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Summary 

Previous communications from this laboratory have indicated that  there 
exists a thiamine-binding protein in the soluble fraction of S a c c h a r o m y c e s  
cerevisiae which may be implicated to participate in the transport system of 
thiamine in vivo. 

In the present paper it is demonstrated that  both activities of the soluble 
thiamine-binding protein and thiamine transport in S. cerevisiae are greatest in 
the early-log phase of the growth and decline sharply with cell growth. The 
soluble thiamine-binding protein isolated from yeast cells by conventional 
methods containing osmotic shock t reatment  appeared to be a glycoprotein 
with a molecular weight of 140 000 by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis. The apparent K d of the binding for thiamine was 29 nM 
which is about six fold lower than the apparent K m (0.18 pM) of thiamine 
transport.  The optimal pH for the binding was 5.5, and the binding was 
inhibited reversibly by 8 M urea but irreversibly by 8 M urea containing 1% 
2-mercaptoethanol. Several thiamine derivatives and the analogs such as pyri- 
thiamine and oxythiamine inhibited to similar extent both the binding of 
thiamine and transport in S. cerevisiae, whereas thiamine phosphates, 2-methyl- 
4-amino-5-hydroxymethylpyrimidine and O-benzoylthiamine disulfide did not  
show similarities in the effect on the binding and transport in vivo. Further- 
more, it was demonstrated by gel filtration of  sonic extract from the cells that  
a thiamine transport mutant  of S. cerevisiae (PT-R:) contains the soluble 
binding protein in a comparable amounts  to that  in the parent strain, suggesting 
that  another p r o t e i n c o m p o n e n t  is required for the actual translocation of 
thiamine in the yeast cell membrane. On the other hand, the membrane frac- 
t ion prepared from S. cerevisiae showed a thiamine-binding activity with 
apparent K d of 0.17 pM at optimal pH 5.0 which is almost the same with the 
apparent K m for the thiamine transport system. The membrane-bound thiamine- 
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binding activity was not only repressible by exogenous thiamine in the growth 
medium, but as well as thiamine transport it was markedly inhibited by both 
pyrithiamine and O-benzoylthiamine disulfide. In addition, it was found that 
membrane fraction prepared from PT-R2 has the thiamine-binding activity of 
only 3% of that from the parent strain of S. cerevisiae. 

These results strongly suggest that membrane-bound thiamine-binding pro- 
tein may be directly involved in the transport of thiamine in S. cerevisiae. 

Introduction 

Yeast cells contain a highly efficient transport system for the accumulation 
of thiamine [1]. In previous studies on thiamine transport in Saccharomyces 
cerevisiae we demonstrated that the entry of thiamine inside the cell occurs by 
means of a carrier-mediated active process and the analysis of mutants unable 
to transport both thiamine and pyrithiamine indicated that a common carrier 
specific for thiamine and the analog is involved in the transport system for 
thiamine in S. cerevisiae [2,3]. 

However, nothing is known concerning the chemical entity of the carrier for 
thiamine or some other functional components involved in the transport of 
thiamine in yeast cells. In this connection it is of interest to characterize a 
thiamine-binding protein found in the soluble fraction of S. cerevisiae which 
appeared to be repressed by exogenous thiamine with a concomitant decrease 
in the uptake of both thiamine and pyrithiamine by yeast cells [4]. Recently, 
we isolated the soluble thiamine-binding protein from S. cerevisiae by succes- 
sive procedures of cold osmotic shock treatment, DEAE-cellulose chromatog- 
raphy and ultrafiltration [5]. In addition, we have found another thiamine- 
binding activity in the membrane fraction prepared from S. cerevisiae. 

In this paper we describe the relationship between some properties of soluble 
and membrane-bound thiamine-binding proteins from S. cerevisiae and the 
transport of thiamine in yeast cells. The biochemical evidence obtained 
strongly suggests that the membrane-bound binding protein play a direct role in 
some unknown way in the yeast thiamine transport in vivo. 

