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SUMMARY 

The presence of disaccharidase-associated transport different from the Na +- 
dependent monosaccharide transport system in the hamster small intestine is con- 
firmed. The transport of glucose from sucrose is substantially independent of Na +. 
In the absence of Na +, glucose released from sucrose does not mix with a pool ot 
added free glucose but is directly transferred. Maltose, isomaltose and trehalose acf 
similarly to sucrose. 

Both moieties released from sucrose, glucose and fructose, are transferred. 
The extent of uptake is not related to total sucrase activity. 

The possibility is considered that the brush border disaccharidases may sub- 
serve a translocating "carrier" function for a part of the products of their enzymic 
action. 

INTRODUCTION 

In a previous paper [1 ] we reported evidence for the existence of a component 
of intestinal transport of glucose from a disaccharide substrate which could not be 
accounted for by the known monosaccharide transport systems [2, 3]. In the present 
paper, we report further studies of this disaccharidase-related transport with partic- 
ular emphasis on (1) its occurrence independently of the presence of Na + and (2) 
the transfer of glucose from the disaccharide substrate into the cell without its being 
mixed with a pool of free glucose added to the bathing medium. 
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** Present address: Department of Gastroenterology and Metabolism, Medizinische Universit~its 

Klinik, 34 Goettingen, West Germany. 
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71st Annual Meeting of the American Gastroenterological Association, May 1970; 4th World Con- 
gress of Gastroenterology, Copenhagen, July 1970. 
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M A T E R I A L S  A N D  M E T H O D S  

The compounds used in this study were obtained from the following commer- 
cial sources: [14C]sucrose ([UJ4C]glucose) from New England Nuclear Corp.; 
D-xylose, L-xylose and L-fucose from Pfanstiehl Labs Inc. and all the other compounds 
from the same sources previously indicated [1 ]. The analytical and incubation meth- 
ods used here have been extensively described earlier [1 ]. However, it is worthwhile 
briefly reemphasizing that two kinds of intestinal preparations were used for studies 
of uptake; namely, rings of everted intestine and everted sacs tied to polyethylene 
tubing. The important difference between the two is that the latter restricts access 
of the substrates to the brush border pole of the absorbing cells. Incubations were 
generally carried out with large medium to tissue ratios (50 ml to 0.3 g) at high shak- 
ing rates (200 cycles/rain) and for short (2 min) time periods in order to minimize 
the build-up of high concentrations of glucose locally at the tissue surface and in the 
medium. 

For the preparation of Na+-free Krebs-Ringer phosphate buffer, choline 
chloride was used for the replacement of NaC! in the modified Krebs-phosphate 
buffer [4] and potassium phosphates for sodium phosphates. 

RESULTS 

Independence o f  Na + 
As is well known [2, 5], Na + is required for the intestinal transport of free 

glucose and our previously reported studies identifying a disaccharidase-related 
transport system [1] were carried out with. Na ÷ in the medium. More recently, 
however, sucrose was tested as a substrate for intestinal preparations in Na+-free 
buffers with the kind of result shown in Fig. 1. As seen in this figure, replacement of 
Na + resulted in a reduction in the tissue accumulation of glucose derived from su- 
crose which is relatively modest in sharp contrast to th.e nearly total cessation of 
accumulation from free glucose. It appears that the transport of glucose from su- 
crose is to a very substantial degree independent of Na +. 
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Fig. 1. U p t a k e  of  glucose from sucrose in the presence or absence of  Na  +. Incuba t ion  was in 50 ml 
of  Na  + or choline + buffer for 2 rain. 
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The direct nature of  olueose transfer 
Parsons and Prichard [6] have studied the relationship of hydrolysis of disac- 

charides to the transport of the resulting glucose with an in vitro perfused prepara- 
tion from amphibian small intestine. They have concluded that the processes of 
disaccharide hydrolysis and transfer of the released hexose units are sequential and 
independent processes and that the hexose product of hydrolysis and free hexose 
added to the medium contribute to a common pool of hexose and compete for a 
common step in the overall process. Our studies stand in contrast. 

Hamster intestinal preparations were incubated with [14C]glucose_labelled 
sucrose in the absence of Na ÷. Under these conditions (Table I), addition of 30 mM 
glucose to the medium had no effect on the specific activity of the tissue [14C]glucose 

T A B L E  I 

E F F E C T  O F  V A R I O U S  A D D I T I O N S  O N  T H E  S P E C I F I C  A C T I V I T Y  O F  T I S S U E  G L U C O S E  
D E R I V E D  F R O M  [ t 4 C ] S U C R O S E  

Everted segments  prepared on  polyethylene tub ing  II ] to prevent  subst ra te  access to the serosal sur- 
face were incubated  for 2 min  at 37 °C in 10 ml  o f  choline + buffer. 

