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SUMMARY 

I. Glucose-grown haploid yeast hybrids lacking the ability to ferment sucrose and 
affording an extract devoid of sucrose activity failed to accumulate !l'tCTmaltose or 
methyl-a-glucoside but accumulated [l~C]sucrose up to 3 % of cell dry weight. The 
accumulated 14C sucrose could be removed by incubation with [12Ciglucose or fer- 
mentable a-glucosides, its accumulation \va~ inhibited by IO -a 31 NaN:~ or Io a M 
2,4-dinitrophenol. 

2. Although the cells when grown on maltose or methyl-a-glucoside contained an 
a-glucosidase which can hydrolyse sucrose, they failed to ferment or hydrolyse 
sucrose. They accumulated sucrose as did glucose grown cells. The possibility that a 
fragile intracellular barrier separating sucrose from the a-glucosidase exists in these 
cells is considered. 

3. The bulk of radioactivity fixed by cells incubated with t4C fermentable sugars 
(glucose, maltose, methyl-a-gtucoside) was shown to reside in trehalose. In washed 
cells the amount of the accumulated trehalose is fairly stable but a rapid turnover 
and a small accretion of trehalose occurs in the presence of the fermentable sugar. 

INTRODUCTION 

In a study of carbohydrases in Saccharomyces haploid stocks of defined genotype, 
HESTRIN AND LINDEGREN 2, a found that cells grown on maltose or methyl-a-glucoside, 
failed to hydrolyze sucrose though the presence of sucrase activity in the cells could be 
demonstrated after drying or ageing. Selective permeability of cell membranes has 
been proposed as one of the possible explanations for this phenomenon of "cryptic" 
enzymic activity. Further studies of these haploids have indicated that the enzyme 
responsible for the hydrolysis of sucrose is the same a-glucosidase which hydrolyzes 
methyl-a-glucoside and/or maltose and that its formation and specificity is controlled 
by the yeast's genotype and the growth sugar ~, The fact that intact cells metabolize 
methyl-a-glueoside and maltose but not sucrose although they contain a single enzyme 

* This s tudy is pa r t  of a Ph. D. thesis submi t ted  to the Senate of the Hebrew University,  May 
1958. An abs t rac t  present ing pa r t  of the results has appeared 1. 
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which can split these ct-glucosides is consistent with the presence of a selective barrier 
which prevents sucrose from access to the enzyme site within the cells. 

Recent work has presented evidence to the presence of specific "permease" 
systems which control the penetration of various substrates into cells 5. ROBERTSON 
AND HALVORSON 6 have suggested the presence of an a-glucoside permease in yeasts. 
I t  seemed therefore of interest to study aspects of permeation and accumulation of 
a-glucosides in haploid yeasts of defined genotype in relation to the genetic constitution 
and to the contents and specificity of the cells inducible a-glucosidases. This com- 
munication presents results of experiments exploring these relationships. 

MATERIALS AND METHODS 

Yeasts: The haploid strains MA MG su mz (12836) and MA mg su mz (8293) of the 
Carbondale stock s were grown for 32 h on a rotatory shaker at 3 °0 in I 1 batches of 
nutrient medium 2 containing 4 % of the desired sugar. Cells were washed three times 
with cold distilled water and were finally suspended in water to give 30-4 ° mg dry 
wt./ml. Tile cells were kept at 4 ° and used within 24 h except when stated otherwise. 

Enzymes: Invertase concentrate was obtained from the British Drug House and 
diluted I :  IO in o.I M acetate buffer pH 5.0. 

Levansucrase was an extract  prepared from Aerobacter levanicum 7 cells disrupted 
mechanically by shaking in the Nossal disintegrator s for 30 sec. 

Sugars: 14C uniformly labelled sugars, viz. glucose, sucrose and maltose, were 
purchased from the Radiochemical Centre, Amersham, Bucks. Methyl-a- E14C]glucoside 
(9.1 mC/mmole; m.p. and mixed m.p. 162 °) was synthesized on a microscale from x4C 
uniformly labelled glucose according to HELFERICH AND SCHAFER 9. 

