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Transpo~ ~ ~deoxy-D-glueo~ (2-dGl~ and Gdeoxy-D-~uco~ (6-dGl~ ~ smd~d ~ Kluyve~myces 
marxianus, ~own under different con~fion~ h ~ shown that early ~ n a ~  phase cells c o n ~  o~y one 
~ucose ~anspoae~ wi~  ~w ~f ini~  for 6-dGIc and ~gh affiniff for 2-dGl~ Th~ ~ a n s p o ~  ~ ~cognked 
by ~ c c s e  and fm~os~  ~ late s ~ t ~ n a ~  ph~e celi~ two ~anspo~ ~stems ~ e  operative ~ r  ~dGl~ one 
with a ~gh and one with a ~w ~ f i ~ .  The ~gh-affini~ sy~em appears ~ be a ~ucos~g~a~ose  ca~ie~ 
c~aly~ng uphill ~anspo~, en~gized [y c o u ~ g  sugar ~anspo~ ~ ~an~ocatiun ~ pro~ns. Induction (cr 
de~pression) of ~ e  ~gh-~fini~ 6-dGlc ~anspo~ ~ems ~ be cou~e~ ~ an as yet unknown way, to ~ a t e  
consumption and a s~ong ~k~i~zafion ~ ~ e  m e ,  urn during ~owth. h ~ concluded that ~ucose ~anspo~ 
~ K. marx~n~ can proceed by at ~ a ~  two mecha~sm~ a ~ u c o s ~ f ~ c ~  ca~ie~ proba~y ha~ng 
phospho~ansfe~  ch~ac~ristic~ and a de~p~ss i~e  ~ u c o s e / [ a l a c ~ s e - ~ o n  ~mpoaer. 

Transpoa of ~deox~D-~UCO~ in Kluyvero- 
myc~ marxmnus appears to proceed according to 
a transport-asso~a~d phosphor~afion mech~ 
~sm. As proposed for the ~uco~ ~anspo~ ~ 
Saccharomyces c e m o ~ e  by Van S~ve~nck and 
co-wcrke~ [1,~, this mechanism ~ v ~ v ~  phos- 
phor~ation of the sugar at the expense of pefiph- 
~ally ~calized p~yphosphate. The e¼dence ~ K. 
marxmnus was based on the f in ing  that the first 
m~ec~ar speoes en~fing the call ~ sugar pho~ 
pha~ [3A]. Moreove~ it was shown the,  under 
ana~o~c con~fion~ the amount of sugar pho~ 
ph~e formed (about 2.5-3 ~ m ~ / g  yeasO 

* To whom correspondence shoed be addressed. 
Abb~a t ions :  ~dGl~ ~ ~ e ;  ~dGl~ ~ 
~uc~e;  CCC~ c ~ b o n ~ a ~ d e  m ~ o ~ p ~ n ~ h y d ~ n ~  

ofiNna~d from cellular pNyphosphates ~]. Fi- 
nM~, severM lines of e~dence sugge~ed the lo- 
calization of an amount of po~phosphate in the 
pefiplasmic space [5-7], with a pod s~e of about 
2.5 #mM/g yeast 

Howeve~ apparent~ conflicting with the pro- 
posed mechanism was the finding that 2-dG~ 
influx seemed to be coup~d to influx of protons 
[8,9], and that sugar uptake caused membrane 
depolarization [10], even though a proton symport 
mechanism appeared to be unfikdy. 

Also in & cerevisiae, the ~ucose phos- 
photrans~rase has been questioned [11-13], even 
though the pulse kinetics of 2-dGlc uptake showed 
a ~miNr beha~cr to that of K. marx~nus, i.~, 
sugar phospha~ appears first in the call [1~15]. 
Recenfl~ e~dence has been presenmd to show 
that hexokinases could be d i r e ~  involved in the 
~ucose Uanspo~ process [16,17]. 

Mo~ of the expefimen~ mentioned before were 
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carried out with ~ucose an~ogues that could be 
phosphoryla~& hke 2-dGl~ The fact that recently 
an an~ogue became av~hb~  that cannot be 
phosphorylated (6-deoxy-D-~ucose) offered new 
pos~bilities for the study of ~ucose ~anspo~ 
[13,18]. The m~n findings in ~ cerev~me were 
that the sugar cannot be accumulated ~ 3 A L I ~  
and that probab~ hexokinases influence the trans- 
po~ process [18]. 

