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SUMMARY 

The infrared spectra of various carbohydrates in water have been recorded and found 
to be characteristic of each compound. 

Infrared techniques have been used to determine mutarotation constants of 
a-D-glucose, fi-D-glucose and fl-D-mannose. Absorbance values at a constant charac- 
teristic wavelength were observed as they changed with time; and were applied in an 
equation previously used in polarimetric determinations of the mutarotation constants. 
The mutarotation constants determined by the infrared method were in good agree- 
ment with those determined polarimetrically. 

I N T R O D U C T I O N  

In the past thirty years, scattered reports have appeared in the literature concerning 
infrared investigations in which solutions of certain carbohydrates were studied. 
In none of these reports, however, was any indication given that the spectrum of a 
sugar might change in solution with time owing to changes in the configuration of 
the sugar molecule. 

An investigation was therefore undertaken to obtain the infrared spectra of 
various carbohydrates in water and to determine whether any configurational changes 
could be detected by infrared spectrophotometry. Although in recent years many 
excellent studies have been made of carbohydrates in the solid state, it should be 
kept in mind that water solutions can give information which is more characteristic 
of biochemical systems. 

M A T E R I A L  AND M E T H O D S  

The experimental techniques involved were essentially those previously published 
from this laboratory in other studies of biochemical substances, such as compounds 
of the citric acid cycle I and amino acids and related compounds 2,a. The instrument 
used was a Perkin-Elmer model 21 infrared spectrophotometer with a sodium chloride 

*A preliminary report was presented before the Division of Biological Chemistry of the 
American Chemical Society, in Atlantic City, New Jersey, September, 1959, Abstracts o/ Papers, 
x36th Meeting, z959, 20C. 
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prism. The sample solution was contained in a barium fluoride cell of 0.025 mm thick- 
ness. In the reference beam a t ransmit tance screen was used. This screen could be 
adjusted to allow varying amounts  of light through from the source. I t  was based 
on a screen mentioned by POTTS AND WRI(;HT 4. The carbohydrate  solutions observed 
were either io  or 20 ° o (w/v) in water. 

The materials studied were aq)-glucose (National Bureau of Standards,  U.S.A.); 
#-D-glucose (Mann Research Laboratories (P), m.p. 149-I5 o°, mutaro ta t ion :  t- 19.6 
to 51.8 ° (c - - - IO) ;  fl-D-mannose (Mann, M . A . , - - 1 6 . o  to -~i4.3°); D-galactose 
(Pfanstiehl, anhydrous,  C.P.); D-ribose (Nutritional Biochemicals Corp.); sucrose 
(J. T. Baker, analyzed);  L-arabinose (Pfanstiehl, C.P.) ; ~)-levulose (Pfanstiehl, C.P.); 
glucose-i-phosphate,  dipotassium salt (Schwarz Laboratories);  and maltose hydrate  
(Pfanstiehl, C.P.). 

R E S U L T S  

The spectral change of a-D-glucose in water 

Fig. I shows the spectrum of redistilled water  in a 0.025 mm BaF  2 cell. The 
reference beam had only the t ransmit tance screen. I t  can be seen that  water has a 
t ransparent  region from about  6.3/x to I I /x ,  which is the range used for these studies. 

The observations from a set of experiments with a-1)-glucose will now be described. 
I t  was considered possible at the outset  tha t  a band in the spectrum of a-D-glucose 
in water might  be found which would change its intensity with time and thereby 
show up a structural  change. Fig. 2 shows that  a 20 % solution of a-D-glucose has 
such a band  at 8.75/* and that  the t ransmit tance of this band  changes with time. 
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Fig .  2 . - - ,  t h e  s p e c t r u m  of  a - D - g l u c o s e  (2o~o 
w/v )  in w a t e r  a t  t i m e  of  d i s s o l v i n g ;  . . . .  , a t  

e n d  of  m u t a r o t a t i o n .  

Other bands also exhibit changes in their intensities with time, but tile changes are 
smaller. 

The recording of the curve (solid line) was begun at 6.1o/x, 2.5 min after water 
had been added to the sugar. Point  A represents the intensity of the band at 8.75/,,  
4-3 min after water had been added. Point  B (dotted line) represents the intensity 
of the band  at 8.75/x at the end of the run, 169 min after dissolution. 
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I t  was reasoned that  if the change in intensi ty of the band  at 8.75/z is a measure 
of the change from a-D-glucose to the well-known equilibrium mixture,  then the 
same band  would show a reverse change in percent t ransmit tance if a sample of 
/?-D-glucose were dissolved in water. 