Chromatographic methods: Whatman No. I filter paper and the following solvent 
systems were employed: (a) upper layer of n-butanol-acetic acid-water (4:1:5, v/v); 
(b) n-butanol-ethanol-water  (5:2:2 v/v). Sprays used for detection of sugar spots 
were: (a) p-anisidine-HC1 for reducing sugars and ]~-fructosides 1°; (b) urea-phosphoric 
acid for ketoses11; (c) aqueous alkaline triphenyltetrazolium chloride for reducing 
sugars12; (d) alkaline silver nitrate for reducing and non-reducing carbohydrates is, 14; 
(e) 0.5 % ninhydrin in acetone for the detection of amino acids. 

Radioautograms for detecting 14C compounds on paper chromatograms were 
prepared by a 7-day exposure to an X-ray sensitive film. This technique enabled a 
margin of detection of 0.5 m/~C/cm 2 of filter paper. 

Quantitative methods: Total hexose content was determined by the anthrone 15 or 
by  the phenol-sulphuric acid is methods. Sucrose was determined by  the resorcinol 
method for fructose 17. 

Measurements of laC accumulated in washed cells 

A cell suspension (containing 9- i5  mg dry wt./ml)) was incubated in o.o33 M 
K-Na phosphate buffer pH 6.8 and o.166 M 14C sugar (O.lO-O.15 ~C/ml) at 3 °o in a 
water ba th  with gentle agitation. Samples (I-2 ml) were withdrawn at various time 
intervals and the cells were collected with suction on a I" millipore filter disc of 0.8/~ 
porosity (AA filter, Millipore Filter Co., Bedford, Mass.). The cake of cells was washed 
with two volumes of cold 0.033 M phosphate buffer, pH 6.8. After the addition of 
two drops of 15 % glycerol the disc was immediately dried under an infraredlamp, 
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m o u n t e d  on E-7A rings (Tracer lab Inc.,  Boston,  Mass.) and  measured  in a convent iona l  
Geiger counter .  Time needed to prepare  a d r y  sample  b y  this  procedure  did  not  exceed 
3 min. The value  of ac tua l  r ad ioac t i v i t y  was ob ta ined  af ter  corrections,  t ak ing  into 
account  the  ac t i v i t y  of a zero t ime control  and  the value of self absorp t ion  (read from 
a ca l ibra t ion  curve ob ta ined  b y  de te rmin ing  the decrease of emission in re la t ion to 
the  amoun t  of d ry  cells on the  disc). 

Measurements of the water content of the yeast cells 

The wa te r  space of the  yeas t  cake was measured  b y  a modif icat ion of known 
methods  is so as to enable the  use of a smal l  amoun t  of cells. The de te rmina t ion  was 
per formed  as follows: A sample  of a washed cell suspension (equivalent  to abou t  
2o-3o mg d ry  wt.) in o.o33 M phospha te  buffer p H  6.8 was col lected b y  suct ion on an 
A A  (I" d iameter)  mil l ipore  filter disc of known weight.  The cell cake was washed with 
5 ml  of a 4.0 % solut ion of inulin and  dr ied at  8o ° over  P~05 in vacuo for IO h. The discs 
were weighed accura te ly  and the  d r y  weight  of the sample  and  the to ta l  wate r  content  
of the  pressed cake (76 i :  1.5 o~, of i ts fresh weight) was ob ta ined  by  difference. The 
dr ied  cells were dispersed in 2 ml water  and the inulin content  was de te rmined  
color imetr ica l ly  17. A sample  of dr ied  cells washed with  wate r  ins tead  of the  inulin 
solut ion served as a blank.  The inulin space thus  ob ta ined  was found to be 15 :~ I o 
of the  fresh cake weight and  the weight  of in t race l lu lar  wa te r  ca lcu la ted  by  differ- 
ence was found to be 71.o ! :  0.8 % of the  yeas t  fresh weight.  The values presented  
were ob ta ined  with  m a n y  samples  of fresh MA MG or MA mg cells which were grown 
on glucose, mal tose  or methyl-a-glucoside .  

