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level, the  decarboxyla t ion showed a sharp  decrease. The m a x i m u m  act ivi ty was  reached at  a 
weaker  concentra t ion wi th  long-chain acids. The depression of decarboxylat ion at  concentra t ions  
exceeding the  m a x i m u m  is not  due to aldehyde formation,  bu t  to pene t ra t ion  of the keto acid 
a t  a rate  exceeding the  decarboxyla t ion  velocity, and its consequent  accumulat ion  in the  yeast  cell. 

The reverse behaviour  of s t ra ight-chain  a-keto acids wi th  yeast  p repara t ions  and wi th  in tac t  
yeast  can only be explained by  assuming  t h a t  the  cell membrane  of intact  yeast  cells offers a 
barr ier  par t icular ly  to the  pene t ra t ion  of shor t -chain  keto acids. This a s sumpt ion  has been con- 
firmed experimental ly  by  potent iometr ic  measurement  of the pene t ra t ion  speeds. 

The only branched a-keto acid investigated,  a-ketoisovaleric acid, was  decarboxylated slower 
b y  yeas t  p repara t ions  t h a n  were the  nex t  s t ra ight-chain  keto acids. Wi th  in tac t  yeast ,  a-keto-  
isovaleric acid was  decarboxyla ted  less rapidly t han  a-ke tobutyr ic  acid. 
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GLUCOSONE 

II. INHIBITION OF YEAST METABOLISM, YEAST HEXOKINASE 

ACTIVITY AND TISSUE GLYCOLYSIS* 

M A R I E  T. H U D S O N  AND GLADYS E. W O O D W A R D  

Biochemical Research Foundation, Newark, Del. (U.S.A.) 

D-Glucosone has been reported 1, 3, 3 to inhibit the anaerobic fermentation of glucose 
by  baker 's  yeast, but  the reports were not in agreement as to the amount of glucosone. 
required to produce inhibition. There was also lack of agreement as to whether  
glucosone does or does not inhibit respiration of yeast cells2, 3. These variances; 

* Taken in pa r t  f rom a thesis  submi t ted  by  MARIE T. HUDSON to the  Facu l ty  of the Universit~ - 
of Delaware in par t ia l  fulfillment of the requi rements  for the  degree of Master of Science, June  1956. 
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indicated the desirability of additional studies with a purified well-characterized 
sample of D-glucosone. The preparation and properties of such a sample of glucosone 
has been described in detail in Part P.  The present report includes an investigation 
of the effect of this purified glucosone on yeast metabolism together with studies of 
its effect on yeast hexokinase activity and on tissue-slice glycolysis. 

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

T h e  3 ,eas t  w a s  F l e i s c h m a n n ' s  s t a r c h - f r e e  p r e s s e d  b a k e r ' s  y e a s t .  T h e  h e x o k i n a s e  w a s  P a b s t ' s  
p u r i f i e d  y e a s t  h e x o k i n a s e  w h i c h ,  i t  is s t a t e d ,  h a s  a n  a c t i v i t y  o f  a p p r o x i m a t e l y  2 8 , 0 0 0  K . M .  
u n i t s  p e r  g a t  3 o°.  T h e  t u m o r  t i s s u e  s l i ces  w e r e  c u t  f r o m  W a l k e r  256  c a r c i n o m a s  w h i c h  h a d  b e e n  
g r o w n  s u b c u t a n e o u s l y  f o r  25 t o  7 d a y s  in m a l e  w h i t e  r a t s  o f  t h e  W i s t a r  s t r a i n .  T h e  b r a i n  t i s s u e  
w a s  s l i ced  f r o m  n o r m a l  b r a i n s  e x c i s e d  f r o m  r a t s  of  a p p r o x i m a t e l y  t h e  s a m e  s ize  a s  t h o s e  in  w h i c h  
t h e  t u m o r s  h a d  b e e n  g r o w n .  T h e  t i s s u e s  w e r e  s l i ced  t,') a p p r o x i m a t e l y  0 .5  m m  in  t h i c k n e s s  w i t h  a 
S t a d i e - R i g g s  m i c r o t o m e .  