In the present study, ~anspon of 6-dGlc is 
~udied in K. marxmnus, and is compared with 
2-dG~ uptake. 

M ~ e d ~ s  and M ~  

K. marxmnus CBS 397 was grown ~ a me~um 
cont~nin~ per liter: 1.2 g KH2PO4, 2.4 g dtric 
add, 12 g tfipotasfium d ~ e ;  3 g ( N H 4 ) 2 S O 4 ,  

0.6 g MgSO 4 • 7H20, 1 g KCI, 0.3 g CaC1 z • 2H20, 
17.5 mg FeC13. 6H~O, 6.25 mg MnSO4, 50 mg 
NaCi, 50 mg ZnSO 4. 7H~O, 3.5 mg ~otin, 6.25 
mg inofitol, 6.25 mg c~dum panthothenate, 6.25 
mg t~amin, 6.25 mg pyrido~n~ 6.25 mg ~cot i~c  
add, 6.25 mg fibofla~n and 20 g ~uco~  (or 
hctose). The yeast was cdtured in a M~ro~rm 
~rmentor (New Brunswick Sdenfific Co.) with a 
cuRure v~ume of 5 h ~  at 29°C, an a ~ t i o n  of 
250 rpm and an ~rflow of 17 fiter/min. Cells 
were incub~ed ~om a 150 ml pre-~ocdum, grown 
for 2 days at 29°C ~ a c~ture flask. The yeast 
was harves~d by centrifugation and washed three 
times with distil~d w~e~ 

The b~mass was determined by measuring the 
woght of the cells ~ 250 ml samples of cdture 
me~um. 

Sugar ~anspoa was measured, ufing tfitimed 
deoxy~ucose, at 25°C, aerob~ally, ~ a 10% (w~ 
woght /v~ . )  suspenfion. Samples O.1 ml) were 
d i ~ d  ~ 5 ml ~ c o ~  wate~ and f i l ~ d  on 
c e l l d o s ~ e  fiRers (0.45 ~m por~ Sc~dcher 
and Schull). A~er was~ng the calls the filter was 
dried, and the ra~oactififf  was determined by 
sdnfiHation countin~ ufing ~cofluor 30 (Packard) 
sdnti~ation hq~d. 

P~oton fluxes were measured a n a e r o ~ c ~  es- 
s e n t i ~  as described before [9]. A n a e r o b ~ s  was 
ac~eved by ~cubating the cells under a constant 
s~eam of argon gas ~ont~ning ~ss than 0.3 ppm 
oxygen). 
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E ~ c e l l ~  ~uco~  was d ~ m i n e d  enzym~P 
cally, ufing the hexo~n~e /~ucos~6~hospha~  
dehydrogenase assay [20]. E ~ c e l l ~  d ~ e  was 
me~u~d  enzym~icaHy by the m~hod of Da~e~ 
ufing d ~ a ~  ~ase, lactate dehydrogen~e and 
m~ate dehydrogenase [21]. 

~Deox~D-[3H]glucose was obt~ned from 
A m ~ a m  Internation~, and ~ d e o x ~ D { 3 H ] ~  
cose from New En~and Nude~.  

R e s ~  

The charac~risfi~ of growth of K. marxmnus 

on a Nucos~contNNng medium are shown in Fig. 
1. The Nomass increases exponentially during the 
first 10 h, and oNy ~owly beyond tNs time (sta- 
tionary phasO. The pH of the me~um ~veNs two 
mNn events in the m~abolism of carbon sub- 
strates: an ad~fication coup~d to ~uco~  con- 
sumpt~n and exponenfiN growt~ and a dramatic 
pH ~crease on consumption of pan of the me~um 
d f f a ~ .  