E X P E R I M E N T A L  

Fixation of 14C by ),east cells incubated with 14C sugars 

The resul ts  p resen ted  in Fig. I show tha t  af ter  con tac t  wi th  14C fe rmentab le  sugar  
the  cells f ixed an amoun t  of 14C equivalent  to  4-5 % of thei r  d r y  wt. (calculated as 
glucose). The  14C fixed could not  be r emoved  from the cells by  repea ted  washing with  
cold wate r  or a phospha te  buffer of p H  6.8. Under  these condi t ions  no 14C was fixed 
b y  cells unable  to  metabol ize  methyl -a-g lucos ide  or mal tose  when allowed contac t  
wi th  these 14C sugars. Only prolonged incuba t ion  ( ~  i h) which might  favour  in- 
duc t ion  towards  the u t i l iza t ion  of these a-Ft~C~glucosides resulted in a slow increase 
in HC uptake .  I t  can be seen (Fig. I) t ha t  the  ra te  of net  increase of 1.~(; in the cells 
on contac t  with a fe rmentable  sugar  falls g radua l ly  unt i l  it  levels off to a very  low 
value.  Though MA MG cells grown on mal tose  fermented  methyl -a-g lucos ide  at  about  
J /5 th  the ra te  of mal tose  3 the up take  of H(~ in presence of II~C)naltose was about  
3o °0 of the to ta l  anlount  fixed in presence of methyl-a-[a~C~glucoside under  the same 
condi t ions of test .  MA mg cells grown on maltose,  i.e. cells which do not  ferment 
methyl -a -g lucos ide  nor  can be induced to its u t i l izat ion as a subs t ra te ,  showed no 
up t ake  of r ad ioac t iv i ty  when in contac t  wi th  methyl-cz-!t4Clglucoside. 

On contac t  wi th  E14C]sucrose an up t ake  of 14C, which could not  be removed  b y  
repea ted  washings,  occurred.  This in t race l lu lar  14C u p t a k e  reaches a ma x ima l  cons tan t  
value  af ter  abou t  z h of incubat ion  and was equal  (when ca lcu la ted  as glucose) to 
1.5-3.o % of the  cells'  d ry  wt. I t  is in teres t ing  to note  tha t  this  14C fixat ion in presence 
of sucrose occurred both  in the  case of glucose and ~x-glucoside grown cells. I t  will be 
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Fig. I. Uptake of 14C sugars into washed yeast cells. MA MG cells suspension was incubated under 
standard conditions and samples withdrawn for analysis of 14C uptake as described under METHODS, 
V = /zmoles substrate fixed/mg dry cells; Q, O, O, E3, represent Ex4C~glucose, methyl-a-glucoside, 
maltose and sucrose respectively; A, glucose grown ceils; B, methyl-a-glucoside grown cells; 

C, maltose grown cells. 

recalled that  in all of these cases the intact cells cannot hydrolyze sucrose though an 
a-glucosidase which hydrolyzes sucrose can be extracted from a-glucoside grown 
cells s, 4. The total  amount of 14C from sucrose fixed by glucose grown cells was usually 
somewhat lower than the amount fixed by  those grown on an a-glucoside but  no 
constant ratio could be established. 

Washed cells kept in suspension at 4 ° were tested at several time intervals during 
14 days for their ability to fix 14C when in contact with I~C sugars for I h under the 
standard conditions. Only a slight decrease of ltC fixation ( >  2o %) was found 
towards glucose, sucrose and methyl-=-glucoside, while with maltose the rate of I4C 
fixation decreased at a gradual rate down to 30 % of the initial value. This phenomenon 
was found to accompany a decrease in maltase activity found during the ageing of the 
yeast suspensions (cf. ROBERTSON AND HALVORSONe). Added inorganic phosphate in 
the range of o.12-o.oo 7 M did not alter appreciably the amount of 14C fixed by  fresh 
washed cells. 

Identification of the accumulated 14C compounds 

More than 8o % of the radioactivity acquired by the cells after 3o min of contact 
with 14C fermentable sugar and all of that  acquired after contact with [14C]sucrose 
could be extracted with 5 % cold trichloroacetic acid (TCA). Most of the residual 14C 
could be extracted with alkali at room temperature (Table I). 

