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ABSTRACT 

An u n d e r s t a n d i n g  of the molecular changes  o c c u r r i n g  du r ing  
polymorphie  t rans format ions  of amylose is sought  t h rough  the use of 
e n e r g y  calcula t ions .  Four  s tab le  families of low e n e r g y  conformers  a re  
found;  t h r ee  of these  co r r e spond  to conformations o b s e r v e d  in l inear  
and eyel ie  mal todext r ins  in the  c rys t a l l i ne  s t a t e .  Upon change  of  
so lven t ,  s igni f icant  var ia t ions  have been shown to occur  in the re la t ive  
abundance  of amylose conformers .  This ,  in t u r n ,  inf luences  p r o p e r t i e s  
such  as chain ex tens ion .  The re levance  of the  s table  conformers  with 
r e s p e c t  to helical s t r u c t u r e s  of amylose is ana lyzed .  Whereas one of the  
conformers  would gene ra t e  a V type  shallow hel ix ,  another  one would 
give r i se  to a 6 fold l e f t - h a n d e d  s t r a n d  hav ing  a 3.6 A advance  pe r  
r e s i d u e .  This would gene ra t e  a double  helical s t r a n d e d  s t r u c t u r e .  

INTRODUCTION 

In o r d e r  to cor re la te  the chemical s t r u c t u r e  of a biopolymer with 
i ts  biological  and phys ica l  p r o p e r t i e s ,  accura te  r e p r e s e n t a t i o n  of the  
conformational  e n e r g y  space of oligomeric uni t s  has  to be sought  ( i ) .  
In the case of a homopolymer,  the bas ic  assumpt ions  for computing the 
eonformational  e n e r g y  sur face  of a dimerie uni t  rel ies  upon the fact 
t ha t ,  qui te  of ten ,  only the non -bon de d  in te rac t ions  between atoms 
be longing  to to nea re s t  ne ighbor  r e s idues  are  impor tan t .  In doing so 
two more hypo thes i s  are  implied: the f r e e - s p a c e  approximat ion,  i . e .  the  
solvent  and poss ib le  v e r y  long range  in te rac t ions  are  neg lec ted .  In the 
field of eonformational  ana lys i s ,  the ca lcula ted  s tab le  conformers  are  
usua l ly  compared to the  r e su l t s  ga the red  from solid state inves t iga t ions  
on model compounds in the c rys t a l l i ne  s t a te .  In the  case of amylose,  
which has r ece ived  more a t ten t ion  than  a_ny o the r  po ly saccha r ide ,  
accumulation of c rys ta l ] ine  data  on seve ra l  l inear  and cycl ic  
mal todext r ins  has  shown tha t  seve ra l  s tab le  conformations can be found.  
They p rov ide  an accura te  set  of exper imenta l  da ta  which should ,  
idea l ly ,  be r e p r o d u c e d  b y  e n e r g y  calcula t ions .  The p r e s e n t  work 
analyzes  the  su i t ab i l i ty  of u s ing  "empirical" potent ia l  e n e r g y  funct ions 
in the  p red ic t ion  of the oecur rence  of the low e n e r g y  conformers of 
maltose.  This work is also aimed at u n d e r s t a n d i n g  the molecular changes  
which occur  d u r i n g  polymorphie  t rans format ions  of amylose.  
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CONFORMATIONAL ANALYSIS 

The dimeric fragment of 
starting unit on which 
conformational analysis was 
performed. The labelling ol 
the atoms, shown in Fig. 1, 
proceeds from the non 
reducing end (unprimed 
atoms) to the reducing end 
(primed atoms). The sign of 
the  to r s iona l  ang les  is g iven  
acco rd ing  to the  ru l e s  of the  
IUPAC-IUP Commission on 
Biochemical Nomencla ture  . 

amylose: maltose has been used as the 
0-3 0-~ '  