Fig. 2 shows the rdafion between cu~ure age 

100 
5O 

O~ 

"1- 

o 

L 

7 

8 

5 

O~ 

, t  
10 A 3~ 
cu l tu re  time 

A 
(hours) 

x 

!150 
I0~ _~ 

e ~ 
~ ~ 

5 
~ ~ 

50 ~" 25"8 
_~ } 
~ I ~ 

= 

~ ~ 
~ ~ 

~ o  ~ 

Fig. 1. Characteristics of growth of K. marxianus on a 
glucose-containing medium. The extracellular concentrations 
and pH are obtained in filtrates of the culture. 
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Fig. 2. Influence of culture time on 6-dGlc uptak~ Transpo~ 
was measured in 0.1 M Tri~maleate buffer (pH 4.5). Initial 
extracdlular 6-dG~ concentration: 0.I mM. Sample time: 5 
min a~er start of ffanspon. 

and 6-dGlc uptake. It is shown that during the 
first 15 20 h of growth uptake is ~ow, whereas 
a~erwards, at the same time at which pHou t in- 
creases, 6-dG~ ~anspon is enhanced. The di~ 
ference between 6-dGlc ~anspon in young and 
older cultures is determined by both kinetic and 
energetic differences. In 13-h-grown culture~ 
~ansport of 6-dG~, at low concen~afions, is much 
slower than in 38-h-grown cultures: the in~ial 
influx in 13-h-grown calls is about 5% of the value 
in 38-h-grown cells. Moreove~ in 13-h cuRures 
uptake does not exceed the diffusion equilibrium, 
whereas late stationary phase cells accumulate this 
sugar (to an extent of 10-20-times the ex~acdlu- 
lar concen~ation). 

The kinetic difference between the two yeast 
populations is not found with 2-dGl~ since the 
initial 2-dG~ influx is only 17% lower in 13-h- 
grown yeast compared to the 38-h-grown cells. 
This shows tither that there are kinetic differences 
in transport between sugars that can be phos- 
phorylated and the ones that can not, or that the 
two glucose analogues do not use the same trans- 
locato~ 

To test the first hypothesi~ the kinetics of 
influx was measured in 13-h- and 38-h-grown cells. 
It is shown in Table 1 that 2-dGlc is only trans- 
located by high-affinity transporL whereas 6-dGlc 
uses a low-affinity ~an~ocator  in the 13-h-grown 

TABLE I 

K m VALUES OF DEOXYGLUCOSE TRANSPORT 

Transport is measured ~ 0.1 M Tri~mNea~ (pH 4.5). Up~ke 
vdodties were determined from the finear ~gmems during ~ e  
first 20 s. K m vNues were obt~ned from E a ~ o H o ~ e  Nots 
of imtiN upmk~ In ~ e  case of biphafic ~netics ~-dGlc in 38 
h grown cdl~, the d ~ a  were c o m p u ~ a n N y z e d  to ~ d d  two 
K m v~ues. 

Yeast Sugar K~w Khig  h 
(mM) (mM) 

13 h grown 2-dGlc 0.50 
13 h grown 6-dGlc - 100 
38 h grown 2-dGlc 1.40 
38 h grown 6-dGlc 0.8 90 

cells, and both high- and low-affinity ~anspo~ in 
38-h-grown cells (biphas~ kineticS. 

It seems fikdy that the low-affinity 6-dGlc sys- 
tem in both cell types represents the same ~anslo- 
cato~ whereas the high-affinity 6-dGlc transport 
sys~m represents a 'derepressed' active trans- 
po~e~ 

Table II demon~rams that in 13-h-grown calls 
influx of 2-dGlc and 6-dGlc is inhibited by ~u- 

TABLE lI 

THE INFLUENCE OF SUGARS ON DEOXYGLUCOSE 
TRANSPORT 

Transpo~ was measured in 0.1 M Tri~m~eate (pH 4.5). 2- 
and 6-dGlc transport was assayed at tracer concen~atio~ 
Inhibition by sugars was performed With 5 mM of the respec- 
tive suga~ except for 6-dG~ inhibition of 2-dG~ up~ke in 13 
h grown cdl~ where 6-dGlc was present at 100 mM. Uptake 
v~o~ty was followed from the finear section, during the first 
18 s of uptak~ and the v~ues are presented as a percentage of 
the con t r , .  

