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K ~  w ~ :  ~ r  ~ t ;  M M ~ x ~ n  ~ a ~ n ;  ~ b ~  ~edf id f f ;  T ~ n ~ o ~  p m ~ n ;  ( ~  c ~ )  

M~tooHgosaccharid~ up m m a l t o h e p ~ e  a ~  ~anspo~ed by ~ e  mal~dex~n ~anspo~ ~ e m  ~ 
Es~edch~ coll. The ~erail ~ a ~  s ~ c ~ O ~  of the ~anspo~ ~ e m  was ~vestig~ed by us~g 15 
maltodex~n analogu~ ~ ~ r i o ~  mod~of ions  ~ lhe reducing end ~ tie ~ i g o ~ h a r i d ~  ~ competing 
~ a ~  The ~nding ~ r ~ f i o n  ~ ~ e  analogu~ ~ maltopofin ~ .  ~ e  o ~  memb~ne and ~ e  
p e f i ~ m i c  m a l t o ~ & ~ n g  pmtei~ ~ e  two proton compone~s ~ ~ e  ~anspo~ ~stem ~ known 
spedfidff for m a l t o d e x ~ ,  w ~  also i n v e ~ a ~ &  ~1 an~ogu~ c o n ~ g  sever~ ~1  ~ ~ u c o ~ l  
Hnka~s we~  bovnd ~ ~gh ~ f i ~  ~ mal~pofin and m ~ - ~ n ~ v g  ~ ~ g ~ d ~  ~ O-m~hyk 
O-~ophenyk  ~ u c ~  ~ f l-f~c~syl  substitutions at the ~duOng end of the d e x ~ .  ~ o d u c t i o n  of a 
negative charge or ~ck of a ring structure at the ~dudng end we~ also inductive ~ abolishing ~ n ~ n g  by 
these two p~tein~ These ~ s ~ t s  suggest th~ the struc~re ~ the ~dudng ~ucose is not impo~a~ in the 
~ n d ~ g  s p e c ~ d ~  d m~topofin ~ m a l ~ s ~ n ~ n g  ~ How~e~  the ~gh affini~ ~ ~ e  protons ~ r  
analogu~ w ~  not in h~ff  ~ffiOent ~ r  ~cogn~on  by ~ e  ~anspo~ ~s lem ~eralL Mal~hexa~ol, 
• ni~ophenyl ~ m a l ~ a o s ~ e  and 4-fl-~mal~pe~aosyI-D-glucopyran~e w~e  bound ~ ~ e  ~ m e  
~ f i ~  ~ comp~a~e mal~dextri~ by bo~  mal~por~ and m a l ~ - ~ n ~ n g  proton b ~  we~  poorly 
~cogn~ed by the ~anspo~ ~ e m .  These ~ s ~  ~ g g ~ t  that ano~eL y ~  u~nvestig~ed compone~ of the 
~anspo~ ~ s ~ m  h ~  a m ~ e  ~ s ~ e d  spedf id~ t o w ~  chants  ~ the ~dudng end ~ ~ e  maltodexWin 
m o ~ c ~  

The maltose/maltodextfin ~anspo~ sygem of 
Escherich~ cob conrgs  of five known proteins: 
maltoporin in the ou~r membrane [1-~, the peri- 
Nasmic maltos~bin~ng protein [5,6], ~ e  MalF 
and MalG protNns ~ the cytoNasmic membrane 
[7,8] and the MalK protein on the c~oplasmic 
fide of the cytoNasmic membrane [~. ONy 
maltopofin and maltose-binNng p r ~ n  have 
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known binding rites for maltodextrins, although 
there is some genetic evidence that MalF and 
MalG proteins may also constitute a binding rite 
[10]. It is an open question how the overall 
specificity of the ~anspo~ system is determined 
by the individual specificifies of the component 
proteins. Indeed, in the case of the maltodextfin 
transport system, the sugar specifi~ty of the intact 
transport system has hardly been investigated. The 
purpose of the present study was to test the 
specificity of the ~anspo~ system urng malto- 
dextrin analogues and to compare these specifici- 
ties with the binding properties of maltopofin and 
maltose-binding protNn. Such a comparison 
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should deode whether the substrate spedfioty of 
the transport system was indeed determined by 
these two proteins. 