T h e  u s u a l  \ V a r b u r g  m a n o m e t r i c  t e c h n i q u e s  s w e r e  u s e d  fo r  t h e  f e r m e n t a t i o n ,  g l y c o l y s i s  
a n d  r e s p i r a t i o n  s t u d i e s .  T h e  d i r e c t  m e t h o d ,  in  w h i c h  K O H  is p l a c e d  in  t h e  c e n t e r  wel l  o f  a f lask ,  
w a s  u s e d  for  t h e  r e s p i r a t i o n  m e a s u r e m e n t .  T h e  r e a c t i o n  r a t e s  w e r e  m e a s u r e d  in  a t o t a l  v o l u m e  
of  2 ml  a t  37 ~. T h e  g a s  p h a s e  w a s  5 % (~O2 in Nz fo r  a n a e r o b i c  a n d  a i r  fo r  a e r o b i c  s t u d i e s .  T h e  
y e a s t  h e x o k i n A s e  r e a c t i o n  w a s  c a r r i e d  o u t  in a t o t a l  v o h l n l e  o f  2 nil  a t  3 o' in  a n  a t m o s p h e r e  o f  
5 % COe  in N,, a c c o r d i n g  t o  t h e  m e t h o d  of  ('~OLOWlCK AND I~ALCKAR 6. 

T h e  y e a s t  ce l l s  s u s p e n d e d  in w a t e r  w e r e  p l a c e d  in  t h e  s i d e - a r m  of  t h e  f lask,  a n d  t h e  s u b s t r a t e  
o r  s u l ) s t r a t e  p l u s  g l u e o s o n e  a n d  w a t e r  w e r e  p l a c e d  in t h e  m a i n  p a r t  of  t h e  f l ask .  In  s o m e  ca se s ,  
a s  i n d i c a t e d ,  b u f f e r s  to  g i v e  a f ina l  c o n c e n t r a t i o n  of  0 .04  34 w e r e  a l s o  a d d e d  t o  t h e  m a i n  p a r t  
of  t h e  f l a s k  l : o r  t h e  y e a s t  h e x o k i n a s e  r e a c t i o n ,  h e x o k i n a s e  a n d  s u b s t r a t e ,  o r  h e x o k i n a s e ,  s u b s t r a t e  
an(1 g l u c o s o n e  t~ere t ) l aced  in t h e  s i d e - a r m  of  t h e  f l a s k  a n d  t i l e  m a i n  p a r t  c o n t a i n e d  t h e  f o l l o w i n g  
in t h e  f inal  c o n c e n t r a t i o n s  as  i n d i c a t e d :  o . o l  M a d e n o s i n e  t r i p h o s p h a t e  (ATP)  a d j u s t e d  w i t h  
N a O t l  to  a p H  a b o u t  7..5, o.o~ 3 I  MgC12 a n d  0 .02 51 N a H ( ' O  3. F o r  t i s s u e  g l y c o l y s i s  t h e  t i s s u e s  
w e r e  s u s p e n d e d  in K r c l , s  R i n g e r  b i c a r b o n a t e  w h i c h  c o n t a i n e d  o o i  5 :~4 g l u c o s e  a n d  g l u c o s o n e  
iu t i le  a m o u n t  spec i f i ed  for  e a c h  e x p e r i u l e n t .  T h e  a m o u n t  o f  t i s s u e  w a s  d e t e r m i n e d  a s  t h e  d r y  
we ig f i t  of  t h e  t i s s u e  w h l c h  w a s  t a k e n  f r o m  t h e  s u s p e n d i n g  m e d i u m  a t  t h e  c o n c l u s i o n  o f  t i le  
e x p c r i l l l c u t  ;tD(] (]Yie(] iD al l  IIV('II ~lt 9 0 : .  