Materials and Methods 

Chemicals 
[14C]Thiamine ([thiazole-2-14C]thiamine hydrochloride, 18.9 Ci/mol) was 

obtained from the Radiochemical Centre, England. Pyrithiamine hydrobromide 
and oxythiamine hydrochloride were the products of Sigma Chemical Co. 
Chloroethylthiamine (3-2'-methyl-4'-aminopyrimidyl-(5')-methyl-4-methyl-5- 
chloroethyl thiazolium chloride hydrochloride) was a gift from Sankyo Co. 
Ltd (Tokyo) and O-bdnzoylthiamine disulfide was from Tanabe Chemical 
Industries Ltd (Osaka). Dimethialium (3-2'-methyl-4'-aminopyrimidyl-(5')- 
methyl-4,5<iimethyl thiazolium chloride hydrochloride) and 2-methyl-4-amino- 
5-hydroxymethyl pyrimidine were gifts from Takeda Chemical Industries Ltd 
(Osaka). Zymolyase 5000 (a mixture of fl-l,3-glucanases produced by Arthro- 
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bacter luteus) was purchased from Kirin Brewery Co. Ltd (Tokyo). All other 
chemicals were purchased from commercial suppliers. 

Organisms 
The microorganism used was S. cerevisiae obtained as a colonal isolate of 

commercial baker's yeast Company (Orientals). A thiamine transport mutan t  of 
S. cerevisiae (PT-R2) was isolated by the procedure previously described [3 ]. 

Growth of  yeast cells 
S. cerevisiae was grown at 30°C for 16 h in Wickerham's synthetic medium 

[6] except that  thiamine was omitted.  

Assays of  thiamine transport and thiamine-binding 
The transport of thiamine and thiamine-binding were determined by the 

methods previously described, respectively [2,4]. 

Preparation of  membrane fraction 
S. cerevisiae cells (2 liters culture) was suspended in 70 ml of 0.05 M 

potassium phosphate buffer, pH 7.0, washed with distilled water twice. The cell 
suspensions were then subjected to sonic oscillation (Kubota Insonator model 
200 M) for 20 min at 2°C, centrifuged for 10 min at 6000 Xg and the super- 
natant  was recentrifuged at the same speed. The resultant supernatant was 
centrifuged for 20 min at 45 000 X g and separated into a supernatant (sonic 
extract) and particulate fraction (membrane fraction). The latter fraction was 
suspended in 8 ml of  0.05 M potassium phosphate buffer, pH 7.0. Membrane 
fraction was also prepared from S. cerevisiae by differential centrifugation 
described above the lysate of protoplast prepared from yeast cells using 
zymolyase 5000 according to the procedure reported by Doi et al. [7 ]. 

Purification of  soluble thiamine-binding protein 
A soluble thiamine-binding protein was purified from S. cerevisiae by the 

procedure as previously reported [5]. S. cerevisiae was grown in 12 liters of 
thiamine-deficient Wickerham's minimal medium at 30°C. They were harvested 
at the late exponential phase, and the cells were washed twice with distilled 
water, then subjected to the cold osmotic shock treatment as follows. Washed 
yeast cells were suspended in 400 ml of 0.1 M Tris-HC1, pH 8.0, containing 
0.9 M NaC1, 1 mM 2-mercaptoethanol and 0.5 mM EDTA. The suspension was 
shaken at 30°C for 20 min, then centrifuged for 10 min at 6500 X g. The pellet 
was suspended in 400 ml of  ice-cold 0.5 mM MgC12 and stirred in the cold for 
60 min, centrifuged for 10 min at 6500 X g {Step 1). The supernatant fluid con- 
taining the released proteins was concentrated to 19 ml using XM 50 Amicon 
ultrafilter (Step 2). The concentrated shock fluid was adjusted to pH 7.0 with 
1 M potassium phosphate buffer, pH 7.0, and applied to DEAE-cellulose 
column (2.3 X 12 cm) which was previously equilibrated with 0.05 M potassi- 
um phosphate buffer, pH 7.0, and washed with 115 ml of the same buffer. All 
of the thiamine-binding activity from the shock fluid was adsorbed to the 
column. Elution was carried out with a linear gradient consisting of 140 ml of  
the buffer in the mixing flask and an equal volume of buffer containing 0.2 M 
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KC1 in the reservoir. The thiamine-binding protein peak was eluted at approxi- 
mately 0.12 M KC1 (Step 3). The DEAE-cellulose fractions were combined,  and 
then concentrated and washed with the buffer on a XM 100A Amicon ultra- 
filter several times (Step 4). Protein in soluble or membrane preparations was 
determined by the method of  Lowry et al. [8].  