Cold TCA extracts were repeatedly extracted with ether, neutralized and con- 
centrated in vacuo. Chromatographic analysis showed that  except for traces of a very 
slow moving reducing component (probably a hexose phosphate) which corresponds 
to less than 1% of the total  sugar content when analyzed quantitatively, only a single 
sugar component was detected in the extracts prepared from the various cells samples. 
This non-reducing compound was indistinguishable from trehalose in its chromato- 
graphic behaviour. Extracts  of washed cells which were in contact with sucrose showed 
in addition to the trehalose spot a non-reducing ketose spot which behaved chromato- 
graphically like sucrose. An amount of about 15 mg of this sugar was eluted after 
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T A B L E  I 

P 2 X T R A C T I O N  r O F  F I X E D  14(" 

MA MG ceils grown on mal tose  were incuba Ied  3o rain m s t a n d a r d  condi t ions  wi th  lq5 sugars.  {.'ells 
were washed  and d ispersed  in a cold 5 % TCA solut ion equal  to the  in i t i a l  vo lume  and shaken  3 ° rain 
a t  4 °. Cells were col lected by  cen t r i fuga t ion ,  washed  with 5 % cold TCA, e x t r a c t e d  3o rain wi th  Io 0o 
NH~Oft  a t  3o% and  p r e c ip i t a t e d  again.  Samples  of the  superna tes  and ('ells were t aken  to 

n l e a s u r e  14(-.  
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1~(' sllbSl;¢lle 

(;ht, ( ~ s e  lll'H!vl-z~-z, l u u l ~ d c  Nucro~c 

5 - ~ 1.5 
I O  2 

I I  ~) 

quantitative separation on sheets of filter paper. A sample treated with yeast invertase 
resulted in total hydrolysis to glucose and fructose as revealed by paper chromatog- 
raphy. A second sample was tested with levansucrase 7 and found to serve as a sub- 
strate for tile formation of levan, glucose and fructose. 

In addition, the chromatographic analysis of concentrates of the cold TCA 
extracts revealed the presence of several amino acids. Major components were 
identified as glutamic acid, alanine and lysine. Aspartic acid, arginine, serine and 
histidine were present in smaller quantities whereas about 7 other amino acids 
appeared in trace amounts. 

Isolation of crystalline trehalose 

Washed yeast cells (equivalent to about 2 g of dry wt.) were extracted for 3o min 
with cold 5 % TCA. After four extractions with ether the concentrated solution was 
applied to a x.8 x5 cm Darco G-6o; Celite 535 columnl% washed with 5o0 ml water 
and then eluted with 500 ml xo % ethanol. The alcoholic solution was reduced in 
volume in vacuo at 4 o°, passed through a small column of Amberlite MB-I mixed-bed 
resin, and concentrated under reduced pressure into a syrup which crystallized from 
ethanol at 4 °. Yields obtained from several yeast samples varied from 4-3 to 5.8 70 
of crystals with respect to cell dry weight. Recrystallization gave a material with 
[a]~ ° = + x78° (e = 2, in H~O); m.p. and mixed m.p. with authentic aa-trehalose 
dihydrate : 95-96°. 

Location of the radioactivity in the TCA extracts 

Radioautograms made from chromatograms which resolved the TCA extract of 
cells previously kept in contact with ~aC fermentable sugars for 6o rain showed the 
radioactivity mainly at the level of the trehalose spot, in addition to a small activity 
in the glutamic acid and alanine spots. Quantitative studies, such as those presented 
in Table I I  show that 75-85 % of the 14C found in the cold TCA extracts was recovered 
in trehalose and 9-x5 % in amino acids. In the case of 14C fixed sucrose, the only radio- 
active spot found in the cold TCA extracts was that of the sucrose spot, which on 
quantitative analysis proved to contain all of the 14C fixed in the cells (Table II). 

Biochim. Biophys. dcla, 4 ° (i96o) [z4-134 
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TABLE I I  

QUANTITATIVE ANALYSIS OF THE COMPONENTS OF THE COLD TCA EXTRACTS 

An 8-ml suspension of MA MG maltose or methyl-a-glucoside grown cells (12o mg dry  wt.) were 
incubated wi th  0.066 M 14C sugar (about 5 m#C/#mole) at  3 °0 for 60 mill. Cells collected by  
centrifugation, washed repeatedly wi th  cold o.o 3 M p H  6.5 phosphate  buffer and extracted with 
5 % cold TCA as described under  Table I. After extract ions wi th  e ther  the TCA solutions were 
neutralized, concentrated and resolved quant i ta t ively  by  paper  chromatography.  The posit ion of 
14C compounds  was located by  rad ioautography and then  eluted into counting planchets.  This 
eluate after  drying and counting was dissolved in a known volume of water  in order to make 

quant i ta t ive  analysis. 