\ oo / 

Schematic representation of the maltose molecule, 

along with the torsional angles of interest. 
The potential energy was calculated by including the partltioned 

contributions arising from the van der Waals, torsional and hydrogen 
bond contributions (2). The van der Waals interactions were evaluated 
by using the 6-12 potential functions with the parameters proposed by 
Scott and Scheraga (3). A three fold sinusoidal potential was used for 
rotation about the glycosidic bond O-1 C-4' with a barrier of 
1.0 kca l /mol .  In o r d e r  to r e p r e s e n t  the  i n t r amo leeu l a r  mechanism 
r e s p o n s i b l e  for the  exo-anomer ic  e f fec t ,  the  following f u n c t i o n  (4) was 
u s e d  for  ro ta t ion  abou t  the  glycosidic  b o n d  C-1 -O-1  : 

EAE (@) = - I .  33 (l-cos@) -0 .62  ( 1-cos2@ )+0.35 ( l - cos3@)-2 .92s in  @-0.74sin2 

A s inuso ida l  t h r e e - f o l d  ec l ipsed  ro ta t iona l  b a r r i e r  of 1 kcal /mol  is also 

u s e d .  Hydrogen  b o n d  e n e r g i e s  

e x p r e s s i o n  : 
VHB = 33.14 (R - 2.55) (R - 3.05), 
where R is the distance between 60 
oxygen a toms  which  should lie 
between 2.55 and 3.05 A. This 
expression is derived f rom the 50 
results of a survey on 210 
hydrogen bonds as occuring in 
crystalline carbohydrates. Fig. 2 is 40 
the histogram of the distribution of 
O. . .  O distances found. The 
s t ab i l i z ing  e n e r g y  is g iven  a 30 
maximum ampl i tude  o f - 2 . 0  kcal /mol .  
The fac tor  33.14 is  computed  in  20  
o r d e r  for  the  e n e r g y  to be  
e x p r e s s e d  in  kca l /mol .  No 
e lec t ros ta t i c  i n t e r a c t i o n  was t aken  10 
in to  accoun t .  The  e n e r g y  maps were 
computed  as a f u n c t i o n  of @ and  
at i n t e r v a l s  of 5 ~ . With r e s p e c t  to 
the  r e l a t ive  e n e r g y  minimum, i so -  
e n e r g y  c o n t o u r s  were d r awn  b y  
i n t e rpo l a t i on  of 1 kcal /mol .  The 12 
keal /mol c o n t o u r  was se lec ted  as the  
ou t e r  l imit .  

were computed  b y  an empirical  

2.5 
4t . 

2.8 3.0 Do....oA 

Fig. 2. Histogram of the distr ibut ion of 
0.. .0 distances, involved in the hydrogen 
bonding formations observed in crystal 
structures of carbohydrates. 
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The geometry  of the  (~-D-glucose r e s idues  has  been shown to v a r y  
to some ex tend  (5);  for  example,  desp i t e  a re la t ive  cons tancy  of the  
C - 4 . . . C - I  d i s t anees ,  a wide r a n g e  of  var ia t ions  from 4.052 to 4.575 A 
were de t ec t ed  for O - 4 . . . O - I .  In view of these  f ind ings ,  the  
est imations of the e n e r g y  magni tude were per formed us ing  a geometry  of 
the d i sacehar ide  de r ived  from the c o r r e s p o n d i n g  family as found in the  
solid s t a t e .  As for the or ien ta t ion  of the  p r imary  h y d r o x y l  g roup ,  it  
has a l r eady  been shown (6) tha t  i t  has no inf luence on the s tab le  
conformations about  the glycosidic  junct ion between t w o s  (1-~4) l inked  
glucose r e s i d u e s .  There fo re ,  one among the p r e f e r r e d  conformations 
(~auche -~auche )  was se lec ted  and left  i nva r i a n t .  The molecular 
d rawings  were obta ined  with the  aid of the PITMOS (7) p rogram.  

CALCULATED VERSUS SOLID-STATE CONFORMATIONS OF AMYLOSIC 
FRAGMENTS. 

