id  added. Lead s u l f a t e  t h a t  formed was 

removed,by cen t r i fuga t ion  and the  r e s u l t i n g  c l e a r  so lu t ion  

was t r ans fe r red  t o  t e s t  tubes and t h e  contents heated f o r  

30 minutes i n  t h e  absence of l i g h t .  The absorbance was 

measured at  570 my i n  a spectrophotometer. The amount of 

formaldehyde present  was determined by reference t o  a stand- 

ard curve from e r y t h r i t o l  which is shown i n  Figure V. A t  

t h e  end of t h e  oxidation, per iodate  consumption w a s  deter-  

mined as described previously.  

J. Enzymic Degradation Studies  

( i) Alpha-Amylas e Degradation 

( a )  Determination of Alpha-Amylase Act iv i ty .  The 

alpha-amylase used was a commercially a v a i l a b l e  b a c t e r i a l  
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enzyme." The method used w a s  ,that of Fischer  and S t e i n  (40 

as described by Whelan. (41) it b a s i c a l l y  c o n s i s t s  of in- 

cubation of a s t a r c h  and enzyme mixture followed by measure- 

ment of reducing sugars  with a l k a l i n e  sodium 3, 5-dinitro- 

s a l i c y l a t e  reagent .  

The enzyme was incubated i n  0.002N g lyce ro l  phosphate 

b u f f e r  (pH 5.9) s o  t h a t  1 m l  of s o l u t i o n  contained 0.5 - 1.5 

u n i t s  of enzyme. S tarch  s o l u t i o n  (1 ml) a t  250C was added 

with mixing, t o  1 m l  of enzyme so lu t ion .  Af ter  exac t ly  3 

minutes t h e  r eac t ion  was terminated by add i t ion  of 2 m l  of 

t h e  s a l i c y l a t e  reagent ,  The mixture w a s  heated i n  a b o i l i n g  

water bath f o r  15 min., then cooled i n  a cold water bath,  - 

and d i lu ted  with 20 m l  of water. The absorbance was measured 
I 

I 

a t  540 my. i n  a spectrophotometer with reference t o  a blank. I 

A c a l i b r a t i o n  curve (Figure I V  was es tabl i shed  with maltose 

hydrate ( 0  - 2 mg, no s t a r c h  o r  buf fe r  was added t o  the  

maltose).  The a c t i v i t y  of the  enzyme w a s  found t o  be 8.76 

units/mg. pro te in .  

( b )  Hydrolysis of Starch,  Amylose and Amylopectin. 

Polysaccharides (100 - 150 mg) w a s  dissolved i n  d i l u t e  

a l k a l i n e  s o l u t i o n ,  neut ra l ized  with hydrochloric ac id  using 

phenolphthalein as an ind ica to r .  The so lu t ion  was d i lu ted  

t o  100 m l  us ing  0.015K sodium g lyce ro l  phosphate buf fe r  

( p ~  5.7) a f t e r  which 0.2 m l  of alpha-amylase s o l u t i o n  w a s  

added (100.0 mg i n  10  ml). The su r face  w a s  covered with a 

* A product of Nut r i t iona l  Biochemical Corporation. 
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Table 4 

Some Properties of the Isolated 

Amyloses 

Sample Purity Blue Value Molecular Weight Degree of 
Polymerisa- 

a. b. t ion 
a. b. 

Rye 91.5% -- 2.42~10~ 3.20~10~ 150 178 

Triticale 92$ 1.07 2.44~10~ 3.97~10~ 151 220 

Standard 100$ 1.16 -- -- - - 
- - 

a. Results of formic acid titration 

b. Results of formaldehyde determination 



Table 5 

Some Proper t i e s  of t h e  Iso la ted  

Amylopectins 

Sample No. of non-reducing Molecular Weight Beta-limit 
end group d e x t r i n s  

Durwn 

Rye 

T r i t i c a l e  

Standard 



Table 6 

The Determination of Formaldehyde Liberated from 

Reduced Amyloses During Periodate  Oxidation 

Sample Time i n  Formaldehyde M.wt. of Degree of Periodate 
Hour l i b e r a t e d  amyloses Poly- uptake 

merisa- 
t ion 

Rye 24 
T r i t i c a l e  

Durum 
Rye 72 
T r i t i c a l e  

Durum 
Rye 120 
T r i t i c a l e  

Durum 
Rye 144 
T r i t i c a l e  

D u r n  
Rye 168 
T r i t i c a l e  



Table 7 

The Determination of Formaldehyde Liberated from 

Reduced Amylopectins 

During Periodate  Oxidation 

Sample Time i n  Amount of Formal- N.wt .  of Periodat e  
Hour dehyde l i b e r a t e d  Amylopectin uptake 

Durum 
Rye 
T r i t i c a l e  

Durum 
RY e  
T r i t i c a l e  

Durum 
Rye 
T r i t  i c a l e  

Durwn 
Rye 
T r i t i c a l e  



l a y e r  of toluene.  Two cont ro l ,mixtures  were incubated, one 

containing s u b s t r a t e  with inacf iva ted  enzyme (boi led i n  

water bath f o r  15 minutes) the o ther  containing maltose 

ins tead  of the  t e s t  subs t ra t e .  Aliquots  were pe r iod ica l ly  

removed and t h e  reducing values measured as s t a t e d  i n  

- s e c t i o n  ( a ) .  

The polysaccharide concentrat ion was determined using 

t h e  phenol-sulfuric ac id  method (42) using glucose as the  

standard (Figure V I I . )  and t h e  r e s u l t s  in tepre ted  as t o t a l  

glucose content .  A t  t h e  end of t h e  f irst  incubation period 

a f t e r  which t h e r e  w a s  no f u r t h e r  observable increase  i n  

reducing value,  more enzyme (1 ml, 0.25 gm i n  25 m l )  was 

added and t h e  volume adjusted t o  100 m l  us ing t h e  same buf fe r ,  

and t h e  system incubated again.  When a constant reducing 

value w a s  f i n a l l y  obtained, it w a s  found t h a t  t h e  enzyme w a s  

s t i l l  a c t i v e  s i n c e  a sample of t h i s  so lu t ion  when added t o  

t h e  cont ro l  s o l u t i o n  ( s u b s t r a t e  with deact ivated enzyme) 

hydrolyzed t h e  s t a r c h  within 2 hours as observed by a change 

i n  the  iodine absorpt ion color .  The incubated so lu t ions  

were heated i n  a bo i l ing  water bath f o r  15 minutes t o  de- 

a c t i v a t e  t h e  enzyme and then  passed through ca t ion  r e s i n  

(Amberlite I R  1 2 0 ( ~ + ) ) , ~  anion r e s i n  ( ~ u o l i t e  ~ 4 ( 0 H - ) ) ~  and 

again  ca t ion  r e s i n  i n  t h a t  order.  The e l u a t e  was evaporated 

a. Product of Rohm and Haas Company, Phi ladelphia ,  
"U.S .A. 