Polyacrylamide gel electrophoresis 
Analytical polyacrylamide gel electrophoresis was carried out  using 7.5% 

acrylamide at pH 8.9. The sample was run at 7.0 mA per tube for 1 h at room 
temperature.  The protein was detected by staining with Coomassie brilliant 
blue. 

The binding activity of  the soluble thiamine-binding protein during poly- 
acrylamide gel electrophoresis was detected as follows. 

The nonstained part of  the gel described above, which was run in duplicate 
at 4°C, was cut in the parallel pieces numbered from the origin to the anode 
and homogenized in 2 ml of  0.05 M potassium phosphate buffer,  pH 7.0. One 
ml each of  the supernatant from the homogenate by centrifugation at 1000 × g 
for 30 min, was used for the assay of thiamine-binding activity. 

Sodium dodecyl  sulfate (SDS) polyacrylamide gel electrophoresis was carried 
out  with the protein which was heated at 80°C for 2 h in 0.1 M sodium phos- 
phate buffer, pH 7.2, 1% in SDS, 25% in glycerol and 5% in 2-mercaptoethanol.  
It was run in 7.5% polyacrylamide gel contained 0.1 M sodium phosphate 
buffer, pH 7.2, 0.15% ammonium persulfate and 0.15% tetramethylethylene- 
diamine in the presence of  0.1% SDS. 

Results and Discussion 

Relation of growth phase to soluble thiamine-binding activity and thiamine 
transport 

Table I shows the dependence of the rate of  thiamine transport in aerobically 
grown cells of  S. cerevisiae on the growth phase. Activity was greatest in the 
early log phase and then declined markedly and it reached approximately one 
fifth of  that in the early log phase at the stationary phase. Thiamine-binding 
activity in the sonic extract from growing yeast cells was also highest in the 

T A B L E  I 

R E L A T I O N  OF G R O W T H  P HAS E TO T H I A M I N E  T R A N S P O R T  A N D  T H I A M I N E - B I N D I N G  ACTIV-  
ITY IN S. C E R E V I S I A E  

The yeast  cells were g rown  in 500  ml  of  thiamine-def ic ient  Wickerham's  min imal  medium.  Samples  
(10  ml )  were  removed  at the t imes s h o w n ,  and thiamine transport,  thiamine-binding activity and cell den- 
s ity were determined.  

G r o w t h  Thiamine  transport  Thiamine -b ind ing  
(A 560 n m )  ( n m o l / 2  m i n  per mg dry wt . )  ( p m o l / m g  prote in)  

0 . 1 4 0  17.7 63 .4  
0 . 2 5 0  11.0  37 .5  
0 . 6 5 0  5.3 22.9 
0 .900  3.8 7.8 
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early log phase and then decreased with growth as observed in the transport. 
These results appeared to indicate that  the formation and turnover of  the 
soluble thiamine-binding protein in S. cerevisiae may correlate to the rate of 
thiamine transport in yeast cells. 

Properties of  purified soluble thiamine-binding protein 
In order to investigate the possible role of a soluble thiamine-binding protein 

on thiamine transport in S. cerevisiae the protein was purified as described 
above. The specific activity of  the purified soluble thiamine-binding protein 
(Step 4) is 10 311.7 pmol thiamine bound per mg protein which represents an 
overall purification of 7.7-fold from shock fluid with a recovery of 42.2%. It 
also corresponds to approximately 400-fold purification from sonic extract of 
S. cerevisiae. 