The i s o - e n e r g y  maps were ca lcula ted ,  us ing  th ree  d i f fe ren t  
s t a r t i n g  geometries  for the maltose r e s idue ,  r e s p e c t i v e l y  taken  from the 
s t r u c t u r e  of ~-mal tose  (8) ,  pheny l -~-mal tos ide  (9) and  the non-  
r e d u c i n g  d i sacehar ide  of the  maltotr iose molecule (10). In all cases ,  
eomputat ions were per formed  with and without the con t r ibu t ion  of 
in t ramolecular  h y d r o g e n  bonds .  A typ ica l  i s o - e n e r g y  eontour  map is 
shown on Fig.  3. It c o r r e s p o n d s  to a s i tuat ion where the  h y d r o g e n  
bond cont r ibu t ion  has  been taken into account  (F ig .  3) .  Two d i s t inc t  
reg ions  of the (@, ~ )  space  define the low e n e r g y  domains. The low 
e n e r g y  area  spann ing  from ~ =-80 o to ~ =-190 ~ conta ins  all the 
c ry s t a l l og raph i ca l l y  o b s e r v e d  minima. 

[ , , ! , , I , , f , , l , , f j 

I 

q 
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Fig. 3. Iso-energy contour map of maltose, along with the 
representation of the four stable conformers. 
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Three stable conformers ,  namely CI,  C2 and C3 are found in this  zone.  
The second low energy  domain is  centered  around ~ =70 ~ it 
corresponds  to conformation of maltose molecule (C4) where ~ has been 
rotated by  approximately 180 ~ from the prev ious  conformations .I t  is  
noticeable that the 4 kcal /mol  e n e r g y  contour delimits a zone that 
encompasses  more than 80% of the available surface .  The introduction of  
e n e r g y  contribution aris ing from intramoleeular hydrogen bonding 
resu l t s  in a s ignif icant alteration of this  low e n e r g y  reg ion.  The 
intramolecular energ ies  of maltose res idue corresponding  to these  stable 
conformations are l i s ted in Table 1, along with the solid state  
conformations o b s e r v e d  in crystal l ine  l inear maltodextr ins .  Whereas 
conformers C1, C2 and C3 correspond e lose ly  to conformations found in 
the solid s tate ,  conformer C4 has not ye t  be found.  As for the three 
stable conformations C1, C2 and C3 it is clear that they  correspond to 
molecular arrangements  where the magnitude of the non-bonded 
interact ions  is  quite similar. (In the case of conformer C4, a value 
larger by  about 3 keal/mol than the one obtained for the other 
conformers is  found for the non-bonded in terac t ions ) .  This is  also true  
for the e n e r g y  associated with the torsional  potential  about the 
g lyeosidie  bonds .  Obviously ,  the main dif fereneiat ing interact ion 
appears to be the establ ishment of an intramoleeular hydrogen bond 
between 0 - 2  and 0 -3 '  of cont iguous  re s idues .  Conformer C3 is the only 
one to occur without exhibi t ing  such a stabi l iz ing feature .  Examination 
of the crys ta l  s t ruc tures  corresponding  to the C3 case ,  shows that this  
type  of conformation is found when intramolecular hydrogen  bonds are 
not poss ib le ,  e i ther  because  of the saturation of hydrogen  bond 
poss ibi l i t ies  (case  of methyl-~-maltotr ios ide  4H20 (10))  or because  of  
apolar subs t i tuents  (case  of  8-maltose oetaacetate  ( I I ) ) .  

Table 1 

Intramolecular Energy (Kcal/mol) of Maltose Residue Associated with the Four Stable 
Conformers (A) along with their Percentage of Occurrence in Different Solvents (B). 

A C 1 C 2 C 3 C 4 

,T (o) ii0 , -115 i00 , -135 80 , -150 

Enb -4.04 -4.16 -4.18 
Etors -4.12 -4.36 -4.41 
Ehb -1.95 -1.90 none 

O-2...O-3' 0-2...O-3' 

Enb+Etors -8.16 -8.52 -8.59 
Enb+Etors+Ehb -10.11 -10.42 -8.59 

90 , 70 

-1.30 
-4.89 
-3.76 

O-5...O-3' 
0-6...0-3' 

-6.19 
-9.95 

Solid State 116.1, -118.0 ii0.0, -140.0 80.0, -155.0 
Stable 121.7, -107.7 105.0, -135.0 72.0, -154.0 

Conformations ii0.0, -108.9 105.0, -135.0 84.0, -154.8 
(# , ~)~ 105.0, -117.0 105.0, -135.0 82.2, -148.9 

82.8, -151.8 
.................................................................................. 