b. Product of Chemical Process Company, Ca l i fo rn ia ,  
U.S.A. 
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and analyzed by descending paper chromatography using Whatman 

No. 1 paper, ethyl acetate: acetic acid: water (8:2:2) as 

the solvent and 36 hours irrigation time. The spots were 

located by using the p-anisidine trichloroacetic acid spray 
I 

agent. (43) Glucose, maltose, maltotrioae, maltohexose and i 

oligosaccharides were found to be present and their relative 

concentrations were determined by the phenol-sulfuric acid 

method after elution of these from the paper with water. (42) 

The results of the paper chromatographic analysis of the 

alpha-amylolysis products 

(ii) Beta-Amylase 

(a) Determination 

amylase used was a barley 

are shown in Table 11. I 

I 

Degradation I 

I 

of Beta-Amylase Activity. The beta- 
I 

enzyme which was obtained from 
I [  I 

1 

Nutritional Biochemical Corp. The method used for the deter- 

mination of its specific activity was that of Whelanf s. (44) 

To a solution which contained 25 ml of soluble 

starch was added sodium acetate-acetic acid buffer (0.2M, 

pH 4.8) ( 3  ml) and the mixture brought to 350C. An aliquot 

(2 ml) of preheated enzyme solution (350C) was added and the 

digest incubated exactly 30 min. A 2 ml portion was removed 

and immediately added to 2 ml of alkaline 3, 5-dinitro 

salycylate regent and the mixture heated for 5 min. The 

reducing value was measured as described in the determina- 

tion of alpha-amylase activity. One unit of enzyme was 

defined as the amount of protein liberating 1 mg of maltose 

in 30 min. The activity of the enzyme was found to be 27 

units/mg. protein. 



Table 8 

Alpha-Amylolys is of Amyloses 

$ Conversion t o  Maltose 

Time i n  Durum Rye T r i t i c a l e  Standard 
Hour 

3 61.8 

1 71.6 

3 71.6 

6 73.6 

24 82.6 

50 85.6 

72 91.9 

96 89.5 

120 89.5 

2nd Incubation 

1 100.0 

24 132.0 



, 

Table 9 

Alpha-Amylolysis of  Amylopectins 

% Conversion t o  lvialtose 

Time i n  Durwn Rye T r i t  i c a l e  Standard 
Hour 

3 58.5 

6 62.1 

30 69.4 

42 74-5 

96 80.3 

120 74.3 

2nd Incubat ion 

1 67 5 

22 76.2 

44 74.0 

66 75.0 
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Table 10  

Alpha-Amylolysis of Starches 

5 Conversion t o  Na l tose  

Time i n  Durwn Rye T r i t i c a l e  Soluble St6rch 
Hour 

2nd Incubation 

1 73.0 73.0 73.0 55.8 

24 78.0 74.8 '74.1 55 -8 

48 79.0 78.0 77.7 59.0 



Table 11 

Paper Chromatographic Amlys is of 

Alpha-Amylolysis Products 

Sample Oligo G6 
G3 G2 G1 

Tota l  Recovery 
Saccharides = RG = RG - - Per- - R~ %125 0.266 0.51 1.0; cent- 

age 

A .  Amyloses 

Durum 6.27 
Rye 6.85 
T r i t i c a l e  6.07 
Standard 3.28 

B . Amylopectins 

D u r n  27.7 
Rye 27.6 
T r i t i c a l e  28.8 
Standard 19.0 

C.  Starches* 

Durum 29.6 
RY e 26.2 
T r i t i c a l e  27.8 
Soluable 40.7 

* This sec t ion  includes oligosaccharide and G6 



(b )  Hydrolysis of Starches,  Amyloses 

with Beta-Amylase, (44) Polysaccharide (100 

a 100 m l  volumetric f l a s k  w a s  prewetted with 

10  m l  of d i s t i l l e d  water w a s  added, followed 

1 m l  of 6N - sodium hydroxide. Af ter  thorough 

34 

and Amylopectins 

mg - 200 mg) i n  

2 m l  e thanol ,  

by add i t ion  of 

mixing, t h e  

suspension was heated i n  a water ba th  under ni t rogen.  A t  

1 min. i n t e r v a l s ,  t h e  f l a s k  w a s  removed and a g i t a t e d  vig- 

orously,  Heating and shaking were continued u n t i l  a homo- 

geneous s o l u t i o n  w a s  obtained. Af te r  cooling t o  room 

temperature, t h e  s o l u t i o n  w a s  neut ra l ized  with 3 N  s u l f u r i c  

ac id .  Sodium ace ta te-ace t ic  ac id  buffer  (0,2M pH 4.7) (10 

ml) was added, followed by add i t ion  o f  1% serum albumin 

(5  ml), 0.01M reduced g lu ta th ione  (5 ml) and a l i q u o t s  of beta- 

amylase. The d i g e s t  was d i l u t e d  t o  100 m l  with water, the 

su r face  covered with a l a y e r  of toluene and t h e  mixture in- 

cubated a t  350C. Two con t ro l  mixtures were incubated, one 

containing s u b s t r a t e  and enzyme inac t iva ted  by 5 min. heat- 

i n g  i n  a b o i l i n g  water bath,  t h e  o the r  containing maltose 

ins tead  of t h e  t e s t  subs t ra t e .  The reducing power of the  

con t ro l s  were measured a t  t h e  same time as t h e  t e s t  mixtures. 