Con~fion 13 h grown yea~ 38 h grown yeast 

6-dG~ 2-dG~ 6-dG~ 2-dGlc 

Con~ol 100 (%) 100 (%) 100 (%) 100 (%) 
+ Glucose 39 22 3 5 
+ GMactose 89 106 3 16 
+ Fructose 40 40 92 68 
+ Lactose 106 97 95 60 
+ Arabinose 92 101 102 61 
+ Xylose 94 105 88 91 
+ 6-dG~ - 53 - 36 
+ 2-dG~ 33 7 - 
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cose and fructose. Moreove~ 2-dGlc inhibi~ 6- 
dGlc influx and vice versa (it should be noted that 
6-dG~ as inhibitor is used at a 100 mM con- 
centration, equ~ to its Kin) .  Thus in 13-h-grown 
yeast both deoxy~ucose an~ogues util~e the same 
ffan~ocator. In 38-h-grown ceils ~anspo~ of both 
deoxglucose an~ogues is more s~ongly inhibimd 
by ~ucose, as compared to 13-h-grown yeast. In- 
hibition of 6-dGlc ~anspo~ by fructose, on the 
other hand, is lower. Most ~riking is the effect of 
galactose. Whereas g~actose does not inhibit de- 
oxy~ucose Uanspo~ in 13-h-grown yeast influx 
of both deoxy~ucose an~ogues is s~on~y in- 
hibimd in 38-h-grown cells. This indica~s that in 
38-h-grown cells the indudble g~actose ffanspo~ 
sy~em may be involved in the ~anspo~ of both 
2-dGlc and 6-dGl¢ This is supposed by experi- 
ment with lactose-grown cells. These cells, which 
have induced galactose uptake [22], accumulate 
6-dGl~ and transpo~ ~ sdecfivdy inhibited by 10 
mM ~ucose (85% inhibition) and 10 mM g~ac- 
tose (70% inhibition), whereas 10 mM fructose 
shows only minor influence (10% influence). 

As shown befor~ uhng 2-deoxy-D-g~actose, 
the g~actose ffanspo~ system seems to be a pro- 
ton sympo~ [8]. As 6-dGlc cannot be phosphory- 
lated it seems fikdy that the accumulation in 38 
h-grown cells is ~so caused by proton symporC 
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~g.  & The influence of e~ern~  pH on 6-dGlc influx. Trans- 
po~ was measured ~ 0.1 M Tri~maleate b u f ~  ~dGIc is used 
~ tracer concentration. ~: 13 h grown yea~, ©: 38 h grown 
yeast. Influx v d o d u  is determined from finear uptake during 
the fir~ 6-18 s. 

Suppo~ for this view comes from the following 
experiment. Fig. 3 shows that in 38-h-grown yeast 
~ansport of glucose and its analogues stimulates 
H ÷ influx, in contrast to the 13-h-grown cells, 
which do not reveal sugar-transport-associated H ÷ 
influx. The conditions as shown in Fig. 3, i.e., pH 
5.8, were however not stable enough to give reli- 
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Fi~ 3. The influence of sugars on proton fluxes in 13 h grown 
and 38 h grown yeas~ Yeast was suspended in 10% (w~ 
w6ght /v~ . )  suspenfion ~ 2.5 mM Tfi~mMe~e. A n a e r o b ~ s  
was ac~eved by flus~ng with argon. At ~e  moment of sugar 
ad~tion pH was 5.8. Ad~tions: 5 mM ~dGl~  5 mM 2-dGlc 
or 2.5 mM ~ucos¢ Curves A (upper oneO: 38 h grown yeast; 
curves B 0ower ones): 13 h grown yeast. An upward deflection 
shows pH increase. 
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~g.  5. The ~ e n c e  ~ CCCP on ~ d ~ c  influ~ Transport w ~  
measured m 0.1 M Tr i~m~ea~  ~ H  <5L 6 - d ~ c  was used at 
tracer concentration. Q: 13 h ~own yeast; ©: 38 h grown 
yea~. Influx ~ ~ t e r ~ n e d  ~om ~e  hnear u p t ~ e  during ~e  
first 6-18 s. CCCP was p ~ n c ~ a ~ d  ~ r  2 ~ n  be~re ad~ng 
~ d ~  
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able ~ t i m ~  of H + / ~ r  ~ c h i o m e ~ .  A~ 
~mpts to m e ~ u ~  ~e  reaction at lower pH were 
imposfi~e in 3 8 ~ w n  yeasL because these c ~ s  
increase ~e  pH of the me,urn  too fast to accu- 
r a c y  ~ t im~e H + influx ~ sugar trans- 
p~t .  