H-I...H-4'(A) 2.04 2.14 2.52 3.57 

B 
p-dioxane (%) 20.3 53.3 17.7 8.7 
ethanol (%) 20.7 42.0 22.1 15.2 
DMSO (%) 21.8 40.1 22.8 15.3 
water (%) 17.5 25.7 26.3 30.5 

~=O-5-C-I-O-I-C-4' ; T=C-I-O-I-C-4'-C-5' 
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MODELING OF SOLUTION BEHAVIOR 

The o c c u r r e n c e  of four  families of s t ab le  conformat ions  for  the  
maltose d i s accha r ide  is c o r r o b o r a t e d  b y  i n d e p e n d e n t  ca l cu la t ions ,  ba se d  
u p o n  e i t he r  r i g o r o u s  semi-empir ica l  methods  (12) ,  molecular  mechanics  
ca lcu la t ions  (2) and  o the r  force field methods  (13) .  From the  l a t t e r  
case ,  the  four  d e r i v e d  confo rmers  were f u r t h e r  submi t t e d  to PCILO 
r e f i n e m e n t  in  o r d e r  to a s s i g n  pa r t i a l  c h a r g e s ,  p r i o r  i n v e s t i g a t i n g  the  
conformat iona l  equ i l i b r i a  in  d i f f e r en t  so lven t s  (14) .  The p e r t i n e n t  data  
g i v i n g  the  v a r i a t i o n s  in  the  d i s t r i b u t i o n s  of conformers  CI ,  C2, C3 and  
C4 on going  from non  polar  to polar  s o l v e n t s  are  l i s t ed  in  Table  I .  

In p r i n c i p l e ,  the  d i s accha r ide  e n e r g y  su r f ace  r e p r e s e n t s  the  
s t a r t i n g  po in t  for  an ana ly s i s  of the  so lu t ion  b e h a v i o r  of 
p o l y s a c c h a r i d e s .  Obv ious ly ,  i t  c o n v e y s  also p e r t i n e n t  in fo rmat ion  to be 
u s e d  in  model ing expe r imen ta l  o b s e r v a b l e s  such  as : coup l ing  c o n s t a n t s  
(15) ,  n u c l e a r  O v e r h a u s e r  e f fec t s  (12) ,  sp in  la t t ice  r e l axa t ion  t imes,  as 
well as opt ical  ro ta t ion  at a s ing le  w a v e l e n g t h .  All t hese  a re  s e n s i t i v e  
to conformat iona l  c h a n g e s  abou t  the  g lycos id ic  l i nkage ;  t h e y  re f lec t  a 
t he rmodynamica l ly  a v e r a g e d  conformat ion .  In what follows, some of these  
o b s e r v a b l e s  will be  modeled ba sed  on the  concep t  of the  e x i s t e nc e  of a 
l imited n u m b e r  of s t ab le  con fo rmer s ,  for  which the  p e r c e n t a g e  of 
o c c u r r e n c e  can be r ead i ly  computed .  On the  ( r  ) map,  four  s t a r t i n g  
zones ,  r e s p e c t i v e l y  c e n t e r e d  a r o u n d  conformers  C1, C2, C3 and  C4 
were c o n s i d e r e d ;  each zone had  a su r f a c e  of about  200 ~ . In a g iven  
so lven t  the  p r o b a b i l i t y  of o c c u r r e n c e  of each zone was t a ke n  to be  
equa l  to tha t  of the  c o r r e s p o n d i n g  confo rmer ;  t h e n ,  wi th in  a g iven  
zone,  the  o c c u r r e n c e  of a n y  conformat ion  was c o n s i d e r e d  to be 
e q u i p r o b a b l e .  