Substrates of the ~anspo~ sy~em are known to 
include finear m~todextfins up to mMtoheptaose 
[11]. Isom~tose or cydodextrins are not recog- 
nized [12]. The only an~ogues known to be tran~ 
ported are 5-thiom~tose and meth~ a-m~tofide 
[13]. Since these an~ogues were effectivdy recog- 
nized by the ~anspo~ sys~m and m~tose-binding 
protein with high affinity, this study tests whether 
more extensive modifications of the molecule a~ 
feet ~anspo~. 

A means of generating a large number of 
m~todextrin an~ogues is through the use of the 
ex~acellular 'amylas( preparations from Ba~llus 
macerans, which ~anffe~ hnea~ a,1-~ 4-1inked 
glucosyl units ~om cydodextrins omo acceptor 
molecules rdated to ~ucose and which have a free 
4-pofition [13,14]. As a number of mono- and 
disaccharides can be used as acceptor molecules, 
sever~ m~todextfin an~ogues could be synthe- 
fized ufing this approach. Another advantage was 
that the an~ogues generated in this way included 
the whole ~ange of ofigome~ cont~ning ~om two 
to over ten glucose unit equiv~en~. Fractionation 
of these molecules on the bails of fize then per- 
mitted the ~olation o~ for example, m~tose and 
maltohexaose an~ogues. This allowed us to test 
whether recognition of a subs~ate molecule by the 
m~tose/m~todextrin transport sy~em was ~so 
influenced by the number of a,1 -~ 4 hnkages in 
the an~ogue. 

Mat6d~s and Methods 

Sugam and sugar analogues 
Meth~ fl-D-#ucopyranofide, a-cydodextfin 

and m~h~  a-D-xylopyranofide were purchased 
~om ~gma ChemicM Co., St. Loui~ MO, U.S.A.; 
mMtotetraos~ mMtohexaos~ 4-ni~ophen~ a-D- 
mMtofid~ 4-ni~ophen~ a-D-mMto~aofide and 
analytical enzymes were ~om Boehringer Mann- 
hom, F.R.G.; mMtose (pure biochemicM gradO 
was ~om Merck ChemicM Co., DarmstadL 
F.R.G.; cellobiose was ~om CMbiochem-Behrin~ 
La Joll~ CA, U.S.A. Other chemicals were pure 
grades ~om commerciM source~ 

S y n t h ~  anMogues in which a,1--, 4-1inked 

glucosyl units from a-cydodextfin were trans- 
feved to methyl fl-o-gluco~d~ methyl a-D- 
xylopyrano~de, ceHobiose or sucrose as acceptor 
molecu~s were synthe~zed according to the pre¼- 
ously described methods u~ng B. macerans ex- 
tract [13]. In each cas~ synthe~s of an~ogues 
started with 0.5 g acceptor sugar and 1 g a-cydo- 
dextrin and was carried out as described [13]. The 
size ffactionation and an~ysis of suga~ u~ng 
thin-layer chromatography were ~so according to 
pubfished methods [13]. The ~ructures of the ana- 
logues ~olated are shown in Fig. 1. Efidence for 
these structures was obt~ned from sugar analyses, 
assay of redudng groups and an~ysis of produc~ 
formed on hydroly~s with a-~uco~dase and/or  
~uc~amylase ~esul~ not shown). 

The glucose at the redu~ng end of m~tos~ 
m a l t o ~ a o s e  and m~tohexaose was ~so mod- 
ified by borohydride reduction to the correspond- 
ing ghidtol derivatives and bromine oxidation to 
the co~esponding gluconic add derivatives. Both 
types of reaction were carried out by standard 
methods [15,16]. Both modifications were taken to 
comp~tion, as judged by the lack of m~toofigo- 
sacchafides in the produc~, u~ng thin-layer chro- 
matography as above. The structures of these ana- 
logues is ~so shown in Fig. 1. 