C oncn  Tissue glucose Specific activity 
C o m p o u n d s  added ( m M )  (mM )  cpm/#mole  

[t 4C]Sucrose 50 6.0 3520 
[14C]Sucrose 5 0 +  

+ glucose 30 6.3 3660 
[14 C]Sucrose  5 0 +  

+ fructose 30 7.4 2610 
[~ 4C ]Sucrose 50 + 

+ m a l t o s e  30 9.0 2200 
Mal tose  30 2.9 --  
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Fig. 2. Up take  o f  glucose f rom sucrose in sodium-free  m e d i u m  as a func t ion  o f  concentrat ion.  
Incuba t ion  was in 50 ml  o f  choline + buffer for 4 min .  
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derived from the labelled sucrose. Addition of fructose which enters the tissue and 
is then converted to glucose or of maltose which contributes disaccharidase-related 
glucose transport similar to but independent of sucrose (see below) reduced the specif- 
ic activity of the tissue [14C] glucose. This same kind of result with labelled sucrose 
has been obtained with rings of intestine prepared without the polyethylene tubing. 
However, the use of sacs was deemed to give clearer results since in these preparations 
the serosal side was rendered inaccessible to the substrate. With the use of sacs, entry 
through the serosal side and hydrolysis by an internal disaccharidase, as claimed by 
Sacktor and Wu [7] could not contribute to the observed values of glucose accumula- 
tion. 

In the absence of Na ÷, tissue accumulation of glucose from sucrose exhibited 
saturation kinetics (Fig. 2). The initial rate was sustained for no more than 4 min 
(Fig. 3). 
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Fig. 3. Uptake of  glucose f rom sucrose in sodium-free medium as a function of  time. Incubation 
was in 50 ml of  choline + buffer with 30 mM sucrose. 

TABLE II 

UPTAKE OF G L U C O S E  F R O M  D I S A C C H A R I D E S  IN T H E  PRESENCE OR ABSENCE OF 
Na + 

All the substrates were used at 30 mM except trehalose, which was used at 50 mM. Corrections for 
extracellular glucose were made with phlorizin, where Na + buffer was used. In the experiments with 
disaccharides in choline + buffer, only corrections for endogenous glucose were made. 

Tissue glucose (mM) 

Substrate Na + buffer Choline + buffer 

Glucose 20.5 0.83 
Sucrose 16.9± 1.7 8 .4± 1.6 
Maltose 23.3±3.5 8 .5±  1.1 
Isomaltose 21.4 ~ 2.1 8.2 ± 2.9 
Trehalose 7.6 ± 1.2 6.9 ±0.1 
Sum from disaccharides 69.5±6.8 31.4±6.0 
Sucrose + maltose +isomal tose  ÷ 

trehalose 47.7±4.8 35.2±8.2 
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Uptake from disaccharide mixtures 
Tests with o ther  d isacchar ides  for  which hydrolases  are  k n o w n  to be associa ted  

with the brush  bo rde r  m e m b r a n e  [8] were made  to  find out  (1) whether  the intest inal  
p r epa ra t i ons  exhibi ted  N a + - i n d e p e n d e n t  compone n t s  o f  up take  for  all o f  them and 
(2) whether  there  are  any in terac t ions  between the d isacchar ides  for  up take ,  in the 
presence or  absence o f  N a  +. 

I t  can be seen f rom Table  I I  tha t  with sucrose,  mal tose  and i somal tose  a 
significant a m o u n t  of  glucose up take  occurred  in the absence o f  N a  + and  tha t  with 
t reha lose  glucose up take  was a lmos t  comple te ly  independen t  of  N a  +. The effect o f  
the omiss ion  o f  N a  + on up take  o f  glucose f rom free monosaccha r ide  is inc luded for  
compa r i son  and up take  is a lmos t  comple te ly  abo l i shed  as expected.  