The first con t ro l  allowed f o r  t h e  reducing power of t h e  non- 

s u b s t r a t e  components, e spec ia l ly  g lu ta th ione ,  t h e  second 

allowed f o r  t h e  de tec t ion  of maltose enzyme a c t i v i t y .  A t  

t h e  end of t h e  first incubation, more enzyme was added t o  

e f f e c t  f u r t h e r  hydrolysis .  When no f u r t h e r  observable in- 

c rease  i n  reducing values was evident ,  it was found t h a t  t h e  

enzyme w a s  s t i l l  a c t i v e ,  This w a s  shown t o  be t h e  case i n  

t h a t  a s i g n i f i c a n t  increase  i n  reducing value was observed 
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after 24 hours when the enzyme (2 ml) was added to a stand- 
I 

ard amylose solution. The incubated solutions were heated 

in a boiling water bath for 5 minutes after which the de- 

natured enzyme and serum albumin proteins were removed by 

cent?xfugation. Aliquots of the supernatant solution were 

transferred to dialysis tubing and dialyzed for 72 hours 

against distilled water. Beta-limit dextrin, because of its 

relatively high molecular weight remained inside the dialysis 

tubing. The amount of beta-limit dextrin present was deter- 

mined using the phenol-sulfuric acid method, and the results 

shown in Table 1 and Table 5 for starches and amylopectins 

respectively. 

K. Smith Degradation Studies 

Chromatographic separation was carried out on 

Whatman No. 1 and N. 3PliM paper for analytical and preparat- 

ive purposes respectively using the descending technique 

and the following solvents: 

A. Ethyl acetate:acetic acid:water (8:2:2) 

B. Ethyl acetate:pyridine:water (8:3.5:2) 

Compounds were detected with p-anisidine trichloroacetic 

acid,(43) ammoniacal silver nitrate (45) and periodate- 

permanganate (46) reagents. Evaporation was carried out 

under reduced pressure with a bath temperature about 40•‹. 

Nelting points reported are uncorrected. 
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Table 12 

Beta-Amylolysis of Amyloses 

Time in 
Hour 

$ Conversion to Naltose 

Trit icale Standard 



Table 1 3  

Beta-Amylolysis of  Amylopectins 

$ Conversion t o  Maltose 

Time i n  D u r n  RY e T r i t  i c a l e  Standard 
Hour 

48 40.0 56.0 56.0 58.2 

100 61.2 60.0 59.0 58 5 

116 61.3 60.0 58.0 57.5 

2nd Incubat  i o n  

21  59.2 57.5 60.5 62.0 



I 

Table 14 

Beta-Amylolysis of Starches 

$ Conversion t o  Maltose 

Time i n  Durum RY e T r i t i c a l e  Soluble Starch  
Hour 

2nd Incubation 

27 64.0 73.5 68.5 

72 64.0 66.6 68.0 

94 64.6 66.6 68.0 
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( i )  Per iodate  Oxidation 
I 

Amylose o r  amylopectin (200-500 mg) was dissolved i n  

d i l u t e  a l k a l i ,  sodium borohydride w a s  added (40 mg) and t h e  

s o l u t i o n  w a s  s tored  overnight.  The s o l u t i o n  was subsequently 

a c i d i f i e d  with 10  N a c e t i c  ac id  (8 m l ) ,  t h e  pH of t h e  first - 
s o l u t i o n  w a s  3.8-4.1. Af te r  cooling t o  5OC, 10  m l  of 0.5 M - 
sodium periodate  w a s  added, t h e  volume of t h e  s o l u t i o n  adjus t -  

ed 100 m l ,  and t h e  oxidat ion was allowed t o  proceed a t  5OC i n  

t h e  dark. The periodate  uptake a t  t h e  end of the  oxidation 

w a s  determined using t h e  a r s e n i t e  method. (37)  The periodate  

and iodate  ions were p rec ip i t a t ed  i n  the  form of t h e  barium 

sal t  using barium carbonate. Af ter  removal of t h e  precipi-  

t a t e ,  t h e  polyaldehyde was reduced with sodium borohydride 

and s tored  f o r  24 hours. Excess borohydride was then de- 

i 

'c stroyed by add i t ion  of a c e t i c  ac id  and t h e  r e s u l t i n g  solu- 

t i o n  evaporated. Borate w a s  removed by repeated evaporation 

with methanol containing 1% a c e t i c  ac id .  

( i i )  Complete Acid Hydrolysis 

A por t ion  (ha l f  t h e  amount f o r  amylose and about 

f o r  amylopectin) of t h e  res idue  w a s  boi led with 13 s u l f u r i c  - 
a c i d  f o r  8 hours a f t e r  which t h e  s o l u t i o n  w a s  neut ra l ized  

with barium carbonate and f i l t e r e d .  The f i l t r a t e  was passed 

through ca t ion  r e s i n  (Amberlite I R  120(@)) and anion r e s i n  

( ~ u o l i t e  A 4(OHm)) beds i n  t h a t  order  and t h e  e l u a t e  evaporat- 

ed. The res idue  was chromatographed i n  solvent  A and B. 

Glycerol, e r y t h r i t o l  and t r a c e s  of glucose were found t o  be 

present .  The molar r a t i o  of the  components were determined 



as described i n  sec t ion  ( i v ) .  

(iii) P a r t i a l  Acid Hydrolysis 

The remaining port ions of t h e  res idues  were de- 

ionized as above and t h e  e l u a t e s  evaporated. The residue w a s  

subsequently dissolved i n  25 m l  0.2N - hydrochloric ac id  and 

s to red  f o r  11 hours a t  room temperature. The a c i d i c  solu- 

t i o n  w a s  neut ra l ized  with lead carbonate and t h e  p r e c i p i t a t e  

removed by f i l t r a t i o n .  The f i l t r a t e  was deionized, evaporated 

t o  dryness and chromatographed using so lvents  A and B. The 

molar r a t i o  of t h e  components was determined as described i n  

s e c t i o n  ( i v ) ,  

( i v )  Determination of E r y t h r i t o l ,  Glycerol and 

Glucose Present  i n  t h e  Residue (22) 

Aliquots of t h e  residue were chromatographed i n  

solvent  A f o r  1 4  hours. The sec t ion  corresponding t o  eryth- 

r i t o l  was excised and eluated with 20 m l  of d i s t i l l e d  water. 