BaaeNal ~rains and growth experiments 
The two ~rNns of Escherichia coBK12 used in 

these experimen~ were HFrG6, which is wild-type 
with respect to the mMtose transport sys~m, and 
pop3325, which is wild type for the transport 
system but carries a malT c mutation resulting in 
constitutive expres~on of the sygem [17]. 

Growth experiments were carried out in 
minimN medium A [18] with the carbon sources 
spedfied in Table I; pop3325 was used in these 
expefimen~ in case an anNogue was a subs~ate 
but not an inducer of the mNtose sys~m. Each 
sugar was present at 0.5-1 mM concen~afion as 
carbon source. For testing the inhibitory effec~ of 
anMogues, the carbon source was 0.2% Nycerol 
and the anMogues were also at 0.5-1 mM con- 
centration. G~owth was monitored by measuring 
the absorbance of the culture at 580 nm. 

Tran~o~ a~ays and inhibition ~ud i~  
Transpo~ ra~s were obt~ned by me~uring 
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Fi& 1. S ~ u ~ u r e s  of the s u b ~ r a ~ s  and analogues used in this study. {1} mMtose: (~ ,  n = ~ R = OH;  {2) mMtot~raose:  (M, n = 2, 
R = OH; {3} mMtohexaose: (a), n = ~ R ~ OH; {4} m ~ h ~  ~-maltoside: (a), n = 0, R = OCH3; {5} m ~ h ~  fl-mMtot~raoside: (a), 
n = 2, R = OCH3; (6} m e t h ~  a - D - x ~ o p y r a n o s ~ l  ~ 4)-a-D-~ucopyrano~de:  (b~ n = 0; (7) m ~ h ~  a-D-xylopyranosy~(1 --, 4)-a- 
mMto~de: (b), n =1 ;  {8} m~fitol:  (c), n = 0; {9} m ~ t o t ~ r ~ t d :  (~ ,  n = 2; (10} m~tohex~to l :  (c), n = 4; {11} mMtobionic add:  
(d), n = 0 ;  {12} m ~ t o ~ a o n i c  aod:  (d~ n = 2; {13} m~tohexaonic  aod :  (d~ n = 4 ;  (14) fi-D-ffuctofuranosyl-(l--,  4)-a- 
mMtopentao~de;  (e), n = 4; {15} 4 -n i~ophen~a -O-m~to~de :  (~, n =1 ;  {16} 4-n i t rophen~ a - D - m M t o ~ a o ~ d e :  (~, n = 3; {17) 
4-fl-D-mMtosyl-D-glucopyranose: (g), n = 0; {18} 4-f l -D-m~topentaos~-D-~ucopyranose:  (g) n = 3. 



• e uptake ~ [ U - ~ m a l t ~ e  ~ p~¼ou~y d~ 
scribed [11]. M ~  was present at 1 ~M ~ the 
assay and an~ogues were present at 10 or 100 
~M. The u~nhiN~d ~ ~ m ~  t ~ n ~ t  in 
• e ~hihifion ~ u ~  w~  1.33 nm~ m ~  t~ken 
up per min per 108 ba~eri~ u~ng m ~ s ~ g r o w n  
G6 cells. 

Binding affiniti~ of ma#opcrin and maltose-bindng 
protein 

The Mfi~ti~ of an~ogues for m ~ p o r i n  ~ 
~ ba~eria w~e determined from ~ots of con- 
cen~ation dependence of ~hihition of Nn~ng of 
fluor~c~m~belled am~opectin as p ~ o u f l y  de- 
scribed [2]. M~tos~hin&ng protein was purified 
by affini~ chrom~ography on cross-finked 
am~o~  and dution by m ~  [19]. The purified 
protein formed a fin~e band a ~  gd d e ~ r ~  
phorefis ~ ~e  presence of so~um dodec~ 
s~phm~ The protein was &~yzed ufing four 
changes of 500 v~um~ of 10 mM Tris-HCl buffer 
(pH 7.~ before b ~ n g  assays. The ~ f i ~ t i ~  of 
m ~ s e - ~ n ~ n g  pro~in w~e determined ~om ~e 
concentration dependence of protein fluorescence 
quenching by the an~ogues as p ~ o u f l y  de- 
scribed [19]. 