When  all the d isacchar ides  were used toge ther  as substrates ,  ind iv idua l  con-  
t r ibu t ions  to to ta l  tissue glucose were addi t ive  in the absence o f  N a  + bu t  they were 
no t  addi t ive  in the presence o f  N a  +. This difference suggested tha t  the presence o f  
N a  + in t roduces  some k ind  o f  inh ib i to ry  in teract ion.  The na ture  o f  this inh ib i to ry  
in te rac t ion  in the presence o f  N a  + is not  known  bu t  it  was demons t r a t ed  by use of  
[14C]glucose-label led sucrose as in Table  III .  Mal tose  inhibi ted  glucose up take  f rom 
sucrose by a b o u t  80 ~ wi thou t  up take  f rom itself  being inhibi ted.  I somal tose  inhib i ted  
glucose up take  f rom sucrose and  was in turn  inhib i ted  to a b o u t  the same extent.  
Treha lose  was no t  inh ib i to ry  no r  was it inhibi ted.  

TABLE llI  

GLUCOSE UPTAKE FROM DISACCHARIDE MIXTURES IN Na + MEDIUM 

Period of incubation is 2 min. All the disaccharides were used at 30 raM, except trehalose, which was 
at 50 mM. Values in brackets represent per cent inhibition of glucose uptake from the individual 
disaccharides when added in mixture with other disaccharides. 

Total tissue [14C]Glucose Glucose from other 
Substrate glucose (mM) from sucrose disaccharide 

Sucrose ([U-14C]glucose) 16.7 17.1 -- 
Maltose 27.9 -- 27.9 
Maltose + 

sucrose ([U-~4C]g!ucose) 31.3 ~ 3.4 (79 ~ )  27.8 (0 ~ )  
Isomaltose 21.2 -- 21.2 
Isomaltose + 

sucrose ([U-t4C]glucose) 25.3 10.02 (38 ~)  15.3 (28 ~)  
Trehalose 10.4 -- 10.4 
Trehalose+ 

sucrose ([U-14C]glucose) 28.0 17.6 (0 ~)  10.0 (4 ~)  

Studies with substrates of Na+-dependent 91ueose transport and inhibitors of sucrase 
I t  has been repor ted  ear l ier  [I ] tha t  f l -methylglucoside and  o-ga lac tose  which 

are  subs t ra tes  o f  the N a + - d e p e n d e n t  monosaccha r ide  t r anspo r t  system inhib i t  non-  
compet i t ive ly  the up take  o f  glucose f rom sucrose.  These studies,  however ,  were car-  
r ied out  in the presence o f  N a  +. In  the absence o f  N a  + these c o m p o u n d s  are  inert .  
Table  IV cont ras ts  the two condi t ions .  In  the presence o f  N a  + glucose up take  bu t  
no t  sucrose hydrolys is  was inhibi ted.  In  the absence o f  N a  +, nei ther  hydrolys is  no r  
up t ake  was affected. 
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TABLE IV 

E F F E C T  OF M O N O S A C C H A R I D E S  A N D  G L U C O S I D E S  ON SUCROSE H Y D R O L Y S I S  
A N D  T R A N S P O R T  OF G L U C O S E  F R O M  SUCROSE 

All additions were made at concentrations of  30 raM. Period of  incubation is 2 min. 

Na + buffer Choline + buffer 
inhibition ~ inhibition 

Additions to Sucrose Sucrose 
30 m M  sucrose hydrolysis Glc uptake hydrolysis Glc uptake 

fl-Methylglucoside 0 86 0 0 
D-Galactose 0 61 0 0 
D-Xylose 82 67 51 47 
L-Xylose 43 19 38 14 
L-Fucose 48 29 59 24 

D-Xylose, L-xylose and L-fucose inhibit sucrase activity in homogenates of 
intestinal mucosa. Hence, these compounds were tested for their effect on glucose 
uptake from sucrose in the presence and absence of Na + as shown in Table IV. 
All three inhibited hydrolysis and uptake under both conditions. Inhibition of hy- 
drolysis was to be expected and was found. Inhibition of uptake was also expected 
as it could be assumed to be related to the effect of the compounds on hydrolysis. 
However, the differing extents of  inhibition of the two processes in two of the three 
cases would suggest that the situation is more complex. The inhibition of glucose 
uptake from sucrose is not related to an effect on the monosaccharide transport sys- 
tem in as much as we could expect these compounds, like fl-methylglucoside and 
galactose, to be not inhibitory in the absence of Na +. 