The @ectral chaJz2e of/?-D-glllcose in ~cater 

Fig. 3 demonstrates  the anticipated reverse effect at 8.75 ft. Point A lies on the 
curve (solid line) representing the run at the beginning of the mutaro ta t in  of /?-D- 
glucose. Point  B lies on the curve (dotted line) representing the equilibrium mixture 
at the end of the run. The change in percent t ransmit tance here is downward from 
A t o B .  

K iJzetics of ,m¢¢tarotatiolz 

Fur ther  corroboration that  changes in the band intensity at 8.75 ff are indicative 
of mutarota t ion was found when an equilibrium mixture containing 36. 4 ?o a-D- 
glucose and 63.6 ?o /~-D-glucose was dissolved in water s and observed in the spectro- 
photometer .  Fig. 4 shows that  the percent t ransmit tance of the 8.75/x band  remained 
at a constant  value for the whole duration of the experiment (triangles). In  this 
figure are plot ted the relative changes in percent t ransmit tance for the a-form, 
thr  /?-form, and the equilibrium mixture,  i.e., in each case the difference between 
the percent t ransmit tance at 8.75/~ and the percent t ransmit tance at the highest 
par t  of the curve (8.5o if) was plotted on the ordinate as A percent T, versus t ime in 
minutes on the abscissa. 
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Fig. 3 - - - ,  the spec t rum of j~-D-glucose (20% 
w/v) in water  at t ime of dissolving; - -  -, at  

end of mutaro ta t ion .  
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Fig. 4. O, the relative changes ill percent  t rans-  
mi t tance  of the band  at 8.75 ff for a-D-glucose; 
O,  /~-D-glucose. ~k, for an equil ibrium mixture .  

All in 2o O//o solutions. 

I t  should be noted tha t  tile intensi ty changes of the a-D-glucose and of the 
/?-l)-glucose go in opposite directions and are essentially parallel to the effects seen 
in polarimetry. 

The kinetics of such changes were calculated from absorbance values (as discussed 
below) for IO o./o solutions observed in similar fashion. The reason for the use of IO °o 
solutions to calculate kinetic values was that  previous worker@, 7, performing polari- 
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metr ic  measurements ,  had  used solut ions of IO % or less; and  consequent ly  their  
values  could be used for compar ison with  the  results  ob ta ined  in the  present  s tudy .  
The range of K values (muta ro ta t ion  constants)  are in good agreement  with those 
found by  HUDSON AND I)ALE ¢ by  pohir imetr ic  methods.  

k~ 
The formula t ion  of the f irst-order cons tan t  for the change, a ~ / 3 ,  was used 

fur glucose i n  the  following way:  k, 
1 ~4 o . .4  ~,~ 

K := k l  ] l,>2 : -  lo,,  
t " 77~ : i4oo 

where, t is the t ime i n  minutes  af ter  addi t ion  of water ;  A o is the ini t ial  absorbance  
of the band  at  8.75 ix" A ~, is the final absorbance  of the band  at  8.75 ix; and  A t  is 

the  absorbance  at  t ime t of the same band,  till values being read from a cont inuous  
plot  at  cons tan t  wavelength  of al~sorbancc ver sus  t ime. The equat ion  given at)eve is 
an a d a p t a t i o n  of the  one given by  HuDsoN AND DALe; ~, where absorbance  values 
have  been subs t i tu t ed  for opt ica l  ro ta t ion  values.  The speed of recording was 12.5 
min/ix for the  runs at  cons tan t  wavelength.  

Table  I presents  six represen ta t ive  exper imenta l  points  of At take.n from a group 
of over  5o exper imenta l  poin ts  from a plot  of absorbance  v e r s u s  t ime tit cons tan t  
wavelength  (8.75 ix). The points  given in the table  for A t  are chosen randomly ,  bu t  
with the in ten t  of showing the progressive change in At with t ime and the method  of 
calculat ion.  The d a t a  presented  in the table  show an upward  drif t  in the K vahle 
with t ime,  which is a t t r i b u t a b l e  to the range of t empera tu re  to which the solutions 
were exposed  in the BaF~ cell. However,  the range of K vahles agrees well wi th  the 
range of values de te rmined  by  Hul~SON AN J) I)Al.t~: G for a-D-glucose and fi-D-glucose, 
as seen in Table  I I .  The second column indica tes  polar imet r ic  values of K de te rmined  
at  25 °, 3 o~' and  4 o°. The th i rd  column indicates  the r3.t*lge of vahles of K ob ta ined  by  
the infrared method,  the  average value of K,  aud  the t empera tu re  range in the B a F  2 
cell, which is within the range s tud ied  hy ncri)soN ANI~ DAI.E. 