R E S U L T S  . \ N D  DISCUSSION 

Effect o~ anaerobic/ermentatiou o/ yeast 

Glucosone inhibi t ion  (,f yeas t  f e rmenta t ion  has been found to va ry  in in tens i ty  
wi th  different yeas t  samples  and with s torage of the yeast .  The d a t a  given in Table  I 
ga thered  from a series of exper imen t s  wi th  the same yeas t  sample  wi thin  a shor t  
per iod of t ime show tha t  the pH of the med ium is an impor t an t  factor  in the degree 
of inhibi t ion of yeas t  f e rmenta t ion  by  glucosone. W h e n  an aqueous glucosone solut ion 
was made  less acid wittt NaOH before add i t ion  to the  medium,  the  degree of inhibi t ion  
increased.  This effect was most  appa ren t  when the molar  ra t io  of glueosone to glucose 
was 3:1,  at  which level the average inhib i t ion  was 32% when the glucosone was 
u n a d j u s t e d  (pH 3-5), but  42 and lOO% when the p H  was raised to 4.5 and 5.5, re- 
spectively.  \ \ ' h e n  phospha te  or snccinate  buffers were a d d e d  to the  sys tem to ma in ta in  
the pH dur ing  the course of the reaction,  the  inhib i t ion  was greater  t han  when the 
~ystcm was unbuffered.  The degree of inhibi t ion  p roduced  b y  glucosone ad jus t ed  
to pH 5-5 and in a molar  ra t io  of 2 : I wi th  glucose increased from 4 ° % in the  unbuffered 
to about  70% in the buffered medium.  

Glucosone inh ib i ted  the anaerobic  fe rmenta t ion  of fructose to a grea ter  ex ten t  
than it inhibited the fermentation of glucose. Unadjusted glucosone in a ratio of 
I : I with fructose gave an average of 35 % inhib i t ion  in an  unbuffered m e d i u m  and  
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T A B L E  I 

EFFECT OF p H  o n  D-GLUCOSONE INHIBITION OF ANAEROBIC FERMENTATION 
OF GLUCOSE BY BAKER'S YEAST 

Percentage inhibition in various media 
Glucosone 

Glucose Unbuffered KH,P04 Na2HPO4-KH~PO, Succinate 

(molar ratio) pH 3.5 pH 4,5 pH 5.5 pH 4.5 pH 5.5 pH 6. 5 pH 5.5 

I : I  o o o 7 31 2 ~  34  
2 : I  o o 4 ° 67  6 9  73 71 
3 : I  32 42 IOO IOO IOO - -  IOO 
5:1 IOO ioo . . . . .  

Y e a s t ,  2 r a g ;  g l u c o s e  c o n c e n t r a t i o n ,  0 . 0 0 5  M ;  b u f f e r  c o n c e n t r a t i o n ,  o .o  4 M .  G l u C o s o n e  w a s  
a d j u s t e d  t o  t h e  i n d i c a t e d  p H  w i t h  N a O H  b e f o r e  a d d i t i o n  t o  t h e  m e d i u m .  T h e  u n a d j u s t e d  g l u c o s o n e  
s o l u t i o n  h a d  a p H  of  3 .5 .  

57% when buffered with KH2PO 4. Under similar conditions with glucose as the 
substrate, glucosone produced very little or no inhibition. 

To determine whether the degree of inhibition was a function of the yeast  con- 
centration, the amount  of yeast was varied and the amount  of glucosone and sugar 
was held constant as required in the ACKERMAN AND POTTER 2 test for type of inhibi- 
tion. When the reaction rates in the presence or absence of glucosone with either 
glucose or fructose as the substrate were plotted against yeast concentration (Fig. I), 
the lines obtained passed through the origin. This indicates that  glucosone did not 
combine irreversibly with any of the yeast enzymes and that  the inhibition produced 
by  glucosone was of the competitive type. This result substantiates the suggestion 
by  MITCHELL AND BAYNE 1 that  the inhibition by  glucosone is competitive. 

,4o I 
0 I 0 0  
~J 

~ 80 

~ 6 0  
o 
o 

4O 

.20 

GLUCOSE 

AB o 

I 2 3 4 

FRUCTOSE 
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mg.Yeost 
F i g .  I .  E f f e c t  o f  a m o u n t  o f  y e a s t  o n  D - g l u c o s o n e  i n h i b i t i o n  o f  a n a e r o b i c  f e r m e n t a t i o n  of  g l u c o s e  
a n d  o f  f r u c t o s e .  C u r v e s :  A ,  g l u c o s e  o .o I  M ;  B,  g l u c o s e  o . o i  M a n d  g l u c o s o n e  o.o~ M ;  C, f r u c t o s e  

o . o i  M ;  D,  f r u c t o s e  o . o i  M a n d  g l u c o s o n e  0 . 0 0 5  M .  