As shown in Fig. 1A, polyacrylamide gel electrophoresis at pH 8.9 of a puri- 
fied soluble thiamine-binding protein revealed a single band and the binding 
activity toward thiamine was coincident with the stained part of the gel in the 
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F ig .  1.  ( A )  P o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  o f  p u r i f i e d  s o l u b l e  t h i a m i n e - b i n d i n g  p r o t e i n  o f  S. cerevisiae.  

E l e c t r o p h o r e s i s  w a s  c a r r i e d  o u t  u s i n g  7 . 5 %  a c r y l a m i d e  a t  p H  8 .9 .  4 5  p g  o f  p r o t e i n  w e r e  r u n  a t  7 . 0  m A  p e r  
t u b e  f o r  1 h a t  r o o m  t e m p e r a t u r e .  ( B )  B i n d i n g  a c t i v i t y  o f  s o l u b l e  t h i a m i n e - b i n d i n g  p r o t e i n  d u r i n g  p o l y -  
a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s .  ( C )  P e r i o d i c  a c i d - S c h i f f  s t a i n i n g  o f  s o l u b l e  t h i a m i n e - b i n d i n g  p r o t e i n .  T h e  
a m o u n t  o f  p r o t e i n  a p p l i e d  w a s  9 9  p g ,  a n d  t h e  e l e c t r o p h o r e s i s  w a s  r u n  a t  6 m A  p e r  t u b e  f o r  3 h ,  a n d  t h e  

p r o t e i n  w a s  s t a i n e d  b y  t h e  m e t h o d  o f  Z a c h a r i u s  e t  al .  [ 9 ] .  
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duplicate runs of  the purified protein (Fig. 1B). 
The molecular weight of the thiamine-binding protein was estimated to be 

140 000 by SDS polyacrylamide gel electrophoresis, and the protein was also 
stainable with periodic acid-Schiff suggesting that the yeast soluble thiamine- 
binding protein is a glycoprotein (Fig. 1C). The thiamine-binding activity of  the 
purified protein was sensitive to trypsin, whereas it was not to ~-mannosidase 
(data not shown). The optimal pH of  thiamine-binding was pH 5.5 when 
assayed in 0.1 M citrate phosphate buffer, which was slightly higher than that 
of thiamine transport in yeast cells. 

Lineweaver-Burk plots of the binding as function of thiamine concentrations 
gave a value for the apparent K d for thiamine of  29 nM which is about one 
sixth smaller than the apparent Km of thiamine transport. This may be 
accounted for by the effect of  unstirred layers at the cell surface. 

Thiamine-binding reaction by the soluble thiamine-binding protein was 
inhibited 90.2% in the presence of 8 M urea, and it was fully restored by 
removal of urea during equilibrium dialysis. However, the presence of 1% 
2-mercaptoethanol with 8 M urea caused an irreversible inactivation of the 
binding protein. From these results it may be concluded that urea alone revers- 
ibly inactivates the soluble thiamine-binding protein accompanying by its con- 
formational change, but the cleavage of  disulfide linkage in the protein mole- 
cule could result in the irreversible inactivation. 

Effect of  thiamine derivatives and the analogs on soluble thiamine-binding pro- 
rein and thiamine transport 

The competition of  several thiamine derivatives and the analogs with 

T A B L E  II  

E F F E C T  OF T H I A M I N E  D E R I V A T I V E S  A N D  A N A L O G S  ON B I N D I N G  OF T H I A M I N E  TO S O L U B L E  
T H I A M I N E - B I N D I N G  P R O T E I N  A N D  T H I A M I N E  T R A N S P O R T  IN S. C E R E V I S I A E  

Each th iamine  derivative or  analog was  added to  the  dia lyz ing buf fer  s i m u l t a n e o u s l y  w i t h  [ 14 C] t h i a m i n e  
at  mo lar  rat ios  as ind ica ted ,  t h e n  the  th iamine-b inding  act iv i ty  was  assayed  by  an equi l ibr ium dialysis.  