TABLE l 

R E P R E . ~ E N T A T I V E  V A L U E S  F R O M  T H E  C A L C U L A T I O N  O F  T I l E  

M U T A R O T A T I O N  C O N S T A N T  O F  ( Z - D - G L U C O S E  

A .  . .  74 r 
I .1 o ,'lot . ] ( )  o.2o7 

K lo °. 
l ' .41 A c..':> l m i m e h ~  afh:r 

addi t ion  o f  :e'ah'r 

l ( ra in)  4 t K 

3.2.5 0.327 o.o190 
8.25 o.3oi o.o2o 4 

20.75 o.257 o.o2o 7 
3 2 . 0 o  o . 2 3 4  o . o 2 1 4  

47.00 o.2 l 3 o.o202 
0 2 . 0 0  O . 2 0 ~  O . 0 2 0 0  

The mu ta ro t a t i on  cons tants  ob ta ined  for a IO % solut ion of fi-D-mannose under  
the same condi t ions (27-35 ~) ranged from o.o42 to o.o8o, which also is in sa t i s fac tory  
agreement  with HUDSON AND SAWYER'S v repor ted  values of o.o49 and O.lO6 at  3 °o 
and 4 o°, respect ively.  Fig. 5 shows the changes undergone by  fl-l)-mannose. The solid 
line represents  the sugar  shor t ly  af ter  dissolving. I t  can be seen tha t  a band  at  8.6o Ix 
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TABLE II 

A C O M P A R I S O N  O F  T H E  V A L U E S  O F  T H E  M U T A R O T A T I O N  C O N S T A N T ,  / ~ ,  O B T A I N E D  B Y  

HUDSON AND DALE ~ (POLARIMETRICALLY) WITH THE VALUES OBTAINED IN 
THE PRESENT STUDY (INFRARED) 

517 

.~ugar 
By polarimetry By infrared 

a-D-glucose O.OLO 5 at 25 ~ Temperature range, 27-35 ° 
o.o175 at 3 °o o.o24o average 
0.0437 at 4 °° (values range from o.o186 to 0.0329 ) 

fl-D-glucose o,o[o57 at 25 ° Temperature range, 27-35 ° 
o.o168 at 3 °o o.o20o average 
o.o395 at 4 °0 (values range from o.ot 5 to o.o323) 

has  a l r e a d y  begun  to deve lop .  T h e  d o t t e d  l ine r ep resen t s  the  sugar  a t  the  c o m p l e t i o n  

of m u t a r o t a t i o n  and  ind ica tes  t h a t  the  t r a n s m i t t a n c e  a t  8.6o F has  dec reased  w i t h  

t ime.  Here ,  again ,  t he  m u t a r o t a t i o n  c o n s t a n t  was  ca l cu l a t ed  f rom a b s o r b a n c e  

read ings  at  c o n s t a n t  w a v e l e n g t h  (8.6o t*), j u s t  as was  done  for glucose.  
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Fig. 5. - - ,  the spectrum of fl-D-mannose (20 % Fig. 6. The spectrum of glucose-i-phosphate, 
w/v) in water at time of dissolving; - , at dipotassium salt (20% w/v) in water. 

end of mutarotation. 

Observations on sugars with no polential keto or aldeh3,de group 

Fig.  6 straws the  s p e c t r u m  of g l u c o s e - l - p h o s p h a t e  (d ipo ta s s ium salt).  In  this  

c o m p o u n d  no m u t a r o t a t i o n  can  t a k e  p lace  because  the  h y d r o x y l  g roup  on ca rbon  I 

ha:~ been  esterif ied.  No  change  in s p e c t r u m  w i t h  t ime  for th is  c o m p o u n d  was obse rved .  

I t  is in te res t ing ,  there fore ,  in th is  connec t ion ,  t h a t  no abso rp t i on  b a n d  is d i s p l a y e d  
at  8.75 t~, the  b a n d  which  unde rgoes  t he  change  in ~-u-g lucose  a n d  fi-D-glucose. 