Effect o f  Tris + 
Tris + is well known to be a potent competitive inhibitor of disaccharidases 

[9-13]. Hence, studies were done to ascertain the effect of Tris + on glucose uptake 
from sucrose or trehalose compared to Na + or choline + and the results are presented 
in Table V. The presence of Tris + compared to choline + gave about 5 0 ~  further 
reduction in glucose uptake from sucrose, while it had a much smaller effect on glu- 
cose uptake from trehalose. These relative effects are consistent with the relatively 

TABLE V 

E F F E C T  OF IONS O N  G L U C O S E  T R A N S F E R  F R O M  D I S A C C H A R I D E S  

The substrates were used at 50 mM. Period of  incubation is 2 min. Tris chloride was used to substi- 
tute for NaCI in Krebs-phosphate  buffer. 

Tissue glucose (mM) 

Substrates Na + Choline + Tris + 

Sucrose 21.5±1.7 13.4±1.8 7.4±0.8 
Trehalose 6.7-k0.8 5.9±0.5 5 . 2 i 0 . 7  
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greater effect of Tris + on sucrase activity in homogenates (see Table VI). However, 
the reduction in glucose uptake by intact tissue in changing from Na + to Tris + 
(Table V) is very much smaller than the reduction in hydrolysis by homogenates 
caused by the same change (Table VI). Clearly, intact tissue retains hydrolytic capac- 
ity in the presence of Tris +. 

TABLE VI 

EFFECT OF TRIS + ON BRUSH BORDER SUCRASE AND TREHALASE ACTIVITIES IN 
BUFFERS USED FOR UPTAKE STUDIES 

Sucrase and Trehalase were assayed by the method of Dahlqvist [22], using Krebs-Ringer-Na + 
buffer, pH 7.0, and Tris + buffer, pH 7.0, in the place of sodium maleate buffer, pH 6.5. 

/~moles Glucose formed 
/min per mg protein 

Sucrose-Krebs-Ringer-N a + buffer 1.36 
Sucrose-Krebs-Ringer-Tris + buffer 0.03 
Trehalose-Krebs-Ringer-Na + buffer 0.228 
Trehalose-Krebs-Ringer-Tris ÷ buffer 0.05 

Percent inhibition 

98 

78 

Parsons and Prichard [6] have reported from their studies with amphibian 
small intestine that in the presence of Tris + and with maltose as the substrate, the 
rate of glucose translocation into the vascular effluent was affected to a lesser extent 
than maltose hydrolysis and suggested that in the presence of Tris + there was an 
apparent increase in efficiency with which the intestinal epithelial cells were able to 
capture the glucose liberated. Also it has been earlier shown by Bosackova and 
Crane [14] that Tris + does not penetrate hamster mucosa to more than the extra- 
cellular space, as measured by mannitol. Hence, the results here may be taken to 
indicate that some part of the enzyme activity is shielded and not available to be 
inhibited by Tris ÷. If  this be so, the shielded enzyme can be assumed to be at the 
mucosal surface in as much as sacs were used for these experiments. 

Relative concentrations of tissue 91ucose and fructose derived from sucrose 
Tissue glucose and fructose were determined after incubating intestinal seg- 

ments with. sucrose in choline + buffer for 2 and 5 min with the view to seeing whether 
or not both moieties were transferred. The results are presented in Table VII and 
show that both glucose and fructose were transferred. If  the medium concentrations 
of glucose and fructose are taken for comparison, both glucose and fructose gave 
tissue to medium ratios very much higher than unity in confirmation of the early 
work of Miller and Crane [15]. Glucose accumulation was higher than fructose at 
both time intervals. However, in the presence of dinitrophenol, the values were 
more nearly equal. We assume that dinitrophenol serves in this instance to reduce 
the ATP-dependent conversion of fructose to glucose. 

Relation of glucose uptake from sucrose to total sucraxe activity 
It is known that sucrase activity increases with age of the animals [16]. Hence, 

studies with hamsters of various ages were conducted to find out whether the extent 
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TABLE VII 

RELATIVE CONCENTRATIONS OF GLUCOSE AND FRUCTOSE IN TISSUE AND ME- 
DIUM AND EFFECT OF 2,4-DINITROPHENOL 

2,4-dinitrophenol was used at a concentration of 0.5 mM and sucrose was at 50 raM. Total reducing 
sugar was assayed by the method of Somogyi [23] and fructose values were calculated as the difference 
between total reducing sugar and glucose values as measured by the Lloyd and Whelan's modifica- 
tion [24] of the method of Dahlqvist [22]. 

Period of incubation Tissue Medium 
(min) . . . . . . . . .  