A d d i t i o n  T h i a m i n e  derivative Thiamine-b ind ing  T h i a m i n e  transport  
(%) (%) 

T h i a m i n e  

Contro l  
Pyr i th iamine  

C h l o r o e t h y l t h i a m i n e  

D i m e t h i a l i u m  

O x y t h i a m i n e  
T h i a m i n e  m o n o p h o s p h a t e  
T h i a m i n e  p y r o p h o s P h a t e  
2 -Meth y l -4-amino-  5-hy- 

dr  ox y m e t h y I p y r i m i d i n e  
O - B e n z o y l t h i a m i n e  
disul f ide  

0 100  100  
2 26.2 26 .3  

10 9.0 6.0 
2 34.1 35 .5  

10 5.5 7.9 
2 51.5 44 .4  

10  7.3 9.2 
10  1 0 0  100  
1 0  14.0  62 .2  
10 5.4 80.8 
10 94.3  12 .4  

0.1 100  7.1 
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thiamine for both the binding and transport is illustrated in Table II. The 
results show that pyrithiamine, chloroethylthiamine and dimethialium are good 
inhibitors of  the binding and transport of  thiamine, and as the concentrations 
of the compounds  were varied the binding and transport of  thiamine were each 
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Fig. 2. S e p h a d e x  G-75  gel f i l t r a t i on  of  t h i a m i n e - b i n d i n g  p r o t e i n  in the  soluble  f r ac t i on  f r o m  a p a r e n t  
s t ra in  a n d  a t h i a m i n e  t r a n s p o r t  m u t a n t  o f  S. cerevisiac. The ceils  g r o w n  in 500 ml  of  W i c k e r h a m ' s  m i n i m a l  
m e d i u m  in the  p r e sence  or  absence  o f  I pM t h i a m i n e  were  s u s p e n d e d  in 10 m l  of  0 . 0 5  M p o t a s s i u m  phos -  
pha t e  b u f f e r ,  p H  7.0,  s o n i c a t e d  for  20 m i n  a n d  t h e n  c e n t r i f u g e d  a t  45  000  Xg  for  20 ra in .  I m l  of  the  
s u p e r n a t a n t  was app l i ed  on  a S e p h a d e x  G-75  c o l u m n  ( 1 . 0 ) < 6 3  c m )  at  4°C,  P ro t e in s  were  e lu t ed  w i t h  
0 . 0 5  M p o t a s s i u m  p h o s p h a t e  b u f f e r ,  p H  7.0 at  a f low ra t e  of  0 .5  m l / m i n .  F r a c t i o n s  42 m l )  w e r e  co l lec ted .  
(A)  T h i a m i n e - b i n d i n g  ac t iv i ty  ( o  ~) and  p r o t e i n  c o n c e n t r a t i o n  (e ,  4 )  in 1 ml  each  of  the  f r a c t i o n s  f r o m  S. 
cerevisiac (pa ren t  s t ra in)  cells g r o w n  in the  absence  (circles)  or  p r e sence  o f  1 #M t h i a m i n e  ( t r iangles )  w e r e  
d e t e r m i n e d .  (B) T h i a m i n e - b i n d i n g  ac t iv i ty  (o) and  p r o t e i n  c o n c e n t r a t i o n  (e )  in 1 ml  each o f  t he  f r a c t i o n  
f r o m  a t h i a m i n e  t r a n s p o r t  m u t a n t  (PT-R 2) cells were  d e t e r m i n e d .  
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inhibited to nearly the same degree. Oxythiamine inhibited neither the binding 
nor the transport under the conditions employed.  