The glucosone:glucose ratio necessary to inhibit anaerobic yeast fermentation 
had been reported by  BECKER 3 and by  MITCHELL AND BAYNE 1 to be greater than 2 :I. 
Our present findings when the fermentation system is unbuffered and the glucosone 
solution adjusted to no higher than pH 4.5 are in agreement with their results. 
However, in our experiments, less glucosone was required for inhibition when adjusted 
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to a higher pH or when buffer of pH 4.5 to 6.5 was added to the fermentation system. 
Our previous finding s that a I :I ratio of glucosone to glucose in an unbuffered system 
produced 56% inhibition may have been obtained because of the particular yeast 
sample used, or because of the glucosone sample which was obtained in syrup form 
and probably was not as pure as the sample used in this study. 

Effect on respiration and aerobic/ermentation of yeast 

Glucosone, when adjusted to pH 4.5 and added in a glucosone: glucose ratio as 
high as 5:1, had little if any effect on the respiration of several yeast samples when 
the respiration was measured with 0.005 M glucose, 0.04 M KH2PO 4 and 4 mg yeast 
present in the reaction mixture. Aerobic fermentation, measured under the same 
conditions, was inhibited when the glucosone : glucose ratio was as low as 2 : I. The 
degree of inhibition of aerobic fermentation was about the same as that of anaerobic 
fermentation, which is shown in Table I, when the glucosone:glucose ratio was 3: I 
or 2:1 in the presence of KH2P04 buffer. However, the degree of inhibition varied 
somewhat with different yeast samples as had also been found to be the case in 
anaerobic fermentation. 

The failure of glucosone to inhibit respiration is in agreement with the finding 
of BECKER a. The inhibition of respiration observed in our first studies 2 with glucosone 
may have been due to impurities in the original glucosone sample or to the particular 
yeast sample used. 

Effect on yeast hexokinase activity 

Glucosone has been found to inhibit the phosphorylation of glucose and of 
fructose by yeast hexokinase as is shown in Table II.  The degree of inhibition appears 
to depend upon the molar ratio of glucosone to substrate. As this ratio was increased, 

T A B L E  I I  

D - G L U C O S O N E  I N H I B I T I O N  OF P H O S P H O R Y L A T I O N  OF GLUCOSE AND OF F R U C T O S E  

BY Y E A S T  H E X O K I N A S E  

Glucosone Glucosone Substrate Inhibition o] 
Substrate concentration concentration phosphorylation 

(molar ratio) M M % 

Glucose as subs trate  

o . o 5 : r  0 .0o025 0.005 7 
O . lO : I  0.0005 0.005 34 
O . 2 0 : I  O.OO1 O.OO 5 42  

O . 2 5 : I  O . 0 0 O 2 5  O.OOI 4 3  

o . 5 o : i  0 .0005 o .oo i  54 

F r u c t o s e  as  subs tra le  

O . O 5 : I  O.OOOI 0 . 0 0 2  4 5  

O.OOO25 0 . 0 0 5  42  

o. l o : i  0 .0005 0.005 68 
o .ooo i  o .oo l  52 

o . 2 5 : I  o .ooo 5 0.002 55 
0 .00025 o .oo i  55 

o .5o :1  0 .0005 o .oo I  62 

* 0.2 m g  of h e x o k i n a s e  u sed  p e r  f lask.  
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regardless of the absolute concentration of inhibitor and substrate, the inhibition 
tended to increase. 

Glucosone had a greater inhibitory effect in the hexokinase reaction when 
fructose was the substrate than when glucose was the substrate, as had been found 
in the case of yeast fermentation. This increase in inhibition was more pronounced 
with lower proportions of inhibitor to substrate than with the higher proportions. 
At a molar ratio of glucosone to sugar of o.o5:1, the glucose phosphorylation by 
hexokinase was only slightly inhibited by glucosone, whereas the fructose phosphory- 
lation was inhibited about 42%. At a molar ratio of o.5:1, glucose phosphorylation 
was inhibited 54% and fructose phosphorylation 62%. 