Af te r  shaking f o r  ha l f  an hour, t h e  mixture was f i l t e r e d  

through g l a s s  wool. Aliquots of t h e  f i l t r a t e  were t rans-  

fe r red  t o  cen t r i fuge  tubes,  1 m l  of 0.5 M sodium periodate  

w a s  added and t h e  oxidat ion w a s  allowed t o  proceed f o r  15 

minutes a t  room temperature a f t e r  which t h e  per iodate  and 

iodate  ions were removed by adding 2 m l  of sa tu ra ted  lead 

a c e t a t e ,  The r e s u l t i n g  p r e c i p i t a t e  was removed by centr i fuga-  

t i o n  f o r  20 minutes, t h e  c l e a r  supernatant  w a s  t r ans fe r red  

t o  ordinary tubes and a l i q u o t s  suequently p ipe t ted  i n t o  an- 

: o the r  s e r i e s  of cent r i fuge  tubes.  The volume w a s  adjusted 
i 

6 



t o  1 m l  with d i s t i l l e d  water apd 1 0  m l  of chromotropic ac id  

added. Af te r  the  removal of lead s u l f a t e  t h e  formaldehyde 

present  was assayed as described previously (see sec t ion  I ) .  

The s e c t i o n  containing g lyce ro l  was eluated with 

1 0  m l  of d i s t i l l e d  water and t h e  amount of formaldehyde 

l i b e r a t e d  a f t e r  oxidat ion of t h e  g lyce ro l  was determined i n  

t h e  same way. Since glucose occurred only i n  t r a c e  amounts, 

standard glucose w a s  appl ied as t h e  marker and t h e  correspond- 

ing  loca t ion  w a s  eluated with 10  m l  of water. The amount of 

glucose present  w a s  determined by the  phenol-sulfuric acid 

method. 

( v )  I d e n t i f i c a t i o n  of t h e  Components 

Whatman No. 3MM paper w a s  used t o  resolve l a r g e r  

q u a n t i t i e s  of t h e  res idue  i n  so lvent  A. 

Glycerol: To t h e  d ry  s i r u p  w a s  added a 10% molar 

excess of p-nitrobenzoyl ch lor ide  and pyridine (3  m l )  and 

t h e  mixture was heated f o r  one hour. Excess a r o y l  ha l ide  

w a s  decomposed by t h e  add i t ion  of a few drops of water 

followed by add i t ion  of an  excess of sa tu ra ted  sodium bi- 

carbonate. A f t e r  s t o r i n g  overnight,  t h e  so l id  w a s  co l lec ted  

by f i l t r a t i o n ,  washed with water and r e c r y s t a l l i z e d  from 

acetone. The tri-p-nitrobenzoate of g lyce ro l  had map. and 

mixed mop. 187-1900C. 

Ery th r i to l :  This compound w a s  converted t o  the  t e t r a -  

. p-nitrobenzoate as described f o r  glycerol ,  melting point and 

i mixed m.p. 248-2500C. 
I 
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Table 15 

Paper Chromatographic Analysis of Amylose Hydro- 

lysates from Smith Degradation 

Sample Erythritbl Glycerol Glucose 

weight m. molar* weight m. molar* weight m. molar* 
W moles ratio moles ratio moles ratio 

X~O-3 X~O-3 X~O-3 

(A) Partial Acid Hydrolysis / I t  

, 
(B) Complete Acid Hydrolysis , l1I , I 

* These values were obtained by taking the m. moles of 
glycerol as unity. 



Paper Chromatographic Analysis of Amylopectin 

Hydrolysates from Smith Degradation 

Sample Ery th r i t  01 ~ l ~ c e r o l  Glucose 

weight m. molar* weight m. molar* weight m. molar* 
W moles r a t i o  mg moles r a t i o  mg moles r a t i o  

X ~ O - 3  X ~ O - 3  X ~ O - 3  

(A)  P a r t i a l  Acid Analysis 

T.Ap61.8 506 13.40 3.56 37.6 1.00 0.90 5.00 0.132 

(B)  Complete Acid Analysis 

DOAp 17.5 143 13.20 1.01 10.8 1.00 0.40 2.20 0.206 

R.Ap 21.3 175 13.45 1.20 13.0 1.00 0.45 2.50 0.193 

T.Ap15.7 129 12.92 0.92 13.0 1.00 0.31 1.72 0.172 

* These values were obtained by taking t he  m. mole of 

g lycero l  a s  uni ty.  
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DISCUSSION 

A. Frac t ionat ion  of the  S ta rch  Components 

S tarch  usual ly  e x i s t s  i n  t h e  form of r a t h e r  insoluble  

p a r t i c l e s  more p a r t i c u l a r l y  known as s t a r c h  granules .  The 

morphology of s t a r c h  granules  of var ious spec ies  is q u i t e  

c h a r a c t e r i s t i c .  These granules  can be disrupted t o  form 

dispers ions  when heated i n  water e spec ia l ly  a t  a pH above 

7.0. The ease of d i spe r s ion  depends l a r g e l y  on t h e  botanica l  

source of s t a rches .  Cereal s t a rches  have been found t o  

d i spe r se  l e s s  r e a d i l y  and usua l ly  r equ i re  some appropr ia te  

type of chemical pretreatment.  The p r inc ipa l  bas i s  of t h i s  

treatment is t o  d i s r u p t  o r  weaken the  hydrogen bonding of 

amylose and consequently f a c i l i t a t e  the  f r a c t i o n a t  ion of 

s t a r c h  i n t o  i t s  s t r u c t u r a l  components. 

Various methods have been used t o  f r a c t i o n a t e  amylose 

and amylopectin from s t a r c h .  A l l  t hese  methods a r e  based on 

the  d i f f e r e n t i a l  s o l u b i l i t y  of t h e  f r a c t i o n s  (amylose and 

amylopectin) i n  var ious media. Those involving organic 

so lvents  as complexing agents  a r e  most widely used. 