~*C substrate 
(a) 

Per cent o] fixed x*C 
extracted with cold TCA 

Isolated *'C (per cent o] (a)) 

Alanine Glutamic acid Trehalose* Sucrose* 

Glucose 74 .0 4.5 3.9 87.4 (1.o5) - -  
Methyl-a-glucoside 73.4 6.0 lO. 5 77.0 (0.92) - -  
Maltose 85.2 4.8 5.6 82.0 (0.66) - -  
Sucrose 98.0 o o o (o) 92.0 (0.94) 

* Numbers  in parenthesis  indicate the specific radioactivity at tained in the isolated material  
in relation to the external  14C sugar employed. 

Influence of various inhibitors on the laC uptake 

The rate of 14C uptake by washed cells in contact with either 14C fermentable sugar 
or sucrose, could be inhibited up to 9 ° % by 1.6- lO -3 M 2,4-dinitrophenol or sodium 
azide and to about 30 % by  1.6. lO -3 M NaF. O.Ol 4 M tris (hydroxymethyl) amino- 
methane which is a powerful competitive inhibitor of the a-glucosidase of these cells 4, 
did not inhibit either the fermentation or the 14C uptake by intact cells. Several deter- 
gents such as cetyltr imethylammonium bromide (Cetavlon) and sodium monolauryl 
sulphate (Duponol) at 2. lO -3 M completely inhibited 14C fixation. Sodium dodecyl 
sulphate and a polyoxyethylene sulphonate ether (Triton 720, Rohm and Hass Co.) at 
these concentrations inhibited only to a smaller extent (20-30 %). Neutral  surface 
active agents such as polyethenoxy ether (Triton x-Ioo, Rohm and Haas Co.) and 
polyoxyethylene sorbitan mono-oleate (Tween 80, Atlas Power Co.) at o.15 % did not 
show inhibition nor a significant increase in the amount of J4C fixed. I t  should be noted 
that  Cetavlon at 2. lO -8 M stopped the fermentation of external sugars and micro- 
scopic examination showed incipient cell lysis 23. In addition, t reatment  of ~4C labelled 
washed cells with lO -2 M Cetavlon resulted in the total extraction of the E14C] - 
trehalose or sucrose 15. 

Effect of 1~C sugars on the accumulation of 14C trehalose and sucrose 

From experiments such as those presented in Fig. 2 it could be seen that  any 
dilution of the external 14C fermentable sugar by  the same or other 12C fermentable 
sugars, caused a rapid decrease in the llC content of the cells. This decrease reached 
80-90 % of that  expected from the dilution of the external 1~C substrate. I t  is evident 
that  dilution with [12C]maltose or methyl-a-glucoside usually proceeded more slowly 
than with glucose. [12Clsucrose could dilute only the accumulated [l~Clsucrose but  
not the accumulated [14Cltrehalose, whereas any 12C fermentable sugar caused rapid 
elimination of the E14C]sucrose accumulated in the cells (Fig. 2). Some preliminary 
experiments indicated that  fermentable sugar (e.g. glucose) caused the release of intact 
accumulated sucrose from the cells into the medium. 

B i o c h i m .  B i o p h y s .  A c t a ,  4 ° (196o) 124-134 
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Fig. 2. Dilution of fixed 14C by 12C sugars. MA MG cells were incubated in s tandard conditions with 
o.o66 M 14C sugars and samples withdrawn for 14C analysis as described under METHODS. At t ime 
indicated by  an arrow a concentrated solution of 1~C sugar was added to bring its concentrat ion 
to 0.118 M and tha t  of the 14C sugar to o.o59 3f. The values given for homologous pair  of 12C-HC 
sugar are those of the experimental  values corrected according to the percentage of inaximal 
dilution expected; v -- /*moles substrate fixed/mg dry wt. ; x, 14C uptake;  0 ,  O, ~ ,  (P, residual 
14C in presence of [t2Cjglucose, methyl-,l-glucoside, maltose and sucrose respectively; A, glucose 
grown cells on [14C]glucose; B, maltose grown cells on [~4Cimaltose; C, methyl-~-glucoside grown 
cells on methyl-a-[laC]ghlcoside; D, glucose grown cells on [14C~sucrose; E, maltose grown cells 

on [14C]sucrose. 