On the other hand, thiamine phosphates such as thiamine monophosphate  
and thiamine pyrophosphate  strongly inhibited the thiamine binding and did 
less thiamine transport,  whereas 2-methyl-4-amino-5-hydroxymethylpyrimidine,  
the pyrimidine moiety of  thiamine, and O-benzoylthiamine disulfide which is a 
thiol-form derivative of  thiamine with a potent  inhibitory activity on yeast  
thiamine transport/ system [10],  showed adverse effects. These results show 
that structural specificity of the soluble thiamine-binding protein is not  always 
reflected in specificity of  the thiamine transport in vivo, suggesting that the 
protein is not  a sole protein component  even if it is involved in thiamine trans- 
port  of  S. cerevisiae. As shown in Fig. 2A the soluble thiamine-binding protein 
was eluted in the void volume by Sephadex G-75 gel filtration and its activity 
in the cells grown in the presence of  I pM thiamine was shown to be markedly 
low as previously described [4]. On the other hand, a thiamine transport 
mutant  of  S. cerevisiae (PT-R2) was found to contain the soluble thiamine- 
binding protein in a comparable amounts  to that  in the parent strain (Fig. 2B). 

Some properties of  membrane-bound thiamine-binding protein 
Independently of  the soluble thiamine-binding protein another thiamine- 

binding activity was found in the membrane fraction prepared by differential 
centrifugation after disruption of yeast cells by sonication or after lysis of  
protoplast  prepared by zymolyase treatment.  The binding activity was propor- 
tional to the amount  of  protein up to 1.0 mg, and it was lost completely by 
heating at 100°C for 10 min. The apparent Kd of the binding for thiamine was 
0.17 pM at optimal pH 5.0 which is almost the same with the apparent Km 
(0.18 pM) of  thiamine transport in S. cerevisiae. As shown in Tables III and IV 
both membrane-bound thiamine-binding protein and thiamine transport in S. 
cerevisiae were not  only repressible by exogenous thiamine as was found with 
the soluble protein, but  their activities were markedly inhibited by  pyrithia- 
mine and also by O-benzoylthiamine disulfide which is wi thout  effect on the 
soluble thiamine-binding protein as described above. Furthermore,  it was found 
that the membrane fraction from PT-R2 contains the thiamine-binding activity 
of  only 3% of that  from the parent strain (Table V). 

Evidence has been presented above which shows that the membrane-bound 
thiamine-binding protein of  S. cerevisiae may participate directly in the thia- 

T A B L E  n I  

E F F E C T  OF T H I A M I N E  A D D E D  TO T H E  G R O W T H  M E D I U M  ON M E M B R A N E - B O U N D  T H I A M I N E -  
B I N D I N G  A C T I V I T Y  A N D  T H I A M I N E  T R A N S P O R T  IN S. C E R E V I S I A E  

Afte r  16 h of  g r o w t h  in W i c k e r h a m ' s  m i n i m a l  m e d i u m  (500  ml )  conta in ing  the  indicated  th iamine  c o n -  
centrat ion ,  the  cells w e r e  harvested.  M e m b r a n e  fract ions  w e r e  prepared f r o m  these  cel ls  as descr ibed  in 
Materials and M e t h o d s  and their  binding act iv i t ies  to  t h i a m i n e  were  assayed.  

A d d i t i o n  to  the  g r o w t h  m e d i u m  Thiamine-b inding  (%) Th iamine  t r a n s p o r t  (%) 

N o n e  100 100  
Thiamine  (0.1 /~M) 16.8  27.0 
T h i a m i n e  (0 .5  ~M) 10.0  7.1 
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T A B L E  IV 

E F F E C T  OF P Y R I T H I A M I N E  AND O - B E N Z O Y L T H I A M I N E  D I S U L F I D E  ON M E M B R A N E - B O U N D  
T H I A M I N E - B I N D I N G  A C T I V I T Y  A N D  T H I A M I N E  T R A N S P O R T  IN S. C E R E V I S I A E  

Thiamine -b ind ing  act iv i ty  in the  presence  o f  p y r i t h i a m i n e  or O - b e n z o y l t h i a m i n e  disul f ide  was assayed as 
descr ibed  in the  f o o t n o t e  o f  Table  II. 