Cyclohexanol was preferred i n  t h e  present s tud ies  

because i t  tends t o  form an  amylose-cyclohexanol complex 

r e a d i l y  and repeated f rac t iona t ions  could be performed with- 

i n  a r e l a t i v e l y  s h o r t  period of time t o  obtain a  r a t h e r  

highly pur i f i ed  amylose. A s  o r i g i n a l l y  noted by Bourne, (4 )  



it w a s  found t h a t  r e l a t i v e l y  pure amylopectin could be pre- 

pared from t h e  supernatant .  Precautions have been taken t o  

prevent oxida t ive  degradation of t h e  polymeric ma te r i a l  

during t h e  f r a c t i o n a t i o n  process. To t h i s  end, sodium boro- 

hydride w a s  added during t h e  e x t r a c t i o n  of s t a r c h  from f l o u r  

and high n i t rogen gas atmospheres were used extensively i n  

t h e   pretreatment and f r a c t i o n a t i o n  procedure. The solu- 

t i o n s  were maintained a t  pH6.0-6.3. During these  processes 

inves t iga to r s  have s t r e s s e d  the  need f o r  such mild condi t ions 

pr imar i ly  because these  high polymers a r e  r e a d i l y  degraded 

upon heat ing i n  the  presence of a i r  p a r t i c u l a r l y  under a l k a l i n e  

conditions.  This degradation is more se r ious  f o r  amylose 

than f o r  amylopectin; t h i s  is because amylose is  believed t o  

have a small number of bonds t h a t  a r e  unusually oxygen 

l a b i l e .  (47) It is indeed d i f f i c u l t  t o  determine with con- 

f idence t h a t  no degradation has taken place,  and it is even 

more d i f f i c u l t  t o  v i s u a l i z e  the  na tu re  of these  oxygen-labile 

bonds. Gi lbe r t  (47) has emphasized t h e  hydroly t ic  r o l e  of 

n e u t r a l  water ( ~ ~ 6 . 0 )  a t  1000C. He estimated t h a t  approx- 

imately 3 glycos id ic  bonds would be hydrolyzed per  molecule. 

This extremely low degree of degradation could, however be 

d i sas t rous  i n  t h e  s t u d i e s  of high molecular weight polymers. 

The p o s s i b i l i t y  the re fo re  s t i l l  remains t h a t  t h e  na t ive  

polymers w i l l  be g r e a t e r  i n  molecular weight than t h e  

mater ia ls  i s o l a t e d  even when r e l a t i v e l y  mild f r a c t i o n a t i o n  

procedures were employed. 



B. Pur i ty  of Amylose and Amylopectin Iso la ted  

The apparent p u r i t y  of t h e  i s o l a t e d  amyloses w a s  

found t o  be lower than t h a t  of a "standard" amylose. Though 

as e a r l y  as 1948, Bourne e t  a1 (4)  reported t h a t  cyclohexanol- 

amylose complex contained a higher proportion of amylopectin 

than does the  thymol-amylose complex, t h i s  is believed t o  be 

unl ike ly  i n  t h e  inves t iga t ion  reported here because of the  

repeated f rac t iona t ions  t h a t  were employed. This contention 

is f u r t h e r  supported by Sarko e t  a1 (5)  who reported recen t ly  

t h a t  by using t h e  cyclohexanol f r a c t i o n a t i o n  method, 95% 

p u r i t y  w a s  e a s i l y  obtained by two f r a c t i o n a t i o n s  while a 

t h i r d  f r a c t i o n a t i o n  ensured e s s e n t i a l l y  10% pur i ty .  

It appears that t h e  apparent discrepancies  may be a 

funct ion of t h e  p a r t i c u l a r  botanica l  sources p a r t i c u l a r l y  

s ince  t h e  reference  standard w a s  a potato amylose which 

d i f f e r s  i n  chain l eng th  from the  amyloses s tudied .  Bailey 

and Whelan (48) have demonstrated t h a t  the  "Blue Value" and 

Emak a r e  r e l a t e d  t o  the  chain length.  I n  l i g h t  of t h i s ,  it 

i s  not s u r p r i s i n g  t o  f ind  t h a t  the  i s o l a t e d  amyloses d i f f e r  

s l i g h t l y  i n  the  B.V and Emax values from those f o r  potato 

amylose. The B.V of t h e  potato amylose w a s  s l i g h t l y  g r e a t e r  

than  that of t h e  amyloses i so la ted .  Furthermore, t h e  absorp- 

t i o n  spec t ra  of these  amyloses revealed that t h e  potato 

amylose absorbed a t  s l i g h t l y  higher  wavelength than t h e  

others .  This might imply t h a t  t h e  potato amylose has a higher  

D.P. 



1% w a s  found i n  t h i s  inves t iga t ion  t h a t  t h e  method 
, 

used f o r  t h e  p u r i f i c a t i o n  of amylopectin w a s  qui te  sa t i s fac -  

t o r y  i n  t h a t  amylopectin f r e e  of amylose could r e a d i l y  be 

prepared. 

C.  Determination of t h e  Amylose and Amylopectin Rat ios  

Amylose and amylopectin a r e  sharply d i f f e r e n t i a t e d  

by t h e i r  phys ica l  r eac t ion  with iodine  and t h i s  forms t h e  

b a s i s  of a l l  p rac t i cab le  methods f o r  est imating amylose i n  

pure s t a rch .  This procedure depends e i t h e r  upon t h e  

potent iometr ic  determination of the  amount of iodine  absorbed 

under s p e c i f i c  conditions or  upon t h e  measurement of t h e  co lo r  

i n t e n s i t y  of t h e  amylose-iodine complex. The former appears 

t o  be more accura te  but t h e  l a t t e r  is simpler and more con- 

venient .  The color imetr ic  method w a s  used i n  t h e  present  

s t u d i e s  s i n c e  comparative measurements were required.  

The apparent percentage of amylose v a r i e s  from 1% 

i n  waxy maize s t a r c h  t o  66% f o r  a s t a r c h  from wrinkled-seed 

peas with intermediate  values f o r  var ious o ther  species .  

The amount of amylose i n  a s t a r c h  is  not  f ixed  i n  any par t ic -  

u l a r  way, but depends pr imar i ly  on gene t i c  f a c t o r s  and the  

makurity of t h e  p lants .  A s  t h e  inher i tance  of waxy g ra ins  

i n  ce rea l s  i s  conditioned by a recess ive  gene, z, p lan t s  

homozygous f o r  wx produce amylose-free s t a rch .  Recently, 

mutant genes nave been i d e n t i f i e d  which give a high pos i t ive  

c o r r e l a t i o n  between amylose and t o t a l  s t a r c h  content.  Several  

genes a r e  apparent ly associated with amylose content of t h e  

s t a r c h  of maize and o the r  p lan t s .  



contains 25.87; amylose, rye  s t a r c h  25.4% amylose and t r i t i c a l e  I 
I 

s t a r c h  26.8% amylose. These values a r e  cons is ten t  with the 

reported values f o r  wheat s t a rch .  (49)  

The constant  values observed among t h e  t h r e e  spec ies  

is a good ind ica t ion  t h a t  these  spec ies  a r e  very similar i n  

t h e i r  genet ic  con t ro l  mechanisms involved i n  t h e  biosynthesis  

of s t a rch .  If t h e  o v e r a l l  gene a c t i o n  had been d i f f e r e n t ,  

var ious values f o r  amylose content would have been expected. 