Glucose Fructose Glucose 
(mM) (mM) (raM) 

Sucrose 2 9.9 3.0 0.64 
Sucrose + 

2,4-dinitrophenol 2 6.6 5.1 0.51 
Sucrose 5 20.3 8.2 1.26 
Sucrose+ 

2,4-dinitrophenol 5 11.9 9.7 1.52 

Fructose 
(raM) 

0.59 

0.53 
0.9 

1.24 

of  t ransfer  o f  glucose f rom sucrose was re la ted  to to ta l  sucrase activity.  Hamste r s  
o f  age in weeks, 2, 3-4,  6 and  9-10, were used for  this s tudy and it was found  that  
the  to ta l  sucrase activity,  expressed as glucose re leased f rom sucrose increased near ly  
10-fold f rom 15 to 136/amoles/g wet wt o f  the tissue. However ,  glucose up take  f rom 
sucrose increased  only  f rom 2.9--4.4 tLmoles t ransfer red/g  wet wt. 

Studies with trehalose 
Trehalase ,  in con t ras t  to the o ther  d isacchar idases  s tudied,  is insensitive to 

N a  ÷ [16]. Consequent ly ,  studies with t reha lose  should  indicate ,  by differences in 
result ,  whether  the in te rac t ion  o f  N a  + with the o ther  hydro lases  is o f  impor t ance  in 
affecting glucose up take  f rom their  respective substrates .  

f l -Methylglucoside,  o-xylose  and  L-fucose were tested to find out  their  effects 
on glucose up take  f rom t rehalose  and  t rehalose  hydrolysis ,  in the presence or  absence 
o f  N a  ÷. o-xylose  and  L-fucose, which inhibi t  sucrose hydrolysis ,  d id  not  at  all inhibi t  
t rehalose  hydrolysis ,  with or  wi thout  N a  +, as might  be expected f rom the lack  of  
t ransglucos idase  act ivi ty  for  t rehalase  [16]. Also,  in the absence of  N a  ÷, these com- 
pounds  and  f l -methylglucoside were wi thou t  any  significant effect on glucose up take  
f rom trehalose.  In the presence of  N a  ÷, D-xylose and L-fucose had  no significant 
inh ib i to ry  effects. Surpris ingly,  in the presence of  N a  +, f l -methylglucoside at  30 m M  
abol i shed  glucose uptake .  In  as much  as we have seen[ l ]  t ransfer  o f  glucose f rom 
t rehalose  addi t ive  to up take  f rom free glucose the s imple conclus ion tha t  the direct  
t ransfer  o f  glucose f rom t rehalose  is res t r ic ted to the Na+- f r ee  condi t ions  would  not  
seem to be al lowed.  However ,  an a l ternat ive  exp lana t ion  is not  in hand.  

DISCUSSION 

The results  presented above  conf i rm the presence o f  d i sacchar idase-assoc ia ted  
t ranspor t .  Moreover ,  it  has now been found  tha t  glucose re leased f rom sucrose is not  
d i lu ted  by a d d e d  free glucose but  is direct ly  t ransferred.  Also  N a  + is no t  required.  
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To the extent studied, all brush border disaccharidases exhibit the same phe- 
nomenon and, in the absence of Na +, independently of one another. Curiously, how- 
ever, in the presence of Na +, the various transports are not independent. Maltose 
and isomaltose inhibit glucose transfer from sucrose when Na ÷ is present. This phe- 
nomenon may be related to the maltolytic activity of sucrase and isomaltase. How- 
ever, if it is so related, the maltolytic activity should itself be dependent upon Na + in 
a more absolute way than either sucrase or isomaltase. To our knowledge, no test of 
this proposition has been made. 