Indication that the inhibition was competitive in nature was obtained (Fig. 2) 
by the ACKERMAN AND POTTER 7 test. The competitive nature of the glucosone in- 
hibition was further substantiated by results obtained with the LINEWEAVER AND 
BURK s test, which are shown in Fig. 3- The Michaelis enzyme-substrate dissociation 
constant, Ks, and the enzyme-inhibitor dissociation constant, K,, were calculated 
from the data in Fig. 3. The Ks for fructose was found to be I.O. IO -3 31 and the 

c: 120 

"E: I 00  
0 

6 0  

o ~ 
4 0  

GLUCOSE A FRUCTOSE e ~  

• B 

0.2 0.4 0.6 0.2 0.4 0.6 
mg. Hexokinose 

Fig. 2. Effect of a m o u n t  of yeast  hexokinase on D-glucosone inhibit ion of phosphoryla t ion  of 
glucose and of fructose. Curves:  A, glucose 0.005 iV/; B, glucose 0.005 3 I  and glucosone o.ooo 5 3[;  

C, fructose 0.005 l~/, D, fructose 0.005 M and glucosone o.ooo 5 ,lI. 

2 0  

°o 15 
>( 
> 
~ 1 0  

GLUCOSE 

B 

I I / I I 
4 8 12 16 2 0  

FRUCTOSE 

0 o 

/ 

D 

I I I I I 
2 4 G 8 10 

I /S X ~0 - z  

Fig. 3- Effect of increasing subs t ra te  concentra t ion on D-glucosone inhibition of phosphoryla t iou  
of glucose and of fructose by  yeas t  hexokinase. The data  were plotted according to the method 
of LINEWEAVER AND BURK. Curves: A, glucose (o.oo05 3I  to o.005 M); B, glucose plus glucosone 
o.ooo25 M;  C, fructose (o.ooI 3 I  to 0.005 3t) ;  D, fructose plus glucosone o.ooor 3l ;  E, fructose 

plus glucosone 0.00025 31 ; F, fructose plus glucosone 0.0005 M. 
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K s  for glucose 2.0. lO -4 M. These constants are in fair agreement with those reported 
by other investigators 9 for fructose and glucose. The K, for glucosone, averaged from 
the data in the three experiments with fructose as the substrate, was calculated to 
be 5.93-1o -5 M. The K, for glucosone calculated from the experiment in which 
glucose was the substrate was 6.25-IO -5 M, which is almost identical with the K~ 
calculated when fructose was the substrate. 

Glucosone was found by SOLS AND CRANE 10 to be very slowly phosphorylated 
by brain hexokinase, and they reported a dissociation constant of I.O. IO -~ M for 
glucosone with brain hexokinase; however, phosphorylation of glucosone was not 
obtained by EEG-LARSEN AND LALAND 11 with their preparation of brain hexokinase. 
The phosphorylation of glucosone by a partially purified yeast hexokinase was 
reported by JOHNSTONE AND MITCHELL 12. The phosphorylation of glucosone in the 
present experiments when 0.2 mg hexokinase was used has been found to be negligible, 
but when an amount of hexokinase io or IOO times greater was used (personally 
suggested by Dr. SOLS), there was a measurable amount of phosphorylation of glucosone. 

Effect  on glycolysis  o / t i s s u e  slices 

Glucosone is shown by the data in Table I I I  to be a very effective inhibitor of 
anaerobic glycolysis in tissue slices. With tumor-tissue slices, glucosone in a molar 
ratio of o.o67:1 with glucose gave 62% inhibition of glycolysis. With the Krebs 
ascites tumor cells, YUSHOI< had found that glucosone in the same ratio with glucose 
produced 75% inhibiti°n~a and in a ratio of o.o43:I with glucose produced 50% 
inhibition 1~. The effectiveness of glucosone against tumor tissue slices is therefore 
about the same as against ascites tumor cells. 

T A  BIA: ,  I i I  

D - G L U C O S O N E  I N H I B I T I O N  O F  G L Y C O L Y S I S  O F  R A T  T I S S U E  S L I C E S  

Glycolysis rate 

Inhibition 
Ghwosone Glucosone Glucose ].. Glucose No o[ 

co~w~n~ration Glucose glucosonc added alone added addition glycol.vsis \ .  
oN2 

M. 
.~t (,,,ol ...... .o) ~,~i:(;. OL:i), • CO~ . % 

W a l k e r  2 5 6  t u m o r  

o . o o o o 5  o . o o 3 3  : 1 4 3 . 8  4 2 . 0  3 .6  o 
0 . 0 0 0 2 5  O , O 1 7  : I 2 8 . 8  3 9 . 2  4 . 8  2 6  

o . o o o  5 o . o 3 3  : I 2 3 . 8  37  .0 3 .9  36  
o . o o l  0 . 0 6 7  : 1 14 .o  37  .0 3 .9  62 