A d d i t i o n  T h i a m i n e  derivative Th iamine -b ind ing  T h i a m i n e  transport  

T h i a m i n e  (%) (%) 

Contro l  0 100  100  
Py r i t h i amine  1 74.9 57.8 

5 21.8 15 .0  
O - B e n z o y l t h i a m i n e  0 .02  42.0  57.0 

disulf ide 0.1 10.4 7.9 

T A B L E  V 

T H I A M I N E - B I N D I N G  A C T I V I T Y  OF M E M B R A N E  P R E P A R A T I O N S  F R O M  A P A R E N T  S T R A I N  A N D  
A T H I A M I N E  T R A N S P O R T  M U T A N T  OF S. C E R E V I S I A E  

Strain T h i a m i n e  b ind ing  ( p m o l / m g  prote in )  

S. cerevisiae (parent  strain)  36.7 (59.1 *) 
T h i a m i n e  transport  m u t a n t  (PT-R2)  0 .95  (1 .80  *) 

* The  m e m b r a n e  fract ion  was  prepared f r o m  protop las t  f o r m e d  by  the use o f  z y m o l y a s e  5000  as 
descr ibed  in Materials  a nd  Methods .  

mine transport. These conclusions are based primarily upon the cellular loca- 
tion of  the binding protein, similarity of  the kinetic constants, parallel regula- 
tion of  the transport and the activity of  binding protein, correlation between 
the inhibition by thiamine derivatives of  the transport and binding and defi- 
ciency of the binding protein in a thiamine transport mutant. 

The exact role of  the soluble thiamine-binding protein in thiamine transport 
is still unknown, but at least it does not appear to be involved in translocation 
step of thiamine in the cell membrane of  S. cerevisiae. Although we have not 
yet succeeded to solubilize membrane-bound thiamine-binding protein, func- 
tional reconstitution by insertion of  the purified membrane-bound binding pro- 
tein into liposome should give further information on the role of  both binding 
proteins in the transport system of thiamine in S. cerevisiae. 

References 

1 Suzuoki ,  J.  ( 1 9 5 5 ) J .  B ioehem.  42,  27 - -39  
2 I w a s h i m a ,  A., Nishino,  H. and  Nose, Y. ( 1 9 7 3 )  Bioehim.  Biophys.  Ac ta  330 ,  2 2 2 - - 2 3 4  
3 lwash i m a ,  A., Wakabayash i ,  Y. and  Nose,  Y. ( 1 9 7 5 )  Biochim.  Biophys.  Ac ta  413,  2 4 3 - - 2 4 7  
4 I w a s h i m a ,  A. and  Nose,  Y. ( 1 9 7 6 )  J.  Bacteriol .  128,  8 5 5 - - 8 5 7  
5 Iwash i m a ,  A. and  Nish imura ,  H. ( 1 9 7 9 )  Biochim.  Biophys .  Ac ta  577, 2 1 7 - - 2 2 0  
6 W i c k e r h a m ,  L.J.  ( 1 9 5 1 )  U.S. Dept .  Agric.  Tech.  Bull. 1029 ,  1 - -56  
7 Doi,  K. and  Doi,  A. ( 1 9 7 4 )  J. B iochem.  75, 1 0 1 7 - - 1 0 2 6  
8 L o w r y ,  O.H.,  Roseb rough ,  N.J. ,  Far r ,  A.L.  and  Randal ,  R.J.  (1951)  J. Biol. Ch em.  193,  2 6 5 - - 2 7 5  
9 Zachar ius ,  R.M., Zell, T.E. ,  Morr ison,  J .H.  and  Woodloek ,  J .J .  ( 1 9 6 9 )  Anal .  B iochem.  30, 1 4 8 - - 1 5 2  

10 Iwash i m a ,  A., Wakabayash i ,  Y. a n d  Nose,  Y. ( 1 9 7 7 )  J. Bacteriol .  131,  1 0 1 3 - - 1 0 1 5  