T u r n o v e r  a n d  n e t  s y n t h e s i s  o f  t r e h a l o s e  

T h e  a m o u n t  of t r e h a l o s e  f o u n d  in  f r e sh  h a r v e s t e d  w a s h e d  cells was  f a i r l y  c o n s t a n t  

( T a b l e  I I I )  a n d  d e c r e a s e d  to  a l i m i t e d  e x t e n t  ( <  2o %) d u r i n g  t w o  w e e k s  s t o r a g e  of a 

t h i c k  a q u e o u s  s u s p e n s i o n  a t  4 ° e i t h e r  a e r o b i c a l l y  or  a n a e r o b i c a l l y .  I t  was  also f o u n d  

t h a t  cells  w h i c h  a c c u m u l a t e d  [14C]trehalose a n d  were  t h e n  w a s h e d  free  f r o m  t h e  
e x t e r n a l  sugar ,  l o s t  a b o u t  2 0 - 3 0  c~, of t i le  f ixed  14C w i t h i n  one  h o u r  b u t  r e t a i n e d  t i le  

r e s t  of 14C d u r i n g  48 h a t  3 o°. L ikewise ,  t h e  [14C]sucrose a c c u m u l a t e d  in t i le  cel ls  

s h o w e d  n o  d e c r e a s e  d u r i n g  t h a t  pe r iod .  

I n c u b a t i o n  of t h e  cells  for  p e r i o d s  of u p  to  I h w i t h  a f e r m e n t a b l e  s u g a r  c a u s e d  

a n  i n c r e a s e  of 3 o - 4  ° % in  t h e  n e t  a m o u n t  of t r e h a l o s e  (Tab le  I I I ) .  W h e n  1~C s u g a r s  

were  used ,  t h e  t r e h a l o s e  was  r a p i d l y  l a b e l l e d  u p  to  a specif ic  r a d i o a c t i v i t y  e q u a l  to  
t h a t  of t h e  e x t e r n a l  14C s u b s t r a t e  (Tab le  I I ) .  I t  was  f o u n d  t h a t  t h e  a m o u n t  of [14C] - 

h e x o s e  w h i c h  w a s  f ixed  a e r o b i c a l l y  b y  t h e  r e s t i n g  cells  d u r i n g  I h a t  3 °° was  a b o u t  

15 % of t h e  t o t a l  s u g a r  u t i l i z e d  ( w h e n  r e l a t e d  t o  t h e  CO 2 p r o d u c e d  u n d e r  t h e  s a m e  

B i o c h i m .  B i o p h v s . .  I chl, 4o ~i qOol i -'4 - t 34 
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TABLE III 

CHANGES IN THE AMOUNT OF TREHALOSE AFTER CONTACT WITH 14C SUGARS 

MA MG cells were incubated 6o min under standard condition with 14C sugars, washed and extracted 
with cold TCA as described under Tables 1 and II and the amount of trehalose was determined 

colorimetrically. Numbers indicate/,moles hexose/g dry cells. 

Growth sugar 
(a) 

Initial trehalose Methyl-x- 
$n washed cells Glucose glueosiae 

A trehalose in relation to (a) alter incubation with substrate A sucrose 

Maltose Sucrose Sucrose 

Glucose 232 + 92 - -  6 - - 1 2  + 3 2  
Methvl-a-glucoside 260 + 82 + 88 - - 6  - - i i  + 4 8  
Maltose 264 + 12o + 116 + 74 + 42 

conditions). The fact that at least 6o % of this 14C assimilation represents turnover 
means that net increase of the trehalose content amounts to only about 5 % of the 
external sugar utilized by the resting cells. 