The a v e r a g e  va lue  of the  l i nkage  ro ta t ion  is ba se d  on va lues  for 
i n d i v i d u a l  con fo rmer s ,  d e t e r m i n e d  from the  e x p r e s s i o n  g iven  b y  
Rees (16) : h = - 1 0 5  -120 ( s in  *H+sinVH) where  ~H a nd  ~ a re  the  
g lycos id ic  t o r s ion  ang les  r e f e r r e d  to the  h y d r o g e n  atoms.  Our  ca lcu la ted  
va lue  for  < A> in  water  is -17 .8  ~ , from which an a D va lue  of 171 ~ can  
be d e r i v e d  for amylose.  This  is to be  compared  to the  measu red  va lue  
of 195 ~ 5 ~ r e p o r t e d  for  amylose j u s t  be fore  gela t ion  t akes  place (17) .  

Chain  e x t e n s i o n ,  as well as the  conformat ional  freedom of a 
po lymer  can  be ou t l i ned  b y  the  plot of the  c h a r a c t e r i s t i c  ra t io  C(n_) as 
a f u n c t i o n  of the  deg ree  of po lymer iza t ion  n (18 ,19) .  Within the  
f ramework  d e s c r i b e  above ,  cha in  samples  with n=5000 were g e n e r a t e d  
for  each so lven t  c o n s i d e r e d  in  th i s  s t u d y .  The c 'harac te r i s t i c  C ( n )  was 
eva lua t ed  and  i t s  v a r i a t i o n  as a f u n c t i o n  of n was checked  for  
asympto t ic  b e h a v i o r .  The r e s u l t s  are  r e p o r t e d  in  Ta-ble 2. The fact  t ha t  
C o~ in  wa te r ,  is o b t a i n e d  for  a n va lue  in  the  v i c i n i t y  of 70 as 

�9 a b l e  2 

[ -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " I  

l vacuum dioxan  DMS O water  ' 
! C r 1 . 7  1 . 6  2.3 4.0 ' ! ! 

' n 6 0  50 50 70 ' ! - -  
t -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .~t 

compared  to va lues  of 50 in  o t h e r  s o l v e n t s ,  i nd i c a t e s  a g r e a t e r  
e x t e n s i o n  of the  amylosic cha in  in  th i s  p a r t i c u l a r  s o l v e n t .  In  a g r e e m e n t ,  
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the  va lue  of Ccois l a r g e r  in  water  t h a n  in  vacuum and  the  va lues  for  
o the r  so lven t s  lie i n  b e t w e e n ,  b e i n g  r o u g h l y  a u~-n-ction of the  d ie lec t r ic  
c o n s t a n t  of the  media.  

As fa r  as the  ca lcu la ted  conformat ions  abou t  the  angle  ( C - 1 - O - 1 )  
b o n d )  are c o n c e r n e d ,  the  p r e s e n t  r e s u l t s  may be e x t e n d e d  to the  
gene ra l  b e h a v i o u r  o b s e r v e d  for the  t y p e  of l i nkages  in  c r y s t a l l i n e  
c a r b o h y d r a t e s .  A s t u d y  of the  d i s p e r s i o n  of the  angles  in  all r e p o r t e d  
s - l i n k e d  D glucose r e s i d u e s  (20) i nd i c a t e d  t h a t ,  desp i t e  the  wide 
v a r i e t y  of l i nkage  t y p e s ,  the  va r i a t i on  of was i ndeed  r e s t r i c t e d ,  and  
a bimodal d i s t r i b u t i o n  was o b s e r v e d  (Fig .  4) .  One of the  node is found  
to be  c e n t e r e d  a r o u n d  
@=80 ~ r a n g i n g  from 60 ~ to 

N 
85~ and  c o r r e s p o n d s  to 
s t r u e t u r e s  t ha t  do not  
exh ib i t  a n y  in t r amoleeu l a r  