D.  The Molecular Weight of t h e  I so la ted  Amyloses and 

Amylopectins 

The molecular weight of t h e  prepared amyloses was 

determined using procedures involving t h e  formic acid t i tra-  

t i o n  and formaldehyde determination a f t e r  per iodate  oxida- 

t i o n .  The values obtained a r e  summarized i n  Table 4. (See 

page 23) It is noted t h e  values from both methods a r e  i n  

good agreement and t h e  t h r e e  spec ies  have about t h e  same 

molecular weight. 

Since it has been genera l ly  observed t h a t  the  chemical 

end-group procedures f o r  t h e  determination of amyloses and 

amylopectins g ive  lower D.P values than the  physical  methods, 

(50, 51) i t  is  therefore  not s u r p r i s i n g  t h a t  t h e  D.P. of 

t h e  i so la ted  amyloses was r e l a t i v e l y  low. These values were 

i n  c lose  proximity t o  t h a t  of corn amylose (D,  P 140-300), 

(22) but d i f f e r  from t h a t  of  potato amylose. I n  f a c t ,  of 
I a l l  the  var ious s t a rches ,  t h e  c e r e a l  s t a rches  (corn,  wheat, i e 



barley) generally give the lowest molecular weight, and the 

tuber and root starches show the highest molecular weight. 

(51) Although a D.P. value of 500 of wheat amylose has been 

reported by Greenwood, (52) this may result froa differences 

in the procedures employed for preparing the starches and 

consequent differences in the extent of degradation. 

In the case of the arnylopectins, the degree of branch- 

ing and molecular weight of the three species are again 

essentially the same (Table 5, page 24). The degree of 

branching,which was 19-21 units, was consistent with the value 

reported by Greenwood (49) for wheat amylopectin and the 

molecular weights were within the range reported for amylo- 

pectins prepared under ordinary conditions. 

As stated in the previous section, the amylose con- 

tent of starch is to a certain extent genetically controlled. 

There is a definite similarity of the molecular weight of 

amylose and amylopectin as well as the degree of branching 

of amylopectin of the parental species. There is no observ- 

able alien genome-induced change in the amylose content 

among the synthetic species. This observation is therefore 

not unexpected and is supported further by the results of 

alpha- and beta-amylolysis and the behaviour of these materials 

toward Smith periodate degradation. It is rather clear that 

no detectable difference existed in the materials studied. 

Any subtle differences would be presumably minor and could 

not be distinguished by the chemical and enzymic methods 

used. 
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E. Alpha-Amylolysis of S tarch  and its Components 
, 

The genera l  p roper t i e s  and t h e  a c t i o n  pa t t e rns  of 

var ious alpha-amylases have been discussed i n  some d e t a i l  by 

Fischer  and S te in .  (53) Alpha-amylase is found i n  a l l  types 

of l i v i n g  organisms and it ca ta lyses  an  e s s e n t i a l l y  random 

hydrolysis  of t h e  d-1,4-glucosidic l inkages i n  s t a r c h  and 

glycogen. The reac t ion  is  f o r  ins tance ,  character ized by a 

rapid decrease i n  iodine s t a i n i n g  powers and molecular s i z e  

of t h e  glucan with a concomitant production of reducing 

This hydrolysis takes  place by C1-oxygen s c i s s i o n  

and not by oxygen-C s c i s s i o n .  The reducing sugars s e t  f r e e  4 
r e t a i n  t h e  d -conf igura t ion .  A mechanism involving double 

replacement has been proposed t o  explain the  r e t e n t i o n  of 

t h e  configurat ion.  (53) 

It has been noted t h a t  t h e r e  a r e  wide d i f fe rences  i n  

t h e  ac t ion  p a t t e r n s  of alpha-amylases from various sources,  

and t h e  na ture  of t h e  &- l imi t  dex t r ins  depends l a r g e l y  upon 
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t h e  source of alpha-amylase and t h e  concentrat ion used i n  

hydrolysis ,  

The enzyme used i n  the  present  s t u d i e s  was from 

Baci l lus  s u b t i l i s .  It  i s  a dimer i n  that two molecules a r e  

joined through a zinc mediated l inkage.  The enzyme is 

ac t iva ted  by chlor ide  ions.  The a c t i o n  p a t t e r n  and spec i f ic -  

i t y  of t h i s  enzyme has been s tudied extensively by Robyt and 

French. (54) By analyzing t h e  degradation products using 

paper chromatography, t h e  above workers were a b l e  t o  show 

t h a t  t h i s  enzyme has a dua l  s p e c i f i c i t y  f o r  t h e  formation 

of mal to t r iose  and maltohexase. They postulated t h a t  the  

binding s i t e s  a r e  completely f i l l e d  when nine glucose u n i t s  

a r e  bound. The mode of formation of mal to t r iase  and malto- 

hexase u n i t s  is i l l u s t r a t e d .  The present  s t u d i e s  genera l ly  

were i n  agreement with those of t h e  above inves t iga t ion ,  

however, t h e  dex t r ins  ware hydrolysed t o  a g r e a t e r  extent  

than the  r e s u l t s  noted by the  above workers. (54) 

Though 100 percent conversion t o  maltose has been 

achieved f o r  amyloses, paper chromatographic s t u d i e s  revealed 

t h e  presence of ol igosaccharides  of g r e a t e r  s i z e  than maltose. 