Effect of substrate concentration on the rate of trehalose and sucrose accumulation 

The uptake of 14C by cells in contact with 14C fermentable sugar was found to 
conform with the MICHAELIS-MENTEN relationship. The Km was o.08 M for glucose, 
maltose or methyl-a-glucoside as substrates (Fig. 3). This value may be taken as that 
of a rate limiting reaction concerned with trehalose synthesis or breakdown. It should 
be mentioned here that the Km for maltose and methyl-a-glucoside as substrates of 
the a-glucosidase in these cells varied between 0.o7-0.22 M 4, whereas Kra of fermen- 
tation in yeasts, as measured by CO s formation, is about ten times smallera, 2.. 
ROBERTSON AND HALVORSON 6 found a Km of o.12 M for fixation of cold TCA ex- 
tractable 14C by yeast cells in contact with methyl-a-EI~Clglucoside. 

o.1 [s ]  0.2 
3 0  ' ' ' 0 .5  

~v] v 

18 9.3 

6 0.1 

I I ! 
40 80 1 2 0  

Fig. 3. Influence of sugar  concentrat ion  on the  x*C uptake.  MA MG maltose grown cells were 
incubated  3o m i n  under  s tandard  conditions with vary ing  concentrat ion  of [x4Clglucose and 
samples  t a k e n  for analysis  cf 14C uptake as described under  METHODS. S = substrate  concentrat ion;  
v = / ,mole subs t ra te  fixed/rag dry cells; O, rate of 14C uptake;  Q,  reciprocal values of 14C uptake.  
Results  in exper iments  wi th  methyl-a-glucoside or maltose as substrates ,  yielded similar  curves. 
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In  contrast  to the process of trehalose synthesis, accumulat ion of i14(;]sucrose was 
found to be a linear function of the external sucrose concentrat ion within a wide range 
(0.02-0.40 M). 

The concentration o f  trehalose and sucrose in  lhe cells 

Since the analysis of the water content  has shown that  in the washed cells there is 
an equivalent of 2.45 g of intracelhflar water  per gram of d ry  matter ,  the concentra-  
tion of trehalose or sucrose accumulated can be calculated assuming that  thev ave 
homogeneously dissolved in the total  water space of the cells. From the trehalos~ 
found in m a n y  samples of washed cells (aged 4-24 h) the values calculated were 
0.050 ~ 0.o02 M for the initial and o.o75 ! o.oo 7 M for the trehalose concentrat ion 
after 6o rain contact  with o.I60 3 [  glucose or fermentable a-glueoside. \Vlfih~ th~ 
initial concentrat ion of sucrose in the cells was zero, it roached a valm' of o.oi5 
:{_: o.o2 M after 6o mii1 of incubation with o.I60 M sucrose, i t  should be pointed out, 
however, tha t  since these sugars are probably stored in discrete compar tments  within 
the cell and not in the whole intracelhflar water space, the values calculated above 
represent minimum vahws for the concentrat ion of trehalose and sucrose accumulated 
by  the cells. 

DISCUSSION 

In  the light of recent evidence on the presence of specific permeases in microorganisms 
(@ Review by  COHEN AND MONOI) 5) and the suggestion that  yeasts, possess a similar 
system controlling the ent ry  of a-glucosides into the cells G, the possibility could be 
entertained that  some of the genes known to govern the utilization of glucosides 
(i.e. the MA MG or GA genes 24) might  be responsible for the permeation step and not 
for the formation of the a-glucosidase. LIXDEGREN has opposed this hypothesis on the 
basis of prevailing knowledge on the ntilization of a-glucosides by  various genetically 
defined yeast  hybrids 2°. ROBERTSOX A~)  HALVORSON have shown 6 that  yeast  cells 
adapted to maltose can actively accumulate  laC when in contact  with methyl-a-i14C]- 
glucoside, in amounts  of about  I /xg  a-g lucos ide /h /mg  dry  cells. These authors char- 
acterized the accumulated 14C substance bv its extractabi l i ty  in cold TCA and did not 
indicate to what  extent the methyl-a-glncoside had been fermented under the sam~: 
experimental conditions. One has to hesitate in concluding that  maltose behaves 
similarly to methyl-a-glucoside with respect to penetrat ion into the cells onlv on the 
grounds tha t  it competes with ~4C accunmlat ion in the presence of methyl-,z-~t~C] - 
glucoside and in the absence of analysis of the accumulated compounds  when using a 
fermentable a-glucoside as substrate. 