As ~own in ~g. 4, 6 -d~c  influx in 3 8 ~ r o w n  
calls is much more senfitive to the me,urn  pH 
than 6 -d~c  influx in 1 3 - ~ o w n  calls, ~us re- 
vexing ~at  protons are more dosdy ~v~ved in 
~ a n ~ a t i o n  ~ ~ d ~ c  ~ 3 ~ h ~ w n  c~s  than in 
13-h-grown yeast. M ~ L  the pH dependence 
in 3 8 ~ m w n  yeast ~ m b ~ s  the one found ~ r  
many H ÷ ~ m p ~ t  ~s~ms, ha~ng a charac~fistic 
pK of approx. 6-6.5 [23-25]. 

~ n ~ y ,  ~g. 5 ~ d ~  ~a t  ~ 3 8 ~ w n  
yeast ~e  p ~ ~ m  CCCP, which s~on~y in- 
hibits H + ~mpo~  ~ yeast [25], causes a much 
stronger ~hi~t ion of 6 -d~c  up~ke as comp~ed 
to 13-h~mwn calls. This ag~n mak~ H + ~mpo~  
a l~dy  mecha~sm for accumdation of 6-dG~ in 
3 ~ o w n  ~ l s .  

Discus~on 

It is shown in this paper that 6-dGlc uptake 
can proceed by both non-equilibrative transport 
and by active ~anspo~, the htter probab~ b~ng 
a proton sympo~. As can be concluded from 
Tab~ II, it is most fikdy that 2-dGlc is ~so 
~anspo~ed by these sys~ms: the inhibition by 
m ~ a b ~ a b l e  sugars is, at low concen~ation of 
deoxy~ucose, idenfic~ for both 2-dG~ and 6- 
dGlc. Since 13-h-grown cells only show one com- 
ponent (Table I) in this yeast it is dear that 
~an~ocation proceeds through the same trans- 
por~r for both ~ucose derivatives. This carrier 
recognizes ~ucose and ffu~os~ and therefore re- 
semb~s the constitutive ~ucos~ffu~ose cartier of 
~ cerevisiae [11,26]. In 38-h-grown yeas~ 2-dG~ 
and 6-dG~ influx are m~nly ~ucos~ and g~a~ 
tos~sen~tiv~ ag~n showing that, in lhe~e cells, 
both share a common gan~ocato~ which cata- 
lyzes uphill ~anspo~. Under the conditions of 
Tab~ II, the low-affinity 6-dGlc uptake compo- 
nent (Tab~ I) is not measured in 38-h-grown cells. 
Also in th~ populatio~ 2-dG~ appea~ to be 
~anspor~d ~a a ~n~e high-affinity sys~m (Ta- 
ble I). It seems likd~ howeve~ that 2-dGlc trans- 

port in 38-h-grown cells Nso c o n ~ s  of two com- 
ponent~ both ha~ng high affinity with Mmost the 
same K m vMues. Fi~tly, it is probable that 
low-affinity 6-dGlc uptake in 13-h- and 38-h- 
grown cells represent the same cartiec probably 
the constitutive ~ u c o s ~ u c t o s e  ~anspo~e~ The 
mutuN inhibition of both dGlc anNogues (Tab~ 
II) demons~ates that 2-dGlc is ~anspo~ed by this 
carrier sys~m, wh~h does not recognize gNactos~ 
Secondly, Tab~ II shows that 2-dGlc up~ke in 
38-h-grown cells is le~ gNactose- and mcre ~uc- 
tose~en~tive than 6-dGl~ showing the e~s~nce 
of a mixed ~anspo~er population. 

A~uming that inhibition of transport by 
m~abolizable sugars is caused by binding to the 
~anspo~ binding site, fo~owed by membrane 
~anslocafion of the suga~ it becomes e~dent that 
6-dGl~ and thus also 2-dGl~ can be ~ansporwd 
Nther by a probably constitutive Nucose/~uctose 
carrier and by an indu~b~ gMactose/Nucose ac- 
tive uanspo~e~ 

The nature of the ~ucose/~uctose cartier can 
only be speculated upon. This cartier catMyzes 
Uansmembrane movement of sugars that can be 
phosphor~ated, hke Nucos~ ~u~ose ~nd 2-dGl~ 
with high affinity, whereas sugars that cannot be 
phosphoryla~& like 6-dGl~ have low affiNty fer 
this carrier. This suggests that for this transport 
sy~em, phosphorylation seems to be direct~ 
involved in the uan~ocation phenomenon, ~ther 
through the phosphotrans~rase mechanism, ufing 
polyphosphate as phosphoryl source [1,2], or by a 
hexokinas~coup~d uptake sys~m [16-18]. 