The results so far obtained and presented in this and the preceding paper [1 ] 
limit the choice of possibilities for an explanation of the phenomenon of disacchari- 
dase-related transport. It seems to us that there are two in number. On the one hand, 
it could be postulated that the brush border possesses specific carriers for disaccharide 
transport through the mediation of which intact disaccharide might enter the 
tissue to be split intracellularly. On the other hand, it could be reasoned that the 
brush border enzymes, in whole or in part, might themselves subserve the transloca- 
tion function. We do not favor the first possibility. It is generally believed, on good 
evidence, that the overwhelming proportion of the sucrase, maltase, isomaltase and 
trehalase activities of the cell are contained in the membrane [8, 17], although the 
complete absence of these enzymes in the body of the cell has not been proved by the 
applicable histochemical techniques [18-20]. Sacktor and Wu [7] have concluded 
that substantial disaccharidase is elsewhere than at the brush border but the activity 
they find is not more than 1-2 ~ of the brush border capacity for hydrolysis and 
interpretations other than theirs are in order. On balance, we favor the second pos- 
sibility, i.e. some hydrolase molecules are organized in the membrane in such a way 
that they can accept substrate on one side of the membrane and deliver a part of the 
products on the other. This interpretation would be in keeping with the studies from 
Semenza's laboratory [21] in which the reconstitution of the sucrase-mediated glu- 
cose-fructose transport system in lipid membranes is reported. Purified sucrase- 
isomaltase complex has been incorporated into black lipid membranes prepared with 
lipids from various sources. Membranes prepared without sucrase-isomaltase com- 
plex were essentially impermeable to sucrose, glucose, fructose and mannitol while 
those containing the complex had a larger permeability for glucose and fructose 
derived from sucrose than for free glucose and fructose. The phenomenon was in- 
dependent of Na +. These findings, together with the studies presented above, allow 
of the possibility that our results can be interpreted to indicate a natural phenome- 
non which is a consequence of the association of disaccharidases with the brush 
border membrane. 

ACKNOWLEDGEMENTS 

This work was supported by grants from the National Science Foundation 
(Grant No. GB 14464) and the National Institutes of Health (Grant No. AM 10696). 

REFERENCES 

1 Malathi, P., Ramaswamy, K., Caspary, W. F. and Crane, R. K. (1973) Biochim. Biophys. Acta 
307, 613-626 



48 

2 Crane, R. K. (1968) in Handbook of Physiology, Sect. 6, Alimentary Canal, (Code, C. F., ed.), 
Vol. 3, pp. 1323-1351, Physiol. Soc., Washington 

3 Honegger, P. and Semenza, G. (1973) Biochim. Biophys. Acta 318, 390-410 
4 Schafer, J. A. and Jacquez, J. A. (1967) Biochim. Biophys. Acta 135, 741-750 
5 Schultz, S. G. and Curran, P. F. (1970) Physiol. Rev. 50, 637-718 
6 Parsons, D. S. and Prichard, J. S. (1971) J. Physiol. 212, 299-319 
7 Sacktor, B. and Wu, N. C. (1971) Arch. Biochem. Biophys. 144, 423-427 
8 Crane, R. K. (1968) in Handbook of Physiology, Sect. 6, Alimentary Canal, (Code, C. F., ed.), 

Vol. 5, pp. 2535-2542, Physiol. Soc., Washington 
9 Sols, A. and De La Fuente, G. (1961) in Methods in Medical Research, (Quastel, J., ed.), Vol. 9, 

pp. 302-309, Year Book, Chicago 
10 Lamer, J. and Gillespie, R. E. (1956) J. Biol. Chem. 223, 709-726 
11 Wallenfels, K. and Fischer, J. (1960) Z. Physiol. Chem. 321,223-245 
12 Dahlqvist, A. (1961) Biochem. J. 80, 547-551 
13 Kolinska, J. and Semenza, G. (1967) Biochim. Biophys. Acta 146, 181-195 
14 Bosackova, J. and Crane, R. K. (1965) Biochim. Biophys. Acta 102, 423-435 
15 Miller, D. and Crane, R. K. (1961) Biochim. Biophys. Acta 52, 281-293 
16 Semenza, G. (1968) in Handbook of Physiology, Sect. 6, Alimentary Canal, (Code, C. F., ed.), 

Vol. 5, pp. 2543-2566, Physiol. Soc., Washington 
17 Eichholz, A. (1969) Federation Proc. 28, 30-34 
18 Lojda, Z. (1965) Histochemie 5, 339-360 
19 Jos, J., Frezal, J., Rey, J. and Lamy, M. (1967) Nature 213, 516-518 
20 Jos, J., Frezal, J., Rey, J., Lamy, M. and Wegmann, R. (1967) Ann. Histochim. 12, 53-61 
21 Storelli, C., Vogeli, H. and Semenza, G. (1972) Febs. Lett. 24, 287-292 
22 Dahlqvist, A. (1964) Anal. Biochem. 7, 18-25 
23 Somogyi, M. (1952) J. Biol. Chem. 195, 19-23 
24 Lloyd, J. B. and Whelan, W. J. (1969) Anal. Biochem. 30, 467-470 