9 
h y d r o g e n  b o n d i n g .  Clea r ly ,  
such  a mean conformat ion  
c o r r e s p o n d s  to cases  where  
on ly  n o n - b o n d e d  
i n t e r a c t i o n s  a n d  the  7 
exo-anomer ic  effect  are  
p r e p o n d e r a n t .  Decomposit ion 
of the  ca lcu la ted  e n e r g y  
in to  i t s  main c o n t r i b u t o r s  
(Tab le  1) shows tha t  the  
n o n - b o n d e d  i n t e r a c t i o n s  
be tween  conformers  does 
not  d i f f e r .  Cons ide ra t i ons  
of  the  c o n v e n t i o n a l  
f u n c t i o n s  u s e d  to e x p r e s s  
the  i n f l u e n c e  of the  exo-  
anomeric  effect  (21) would 
p r ed i c t  a s tab le  minimum at  
@ = 60 ~ . In ou r  p r e s e n t  

scheme,  the  s tab le  
conformat ion  about  is 
found  to be sh i f t ed  b y  
abou t  20 ~ away from th i s  
p e r f e c t l y  s t a g e r e d  pos i t ion ,  
and  i n d e e d  r e f l ec t s ,  i n  a 
conformat ions  abou t  C-1 -O-1  
o b s e r v e d  on the  h i s togram is 

i 

$ 

l 

60 80 100 ~.20 4~P 
Fig. 4. Histogram of  the d i s t r i b u t i o n  of  
torsion angles (0-5 - C-I - 0-I - C-x'~ i r  
~- l inked carbohydrates. 

sa t i s f ac to ry  m a n n e r ,  the  o b s e r v e d  
b o n d  (Fig .  4) .  The o t h e r  node  as 
found  to be c e n t e r e d  at r = 110 ~ 

( r a n g i n g  from 100 ~ to 120 ~ and  is assoc ia ted  with o l igosacchar ides  
h a v i n g  a h y d r o g e n  b o n d  be tween  c o n t i g u o u s  r e s i d u e s .  Clear ly  for  t hese  
l a t t e r  va lues  the  s t ab i l i z ing  i n f l u e n c e  of the  exo-anomer ic  effect  is 
o v e r r i d e n  b y  the  format ion of an i n t r amolecu l a r  h y d r o g e n  b o n d .  

HELICAL PROPAGATION OF AMYLOSIC BACKBONE. 

Helieal a r r a n g e m e n t s  are  cus tomar i ly  d e s c r i b e d  in  te rms  of se t s  of 
hel ical  p a r a m e t e r s  ( n ,  h ) ;  n b e i n g  the  n u m b e r  of r e s i d u e s  p e r  t u r n  of 
the  he l ix ,  and  h b e i n g  the  t r a n s l a t i o n  p e r  r e s i d u e  a long the  hel ix  ax is .  
This  se t  of p a r a m e t e r s  can be c o n v e n i e n t l y  d e r i v e d  from the  knowledge  
of the  g lycos id ic  to r s iona l  ang les  ( r  ~) a s s u m i n g  tha t  the  o t h e r  
p a r a m e t e r s  remain  c o n s t a n t .  The se t s  of hel ical  p a r a m e t e r s  ( n ,  h)  
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b a s e d  on the  t h r e e  s t a b l e  c o n f o r m e r s  C I ,  C2, a n d  C3 were  e v a l u a t e d .  
The  c o r r e s p o n d i n g  r e g u l a r  he l ica l  p r o p a g a t i o n  of  t h e  amylos ic  b a c k b o n e  
a r e  shown on F ig  5. Helical  p r o p a g a t i o n  b a s e d  on c o n f o r m e r  C3 would 
r e s u l t  in an e x t e n d e d  c h a i n ,  as  shown b y  t h e  m a g n i t u d e  of  t h e  a d v a n c e  
p e r  monomer h ,  which  is  a lmost  85% of  t he  maximum e x t e n s i o n .  A 
c a l c u l a t e d  va lu~  o f  h = 3 .6  A is  i n d e e d  v e r y  c lose  to t h e  ones  found  
e x p e r i m e n t a l l y  for  n~ t ive  A and  B amyloses  (22) .  The  a s s o c i a t e d  va lue  
o f  n = -5 i n d i c a t e s  t h a t  t h e  amylos ic  cha in  would d i s p l a y  a l e f t - h a n d e d  
chi~-alit y. 
Incidently, small 
deviations away from 
these @ , ~ values 
would yield a left 

C1 C2 

h a n d e d  s ix  fold  he l ix  
from which a double 
helical stranded 
structure can be 
generated (23). A 
drastic collapse of the 
amylosic chain is 
obtained when 
conformer C 1 is 
considered as defining 
t h e  r e p e a t i n g  u n i t .  
Th i s  co l l apse  i s  
c h a r a c t e r i z e d  b y  smal] 