The nature of the ~ucose/gMactose cartier 
resemb~s closely a p~oton sympo~ mechanism. It 
seems fikdy from the experimen~ described here 
that this particular sympo~er is idenficM to the 
pre~ouNy described [8,22] induNble gNactose ca~ 
tier. Also for & cerevisiae it has been shown that 
6-dGlc is a sub~ra~ of the gMactose cartier 
[18,19~ even though in that yeast uptake is not 
accumulativ~ However, in & cerev~me, 6-dG~ 
uptake through the gMa~ose carrier also results in 
high-affinity ~anspo~. 

The finding of two componen~ in the Nucose 
transporL one of which is H + sympo~, can ex- 
plNn some pre¼ouNy described result, where it 
was shown that 2-dGlc uptake caused H + influx 
and membrane depNarization [8-1~. In these 



pubficaf ions  the yeast  was ~ultured for 20 h, thus 
m s d f i n g  in a cell p o p d a f i o n  c o n t ~ n g  bo th  ~ u -  
c o ~  ~ a n s p o ~  sy~ems.  T ~ s  explains  why H *  
influx in these papers  never reached the l evd  of 
sugar  ~ f l u x  ( H + / S  rat io  < 1), and  Mso why ~ e  
H ÷ / S  ia t io  s ~ f t e d  from ± 0.7 at  p H  4 to 0 ~ p H  
7 [9] ~ o m p a r e  with Fig. ~ .  

One of the m ~ n  c o n d u ~ o n s  of t ~ s  paper  is 

that ,  depend ing  on the growth phase  of  the cells, a 
~ a n s p o ~  s y ~ e m  can be  ~ d u c e d  or d e r e p m ~ e d .  
T ~ s  has been  shown before  in some yeasts,  but  
m ~ y  based on the c o n ~  of ~ a n s p o ~  sy~ems  
by  ~ u c o s ¢  In  these papers  it was shown that  the 
presence of  ~ g h  ~ u c o ~  concen~a t i on  represses, 
e.g., m M t o ~  and g M a ~ o ~  uptake  ~ & cerev&me 
[27,28]. MoreoveL ~ Canada w~herham~ ~gh 
c o n c e n t r a t ~ n s  of ~ u c o ~  ~ p ~ e d  lhe ~gh -a f f i n -  
i ~  ~ u c o s e / H  + s y m p o ~ e r  and mo&f ied  it to pas-  
~ve  ~ u c o ~  t ranspor t  [29,30]. In  these papers  it 
c o ~ d  be shown that  the reverse was Mso true, i.e., 
i ncuba t ion  of  the cells in the presence of low 
concen~a t ions  of ~ u c o s e  ~ d d e d  act ivat ion of 
~ a n s p o ~  s y ~ e m ~  or ~ o n v ~ f i o n  to H + sym- 
port .  H o w e v ~ ,  the ~ s ~  p ~ s e n ~ d  in t ~ s  p a p ~  
do  not  i m m e d h t e l y  show an effect of  ~ u c o ~ .  
Even a 13-h-grown yeast  is c ~ t u ~ d  Mmost in the 
absence of ~ u c o ~  ( concen~a t ion  < 0.5 raM). 
MoreoveL compar i son  of Figs. 1 and 2 s u g g ~  a 
d o s e  r d a f i o n  between induc t ion  of ~ g h - a f f i ~  
6 - d G ~  u p ~ k ~  med ium p H  ~ c r e a s e  and d t r a ~  
consumpt ion .  I t  can be s p e c d ~ e d  ~ a t  consump-  
t ion of o r g a ~ c  a d d s  i n d u c ~  a c e l l ~ a r  m ~ a b o l i s m  
that  differs from early s ta t ionary  p h a ~  cells ~ the 
~ n s e  that  ~ u c o s e / H  + s y m p o ~  is ~ d u c e d .  How-  
eveL it is as yet  unclear  what  can be the exact  
tr igger for i n d u d n g  H + sympo~ .  F u ~ h e r  experi-  
ments  will be n e c ~ s a r y  to d u d d ~ e  t ~ s  m e c h ~  
nism. 

~ o ~ m ~ t  

Johan  Lagerberg  is acknowledged  for car ry ing  
out  par t  of  the exper iments .  