A similar r e s u l t  has been reported by Whelan using barley- 

malt amylase. (41) 

I n  t h e  case of amylopectin, d i f f e r e n t  hydrolysis  

values have been reported using various sources of alpha- 

amylase. The degree of amylolysis depends on t h e  sources of 

enzyme, its concentrat ion and incubat ion time. This is 

mainly because alpha-amylolysis proceeds i n  two s t ages ,  i , e .  
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t h e  random s c i s s i o n  of g lucos id ic  bonds t o  oligosaccharides 

which a r e  then f u r t h e r  hydrolysed t o  maltose and glucose i n  

t h e  second s tage .  These two s t ages  a r e  not  due t o  two 

d i f f e r e n t  and s e  pa ra te  r eac t ions  but  merely r e f l e c t  a 

d i f fe rence  i n  t h e  a f f i n i t y  of t h e  enzyme f o r  l a r g e  and small 

molecules. With m a l t  and 3. s u b t i l i s  enzyme, t h e  l a t t e r  

s t a g e  of hydrolysis  is much slower than  f o r  enzymes from 

o the r  sources and incubations f o r  s e v e r a l  months have been 

reported.  (55) 

The Formation of G6 The formation of G3 

Figure 4 - Diagrammatic Representation of t h e  Action o? 

an Amylase from B. S u b t i l i s  
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Some intriguing features are noted in these alpha- 

amylolytic studies. The percentage of conversion to maltose 

of amyloses, amylopectins and starches prepared were iden- 

tical. The kinetics of hydrolysis as well as the distribu- 

tion of alpha-limit dextrins were essentially the same. 

Standard amylose, amylopectin and soluble starch used as 

reference differed markedly from these species. This implies 

very strongly that the materials prepared are structurally 

similar and consequently behaved in an identical way in 

enzyme degradation studies. 

F. Beta-Amylolysis of Starch and its Components 

Beta-amylase is a plant enzyme which hydrolyzes d-1-4 

D-glucosidic - linkages in amylaceous polymers. The enzyme 

attacks alternate glycosidic bonds in a normal starch chain, 

starting from the non-reducing end, and continues until the 

entire chain is converted into maltose or until further action 

is blocked by a physical or chemical irregularity in the 

chain. It has consequently been used extensively in investigat- 

ing the fine structure of polysaccharides. 

The general properties and action pattern of beta- 

amylase has been discussed in detail by French (56) and other 

workers. (57) The subject represents a fascinating segment 

of starch enzymology, for which the final chapters are 

probably yet unwritten. 

In the present studies, amylase was degraded 

completely by beta-amylase, amylopectin 60-61% and starch 

64-68%. 
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A small difference is evident in the values for 

whole starch, but caution is required concerning this resul t  

since it might be merely a reflection on the purity of the 

samples. 

Beta-amylolysis of amylase presents a more complicat- 

ed picture. Various values ranging from 7% upwards have 

been reported. (23) It is now known that abnormal linkages 

that are resistant to beta-amylolytic attack exist. (58) 

Individual amylases appear to differ in both D.P. and the 

beta-amylolysis limit, indicating that variation exists in 

the relative proportion and distribution of barrier to beta- 

amylolysis. Greenwood, knners and Coworkers (59) were able 

to demonstrate that native amylose was heterogeneous, some 

molecules consisting of a linear chain of unmodified glucose 

units, whilst others contain some type of structural anomaly. 

In addition, this anomaly is associated primarily with the 

high molecular weight fractions while the low molecular 

weight fractions are essentially linear. 

"Aerobicft isolation of amylose may introduce barriers 

that are resistant to beta-amylase hydrolysis. This picture 

is further complicated by the enzymic preparation used. As 

originally shown by Peat & Whelan (24) the contamination 

with Z enzyme tends to enhance beta-amylolysis. These workers 

noted that whereas the Z enzyme could be heat inactivated in 

the early stages of purification of beta-amylase, it could 

not be removed by this method when it was present in a more 
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highly pur i f i ed  beta-amylase preparat ion.  (57 )  A fur ther  

source of uncer ta in ty  i n  t h e  beta-amylolysis of amylose is 

caused by t h e  re t rogradat ion  of amylose. This e r r o r  could 

be eliminated by determining t h e  amylose that w a s  dissolved 

and the  r e s u l t s  in t e rp re ted  with t h i s  value taken i n t o  con- 

s ide ra t ion .  

Since t h e  amylose i s o l a t e d  i n  t h e  present  s t u d i e s  

was of r e l a t i v e l y  small molecular weight, i t  was expected 

t h a t  t h e  molecule was found t o  be e s s e n t i a l l y  l i n e a r .  If 

abnormal l inkages exis ted ,  it could only have occurred i n  
'!I 

t h e  v i c i n i t y  of the  reducing end of t h e  molecule. I 

The beta-amylolysis l i m i t  of amylopectin w a s  consis t -  1 ' 
1 3  

ent  with t h e  values reported by various workers. (23, 60) I 

I 

Greenwood noted t h a t  t h e  beta-amylolysis l i m i t  f o r  the  amylo- 
I 

I 

pect ins  do not  appear t o  vary s i g n i f i c a n t l y .  The amount of 
1 

beta- l imit  dex t r ins  i s o l a t e d  from amylopectin and s t a r c h  of I 

the  th ree  spec ies  a r e  i n  reasonable agreement. It would be 

of considerable value i f  t h e  s t r u c t u r e  of these  dex t r ins  could 

be f u r t h e r  character ized.  

An i n t e r e s t i n g  f e a t u r e  t o  be noted is t h a t  the  beta- 

amylolysis of s t a r c h  is only s l i g h t l y  g r e a t e r  than t h a t  of 
C 

amylopectin. If s t a r c h  is composed only of amylose and 

amylopectin, t h e  beta-amylolysis would be expected t o  be 

much higher.  This observation has been a t t r i b u t e d  t o  the  

exis tence of a t h i r d  polysaccharide (5-10%) i n  some s t a r c h ,  

notably i n  pota to ,  rubber seed and wheat (49, 61) having 

intermediate  proper t ies .  This seems indeed p laus ib le ,  s ince  
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it is un l ike ly  t h a t  na ture  shquld synthes ize  completely 

l i n e a r  and completely branched molecules simultaneously 

without t h e  occurrence of some type of intermediate.  

G. Smith Degradation Studies  

The r e s u l t s  of t h e  p a r t i a l  and complete ac id  hydro- 

l y s i s  of amyloses and amylopectins a r e  shown i n  Table 15 and 

16  respect ive ly .  

The molar r a t i o  of e r y t h r i t o l  t o  g lyce ro l  could be 

used as a measure of the  D.P of amylose. Glycerol could be 

derived only from t h e  non-reducing end-group of t h e  chain I I 

while e r y t h r i t o l  comes from t h e  remaining i n t e r n a l  chain. 1 

The sum of t h e  molar r a t i o  of these  components w i l l  represent  

t h e  D.P of t h e  molecule. The values obtained (125-160) 

agrees  reasonably well  with those obtained from o the r  methods. 