Fig.  7 shows the  s p e c t r u m  of sucrose,  wh ich  also c a n n o t  m u t a r o t a t e .  Aga in  no 

change  in s p e c t r u m  w i t h  t i m e  was  o b s e r v e d  a n d  the re  is no a b s o r p t i o n  b a n d  a t  8.75 /z. 

Spectra of some additional carbohydrates 

Fig.  8 shows spec t r a  of D-levulose (20 %), D-galactose  (IO %), D-ribose (20 ?o), 
L-arab inose  (20 ?o) a n d  ma l to se  h y d r a t e  (2o %) w i t h o u t  r e g a r d  for a n y  possible  

Biochim. Biophys. Acla, 42 096o) 513-519 
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i nu ta ro ta t ion  changes. The t r ansmi t t ance  scales have been displaced,  in order  to 
spread  out  the five spectra.  I t  can be seen tha t  in water  solutions, ca rbohydra t e s  
show character is t ic  spec t ra  jus t  as they  do in the  solid s tate .  Each spec t rum shown 
in Fig. 8 is different from any  of the others  shown in this paper .  
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Iqg. 7. The spec t rum of sucrose (-'o (!'0 w/v) in 
water.  

Fig. 8. The spectra of :D-levulose (2o '~,), D-ga- 
lactose (lO%), D-ribose (20%), L-arabinose 

(zo o~), and inaltose hydra te  (zo %). 
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I)[SCUSSI()N 

The d a t a  given in this paper  show tha t  infrared spec t ropho tome t ry  can be appl ied  
in following s t ruc tu ra l  changes which occur in ca rbohydra t e s  in water  solution. In 
par t icu la r ,  the process of n m t a r o t a t i o n  has l)cen s tudied  and the d a t a  relat ive to 
m u t a r o t a t i o n  cons tan ts  compare  favorab ly  with those ob ta ined  po la r imet r ica l ly  
b y  other  workers.  

I t  would be advan tageous  to be able to make  an ass igmnent  of the absorp t ion  
band  at  8.75/z ( , i 4 3  cm 1), but  such an ass ignment  cannot  be made at  this  time. I t  
has been s t a t ed  s tha t ,  " b e y o n d  96o cm ~, (" O and C- C stretching,  as well as C H 
deformat ion  and skeletal  frequencies, make  correlat ion between band  posit ions and 
molecular  s t ruc ture  difficult".  Absorp t ion  due to the C O-C an t i symmet r i ca l  
s t re tch ing  has been observed 9,~° in the  region H 5 o - I o S o  cm ~ in the  case of cyclic 
ethers,  such as t e t r ahyd ro fu ran  and z,4-dioxane,  bu t  there  is still not enough in- 
format ion  avai lab le  to decide what  the effects of the  a- or f l-configurations might  1)e 
in this  case. 

A(" KN ()\VLE 1)(2,E ME N T 
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SUMMARY 

Under appropriate conditions it is possible to show that, during the incubation of 
muscle microsomes with ATP, a soluble dialyzable substance is found which is capable 
of inhibiting tension generation in glycerinated muscle fibers. A hypothesis has thus 
been made that the muscle-relaxing activity of MARSH extract is achieved through 
the formation of this substance. A number of conditions have been found, however, 
where the microsomes were active, but no soluble substance could be demonstrated. 
The conditions most favorable for forming the soluble muscle-relaxing substance have 
been investigated and some preliminary characterization of it has been achieved. 
Evidence is presented which suggests ~hat ATP is a substrate for the formation of 
the substance. 

INTRODUCTION 

Although the muscle-relaxing activity of extracts of muscle I is associated with the 
microsomal fraction of the extract 2 ~, some doubt exists as to whether the microsomes 
per se produce relaxation. Both LORAXI) 6 and WEBER 7 have noted that the size of 
the microsomes would preclude their penetration into a glycerinated muscle fiber and 
consequently an essential area of the fiber would be beyond the action of the micro- 
some. It thus becomes necessary to postulate that the microsomes produce relaxation 
by forming or releasing some readily diffusible substance. The observations that 
inhibition of tension s and inhibition of myofibrillar ATP-ase 9,1° is preceded by a 
latency which is abolished by preincubation suggests that such a substance is indeed 
formed, or released, or both. Attempts by NAGAI et al. 1° to demonstrate the presence 
of such a substance, however, met with failure. 

Abbreviat ions  used: ATP, adenosinetr iphosphate ;  CP, creatine phospha te ;  CPT, creatine 
phosphoryl t ransferase ;  CTP, cytidine t r iphosphate ;  SMRS, soluble musele-relaxing system. 
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