R~e~n~s  

1 Van S~venincL J. and BooO, H.L. (1964) J. Gen. Phyfiol. 
48, 43-60 

631 

2 Van S~vemncK J. and R o t h ~  A. (1965) J. Gen. Phys- 
iol. 49, 235-246 

3 JaspeR, H.T.A. and Van ~eve~nck, J. (1975) Bioc~m. 
Biophys. Acta 406, 370-385 

4 Tijs~m LEE, Van den Broek, ELA. and Van S~vemncL 
J. (198~ Bioc~m. Biophys. Acta 778, 87-93 

5 T0~em LP.F., Beeke~ H.W. and Van S~ve~ncL J. (198~ 
Bioc~m. Biophys. Acta 721, 394-398 

6 T0~em J.P.F., Dubbdmam T.M.A.R. and Van S~ve~ncK 
J. (198~ Bioc~m. Biophys. Acta 760, 143-148 

7 TO~e~ LP.F., Van S~ve~ncK J. and De B r u ~  W.C. 
(1985) P ro~asma  125, 124-128 

8 J a s p ~  H.T.A. ad Van S~ve~nc~ J. (1977) Bioc~m. 
B~phys. Acre 469, 292-300 

9 Van den Broek, P.J.A. and Van S~vemncL J. (1981) B~- 
chim. Biophys. Acta 64~ 305-309 

10 Van den BroeK EJ.A. (198~ Ph.D. Thefi~ Loden 
11 Se~an~ R. and DdaFuent~ G. (197~ MC. Cell. Biochem. 

5, 161-171 
12 Ko~L A. and M~ha~an~ovL D. (197~ Bioc~m. Bicphys. 

A~a 332, 104-113 
13 Roman~ A.H. (1982) J. Ba~efi~. 152, 1295-1297 
14 M ~ e ~ ,  S.A. and Roman~ A.H. (1977) Bioc~m. B~- 

phys. Acta 497, 745-759 
15 FranzusofL A. and Cifill~ V.E (198~ Bioc~m. Biophy~ 

Acta 688, 295-304 
16 Bi~o~ L.F. and FraenkeL D.G. (1983) Proc. Nail. Acad. 

Sci. USA 8~ 1730-1734 
17 Bi~o~ L.F. and Fraenkd, D.G. (198~ J. Bac~fi~. 159, 

1013-1017 
18 Bi~o~ L.F. and Fraenkd, D.G. (1983) J. Bac~fi~. 155, 

995-1000 
19 KotyL A., M~halja~covh, D., V e ~  K. and SoupukovL 

V. (1975) Folia M~robi~. 20, 496-503 
20 Bergmeyer, H.U., BernL ~, Schmidt, F. and S~rk, H. 

(1974) in M~hods of E n z y m ~  AnMyfi~ V~. 3, 
(B~gmey~, H.U., ed.~ pp. 1196-1201, Vedag Chemi~ 
W~nh~m 

21 Da~e~ S. (197~ in M~hods of Enzym~ An~ysis, V~. 
3, (B~gmeyeL H.U., ed.), pp. 1562-156L Vedag Cherni~ 
Wdnh~m 

22 Jaspers, H.T.A. and Van S~ve~ncL J. (1976) ~oc~m. 
Biophy~ A~a 443, 243-253 

23 H ~ L ' M .  and Misr~ EC. 097~ B~chem. L 172, 15-22 
24 Van den Broek, P~.A. and Van S~ve~nck, J. (198~ Bio- 

c~m. Biophy~ Ac~ 602, 419-432 
25 Van den Broek, EJ.A. and Van Steve~nck, J. (198~ Bio- 

c~m. Biophy~ Acta 693, 213-220 
26 Heredia, C.F., S~s, A. and DdaFuen~, G. (1968) Eur. J. 

Biochem. 5, 321-329 
27 G ~  C.EM. (196~ Bioc~m. Biophys. A~a 18~ 299-305 
28 Ma~rn, H. and H~zeL H. (1977) J. Bi~. Chem. 252, 

6399-6402 
29 Spencer-Martins, I. and Van Uden, N. (1985) B~c~m. 

B~phys. Acta 812, 168-172 
30 Spence~MarOns, I. and Van Ude~ N. (1985) FEMS 

M~roNol. L~t. 28, 277-280 