Brain 

o . o o o o i  0 . 0 0 0 6 7  : I 1 5 . 6  1 5 . o  4 . 2  o 

0 . 0 0 0 0 5  0 . 0 0 3 3  : I 9 . 0  I 6 . 8  4 . 6  64  
o . o o o  I 0 . 0 0 6 7  : I 3 .9  12 .o  4"4 IOO 

0 x°- - -  /~l C O . / m g  d r v  w e i g h t  o f  t i s s u e / h .  G l u c o s e  c o n c e n t r a t i o n  = o . o I  5 ~ I .  ~C()o  - -  

With brain tissue, studied as an example of a normal tissue with a high anaerobic 
rate of glucose utilization, glucosone in a ratio of o.oo33 :I gave 64% inhibition. The 
glycolysis ot brain tissue slices was therefore about 2o times more sensitive to glucosone 
than was that of tumor tissue slices. 

]~e/erences p. 133. 
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I t  i s  d i f f i c u l t  t o  c o m p a r e  t h e  e f f e c t i v e n e s s  o f  g l u c o s o n e  o n  t i s s u e  g l y c o l y s i s  a n d  

o n  y e a s t  f e r m e n t a t i o n  s i n c e  n e c e s s a r i l y  g l y c o l y s i s  a n d  f e r m e n t a t i o n  a r e  c a r r i e d  o u t  

u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  p H  a n d  s i n c e ,  a s  s h o w n  a b o v e ,  t h e  p o t e n c y  o f  g l u c o s o n e  

i n  y e a s t  f e r m e n t a t i o n  is  s o m e w h a t  p H - d e p e n d e n t .  U n d e r  t h e  c o n d i t i o n s  o f  t h e s e  

e x p e r i m e n t s ,  t i s s u e  g l y c o l y s i s  a p p e a r s  t o  b e  m u c h  m o r e  s u s c e p t i b l e  t o  g l u c o s o n e  

i n h i b i t i o n  t h a n  is  y e a s t  f e r m e n t a t i o n .  
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S U M M A R Y  

D-Glucosone inh ib i t ion  of anaerob ic  y e a s t  f e r m e n t a t i o n  ha s  been found  to v a r y  in degree with 
di f ferent  y e a s t  s amp l e s  a n d  to be s o m e w h a t  d e p e n d e n t  on t he  ac id i ty  of t he  m e d i u m .  Glucosone 
did  no t  affect  t he  resp i ra t ion  of y e a s t  b u t  affected aerobic f e r m e n t a t i o n  to a b o u t  t he  s ame  e x t e n t  
as it  did anaerobic  f e rmen t a t i on .  T he  f e r m e n t a t i o n  of f ruc tose  was  inhib i ted  by  lower concen t ra -  
t ions  of g lucosone t h a n  was  t h e  f e r m e n t a t i o n  of glucose.  

Glucosone  was  found  to inh ib i t  p h o s p h o r y l a t i o n  by  yea s t  hexok ina se  more  t h a n  f e r m e n t a t i o n  
by  whole  y e a s t  w i th  e i ther  glucose or f ruc tose  as subs t r a t e .  The  p h o s p h o r y l a t i o n  of f ruc tose  
was  inhib i ted  to a g rea t e r  e x t e n t  t h a n  was  t he  p h o s p h o r y l a t i o n  of glucose.  The  inhib i t ion  was  
found  to be compe t i t i ve  in n a t u r e  a n d  t he  e n z y m e  inhib i tor  d issocia t ion c o n s t a n t  was  ca lcula ted  
to  be of t he  order  of 6.0- io  s M wi th  e i ther  glucose or f ruc tose  as subs t r a t e .  

Glucosone  ha s  also been found  to be inh ib i to ry  to t h e  glycolysis  of  t u m o r -  and  bra in- t i s sue  
slices. Much  lower concen t r a t i ons  of g lucosone were requi red  for inh ib i t ion  of t i s sue  glycolysis  
t h a n  for inh ib i t ion  of y e a s t  f e rmen ta t i on .  Bra in  t i s sue  was  more  sens i t ive  to  glucosone t h a n  was  
t u m o r  t i ssue .  
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