The results presented in this communicat ion demonstrate  that  in the haploid 
hybrids the 14C fixed in the cells after contact  with [taC]glucose or a fermentable 
a-glucoside was predominant ly  trehalose. No [14C]glucose, maltose or methyl-a-  
glucoside could be detected in extracts  prepared from cells which had been in contact  
with these ~4C sugars. Although these results do not necessitate the existence of a 
specific a-glucoside-permease, thev do not contradict  the possibility tha t  such a 
mechanism is operative. I t  is evident tha t  in these yeast  hybrids some new experi- 
mental  approach has to be sought in order to detect the presence of a specific permease 
system for fermentable a-glucosides. Consequently, it cannot  yet  be decided whether 
the MA and MG genes are linked with the formation of a permease system. 
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The presence of trehalose as a carbohydrate reserve in yeast cells is well known 25, 26. 
The amount of trehalose and other reserve carbohydrates in washed yeast is fairly 
constant and their endogenous metabolism is known to be exceedingly low 26. In 
addition, trehalose was shown to be one of the major components labelled by  liC 
after baker 's  yeasts were brought in contact with [a4C]glucose27, 28. The present results 
are in agreement with these observations. Trehalose was found to be the component 
which contained about 70 % of the 14C accumulated during incubation of the cells up 
to I h with a l*C-fermantable sugar. There was only a 30 % net synthesis of trehalose 
whereas the trehalose already existing in the cells was quickly labelled. The fast 
turnover of trehalose in the fermenting cells could also be demonstrated by  the rapid 
dilution of C~4C]trehalose in cells when brought in contact with ~2C fermentable sugars. 
I t  seems probable that  similarity in behaviour between the fermentable a-glucosides 
and glucose with respect to trehalose metabolism is due to hydrolysis by the a- 
glucosidase. 

I t  is noteworthy that  reaction equilibrium in the in vitro enzymic synthesis of 
trehalose phosphate from uridine-diphosphateglucose and glucose-6-phosphate has 
been shown to be far toward the synthesis of trehalose-phosphate and that  reversibility 
could not be demonstrated ~. The fact that  the magnitude of the trehalose pool in 
the intact washed yeasts is fairly constant fits this in vitro result. Yet, the rapid 
turnover of the trehalose pool when the cells are fermenting an external hexose 
indicates that  a highly active reaction of trehalose dissimilation is also operative. I t  
might be probable that  physiological conditions within fermenting cells favor the 
reversibility of trehalose synthesis by  glucose transfer to uridine-diphosphate. The 
possibility that  another enzyme which catalyses trehalose hydrolysis is operative 
within the fermenting cells is however not excluded. In this respect, the observations 
that  sodium azide and 2,4-dinitrophenol cause a marked decrease in the trehalose pool 
of resting yeast cells 2e, ~8, 30 are of special interest. 

I t  has been shown that  washed cells, grown either on glucose or on an a-glucoside, 
could accumulate E14C]sucrose. The fact that  this accumulation could be inhibited 
by  sodium azide and 2,4-dinitrophenol and that  the sucrose once accumulated was 
released from the cells when brought in contact with fermentable sugars, indicate 
that  this phenomenon cannot be considered as a simple absorption. On the other hand, 
cells unadapted to maltose or methyl-a-glucoside when incubated with the a-~14C]- 
glucosides were found not to be able to accumulate these, although the possibility of 
their penetration into the cells by simple diffusion cannot be excluded. 

The ability of cells grown on glucose, maltose or methyl-a-glucoside to accumu- 
late sucrose is unexpected and particularly surprising in the light of the fact that  the 
cells grown on the a-glucosides actually are known to contain a sucrose cleaving 
a-glucosidase3, 4. To explain this phenomenon one may assume the presence of an 
intracellular barrier between sucrose and the a-glucosidase. This barrier is probably 
specific for sucrose as it is evident from the fact that  other a-glucosides susceptible 
to cleavage by the same a-glucosidase (e.g. maltose, methyl-a-glucoside) are hydro- 
lysed by whole cells. This barrier can be damaged by mechanical t reatment  such 
as ageing or drying of the cells thereby initiating sucrose hydrolysis. Such a change 
in properties of the barrier might explain some of the known instances of delayed 
sucrose fermentation by several strains of yeast3L 

In comparison, attention is to be drawn to some recent work concerned with the 
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penetration of certain carbohydrates into yeast cells 32 and E. coli 33. Patterns ot 
accumulation of sugars within the cells, as was found in these studies, bear much 
resemblance to the phenomenon of the sucrose accumulation described in the present 
communication. 
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