I n  t h e  case of amylopectin, t h i s  r a t i o  c o n s t i t u t e s  t h e  bas is  

f o r  t h e  determination of t h e  r a t i o  of non-terminal t o  terminal  

non-reducing u n i t s  of t h e  molecules and a value of 14-15 w a s  

achieved as compared t o  t h e  value of 19-21 obtained from 

formic ac id  t i t r a t i o n .  The former values a r e  genera l ly  

lower. 

It is  of considerable  importance t o  note t h a t  glucose 

w a s  produced i n  both t h e  partial  and complete a c i d  hydrolysis 

of the  Smith degraded amyloses and amylopectins. The amount 

of glucose present  w a s  determined by t h e  phenol-sulfuric 

ac id  method. This r e s u l t  i s  r a t h e r  unexpected. If any un- 

usual  l inkages r e s i s t a n t  t o  per iodate  oxidat ion were present 
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i n  the  mater ia ls  s tudied  (as is indicated by t h e  presence of 
I 

glucose i n  t h e  conplete ac id  hydro lys i s ) ,  one would expect 

t h e  presence of some non-reducing component such as glucosyl  

e r y t h r i t o l  i n  t h e  p a r t i a l  ac id  hydrolysate.  However, t h e  

present  inves t iga t ion  revealed t h a t  t h e  above s t a t e d  component 

w a s  not detected by t h e  spray reagents  used. Two poss ib i l -  

i t i e s  e x i s t ,  namely the  incomplete oxidat ion of t h e  poly- 

saccharides  o r  t h e  presence of s u b s t i t u t e d  furanoside.  Wheat 

amylose has been found t o  re t rograde  much more r e a d i l y  than 

potato amylose and complete d i s s o l u t i o n  of amylose is 

extremely d i f f i c u l t .  Furthermore, period-ate oxidised amylose 

tends t o  aggregate i n  s o l u t i o n  as reported by Erlander e t  a l .  

(62 )  This tends t o  make t h e  p a r t i a l l y  oxidized molecule un- 

ava i l ab le  toward f u r t h e r  and eventual ly  complete oxidation. 

I n  t h e  case of amylopectin, p r e f e r e n t i a l  oxidat ion may occur 

s o  t h a t  t h e  inner  chain i s  l e s s  r e a d i l y  at tacked by periodate  

because of s t e r i c  hindrance. These urroxidized port ions of 

t h e  chain may then be hydrolysed r a t h e r  r e a d i l y  because of 

some unknown reasons. The o ther  p o s s i b i l i t y  is t h a t  it is  

known t h a t  a furanoside is more r e a d i l y  hydrolysed than an 

ordinary pyranoside, The presence of furanoside is  r a t h e r  

un l ike ly  s i n c e  no furanose forms have as ye t  been found i n  

arnylose and amylopectin, furthermore, it is  doubtful  t h a t  

glucofuranose residues a r e  formed during t h e  biosynthesis  of 

ahylose and amylopectin by ADPG which has a pyranose r i n g  

s t r u c t u r e  and is  s p e c i f i c  i n  t h i s  regard,  The presence of 
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glucose i n  both mild and comp&ete ac id  hydrplysates cannot 

therefore  be e a s i l y  r a t iona l i zed .  

Considering t h e  r e s u l t s  obtained i n  t h i s  inves t iga t ion ,  

it can be s t a t e d  t h a t  i n  general  t h e  amylose and anylopectin 

of t h e  s t a rches  from t h e  pa ren ta l  and t h e  s y n t h e t i c  ( a l i e n  

genome combinant) spec ies  d i d  not have any gross  s t r u c t u r a l  

d i f ferences .  This does not  preclude t h e  p o s s i b i l i t y  t h a t  

modification may be present  i n  t h e  f i n e  s t r u c t u r e  of the  

amylose and amylopectin of t h e  syn the t i c  spec ies .  It cannot 

be claimed with any g r e a t  degree of confidence t h a t  t h e  methods 

used would d e t e c t  d i f ference  i n  t h e  f i n e  or  t e r t i a r y  s t r u c t u r e  

of the  polymers. 



(1 )  Present inves t iga t ions  show t h a t  t h e r e  is no 

de tec tab le  a l i e n  genome induced change i n  t h e  s t r u c t u r e  of 

t h e  s t a r c h  syn the t i c  and two parenta l  species  s tudied .  Any 

d i f fe rence ,  i f  such exis ted ,  was minor and could not r e a d i l y  

be recognized by ordinary a n a l y t i c a l  methods. 

( 2 )  The amylose content of t h e  t h r e e  spec ies  w a s  

i d e n t i c a l .  

(3) The amylose and amylopectins i s o l a t e d  a r e  similar 

i n  t h e i r  molecular weight and i n  t h e i r  degree of branching. 

Furthermore, they behave i d e n t i c a l l y  toward chemical and 

enzymic degradation. 

( 4 )  No conclusive evidence w a s  found f o r  t h e  ex i s t -  

ence of any abnormal l inkages i n  amylose and amylopectin. 

(5 )  Since chemical methods usual ly  r e s u l t  i n  some 

non-specific degradation and modification of the  polymeric 

chain,  any f i n e  s t r u c t u r a l  d i f f e rence  is un l ike ly  t o  be 

detected by these  methods. On the  o the r  hand, subfractiona- 

t i o n  of t h e  mater ia ls  and subsequent u l t r a c e n t r i f u g a l  s tud ies  

and v i s c o s i t y  measurement may be promising i n  reveal ing the  

na tu re  of these  subfrac t ions .  This is  p a r t i c u l a r l y  t r u e  

s ince  amylose and amylopectin a r e  heterogeneous with respect  

t o  molecular s i z e  and possibly molecular shape. 



pg  nitrogen 
Figure I Standard curve f o r  ni t rogen determination 

Figure 11. The absorbance of  standard amylose-iodine 

complex a t  d i f f e r en t  wavelength 



mg amylose 

Figure I11 The standard curve of amylose determination 

Figure TV The absorption of amylose-iodine complex at different 

I wavelength a. durum b. rye c. c r i t i c a l e  d. standard 
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Figure V Standard curve for formaldehyde determination 
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mg maltose 

Figure VI Standard curve for maltose determination 
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Figure VII Standard curve for glucose determination 
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