Fig. 5. Molecular drawings of three dist inct  maltoheptaosE 
~o]ecu]es as derived from CI, C2, C3 parent disaccharides. 

values of the advance per monomer h (typically around 0.5) and by 
values of n about -7. This again generates a left handed shallow helix 
which closely corresponds to the macromolecular conformation found for 
all the structures of amylose V or in cycloamyloses. A third type of left 
handed helix can be generated from conformer C2. There is a somewhat 
less drastic collapse of the backbone ( h = 2.5 A), the helical 
parameter n being centered around -6.0. SuCh a conformation has not 
been reported yet for amylose polymorphs, although it is preponderant 
in maltoheptaose bound to phosphorylase (24). 

CONCLUSIONS 

The p r e s e n t  work  e s t a b l i s h e s  t h a t  : 
- t h e  se t  of  p o t e n t i a l  f u n c t i o n s  u s e d  in  t he  "empi r i ca l "  ca l cu l a t i on  

i s  a d e q u a t e  a n d  l e a d s  to t h e  conc lus ion  t h a t  fou r  s t a b l e  low e n e r g y  
c o n f o r m e r s  a r e  f o u n d .  

- t h e  equ i l i b r i um b e t w e e n  t h e s e  eon fo rma t iona l  s t a t e s  u n d e r g o e s  
d r a s t i c  v a r i a t i o n s  u p o n  c h a n g e s  of  t he  s o l v e n t .  In n o n - p o l a r  s o l v e n t s ,  a 
h i g h  p r o p o r t i o n  of  t h e  molecule  e x i s t s  in t h e  con fo rma t ions  in  which t h e  
i n t e r  r e s i d u e  h y d r o g e n  b o n d  O - 2 . . . O - 3 '  is  p o s s i b l e .  In a q u e o u s  
so lu t i on ,  t h e  o c c u r r e n c e  of  s u c h  s t a b i l i z i n g  f e a t u r e  i s  no l o n g e r  
p r e p o n d e r a n t ;  t h i s  i s  s u p p o r t e d  b y  t h e  a g r e e m e n t  b e t w e e n  o b s e r v e d  
a n d  c a l c u l a t e d  op t i c a l  r o t a t i o n  fo r  amylose  j u s t  p r i o r  to  ge l a t i on .  

- m o d e l i n g  o f  t h e  p o l y s a c c h a r i d e  cha in  in  so lu t ion  i n d i c a t e s  a 
g r e a t e r  e x t e n s i o n  o f  t he  amylos ic  c h a i n  in w a t e r  t h a n  in  l e s s  p o l a r  
s o l v e n t s .  T h e r e f o r e ,  in  go ing  from an e x t e n d e d  s h a p e  t a k e n  b y  t h e  
macromolecule  in w a t e r ,  to a c o l l a p s e d  s h a p e  in  l e s s  p o l a r  s o l v e n t s ,  t h e  
cha in  u n d e r g o e s  a h y d r o p h o b i e  f o l d i n g .  

- t h r e e  of  t h e  f o u r  c a l c u l a t e d  low e n e r g y  minima c o r r e s p o n d  to 
s i t u a t i o n s  o b s e r v e d  for  l i n e a r  a n d / o r  cyc l i c  m a l t o d e x t r i n s  in  t h e  so l id  
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state.  Furthermore,  these conformations are shown to be p recu r so r s  of 
a var ie ty  of lef t -handed helical s t ruc tu res .  One is found to correspond 
closely to the amylose V type of s t ruc tu re ,  whereas another  would be 
compatible with a lef t -handed double s t randed helix. Another stable 
conformation does not correspond to any of the repor ted  amylose 
polymorph, al though it is p reponderant  in maltoheptaose bound to 
phosphorylase .  

These findings establish that understanding of the polymorphic 
transformations of amylose may be reached through potential energy 
calculation. The present data leads to a static description only; the use 
of more sophisticated approaches such as molecular dynamics should lead 
to further insights, particularly into the pathways to interconversion 
between polymorphs. 
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