R e s ~  

A preliminary ~udy with ~1 the an~ogues was 
to test whether any were transported or hy- 
drolyzed by bac~ria at a suffioent rate to support 
growtE None cf lhe m~tose/m~todextrin ana- 
logues ~sted in Table I was an ef~ctive carbon 
source of E. co~. The only an~ogues supporting 
~ow growth were (5}, (14} and (18}, which were 
o~gomers cont~ning at ~ast four ~ucose units. It 
was pos~b~ that this ~ow growth was due to the 
hydrolysis of these oligosaccharides by the peri- 
plasmic a-amylase [2~ and not to transport of 
intact molecules. It was ~so ~ e d  whether any of 
the an~ogues were growth-inhibitory; when ~s~d 
with ~ycerol as carbon sourc~ none of the ana- 
logues gave rise to a loxic ~vd or type of molecule 
which could have resul~d in growth ~ a ~  The 
only exception was fl-meth~ m~to~d~ which 
caused a minor reduction in growth rate on 
~ycerol. 

The lack of growth on the above an~ogues did 

not nec~sarily reflect hck of recognition by the 
transpo~ sys~m, fince the an~ogues may not be 
subs~at~ of a m ~ o m ~  or m~todemfid phos- 
phcr~a~, the enzym~ nec~sary for m~todextrin 
m~abolism [21,22]. Therefor, each of the ana- 
logues ~ Tab~ I was tested ~rectly as a po~nti~ 
i n h i ~ r  of m~tose transport. The an~ogu~ were 
tested at 10-f~d and 100-f~d excess over the 
m~to~  concentration in the transport assay. As 
shown ~ Tab~ I, on~ meth~ f l - m ~ d e { 4 )  and 
meth~ fl-~traoside(5} were ab~ to ~ve over 50% 
~hiNtion ~ a l ~ f o ~  excess cf an~cgue. Thee  
two an~ogues gave nea~tot~ ~hibition at a 100- 
fold excess; l ~ r  ~hibitions w~e ~so found with 
{8-10} and {13-18}. Each of these an~ogues 
gave over 50% ~ t i o n  of m~to~  ~anspo~ but 
on~ at a 10~f~d m~ar excess. At this m~ar 
excess, pos~b~ inhibition by ~w-levd contamin~ 
t~n by m~tode~rins codd not be rued out. 

The affini~ of interaction of each of the ana- 
logues was ~so tested with m~topori~ w~ch has 
a known a f f i ~  for ~near m~to~osaccha r id~  
[2]. As expect& the disaccharide an~ogu~ had 
the ~ w ~ t  affi~fi~ for m~topori~ as shown in 
Tab~ I. N e v e ~ h d ~  none of the an~ogu~ had a 
measura~y lower a f f i ~  for m~toporin than ~ d  
m~to~  itsdL All other an~ogues bigger than 
• sacchafid~ exhibited affi~fies comparab~ to 
the range of affinities exhi~ted by ~ansponed 
m~tooligosaccharid~. 

The ~nding of each of the anMogues to puri- 
fied m ~ m s ~ n d i n g  protein was ~so investigated 
u~ng hgand-dependent fluorescence quenc~ng 
tech~qu~ [1~. All the ~gands showed a saturable 
quenc~ng of binding protein fluorescence. How- 
ever, the ~ o p h e n ~  derivatives ~so caused a 
fineady concentration-dependent decrease in fluo- 
rescence due to thor absorption at 280 nm, w~ch 
was the exo~tion wavdength for proton fluores- 
cence. This apparent quenching codd be esti- 
mated with proton whose Nndin~dependent de- 
crease in fluorescence was ~ a d y  s~ura~d with 
exce~ m~tose (1 mM). The absorption-dependent 
decrease ~ fluorescence was corrected for in de- 
termi~ng the bin~n~dependent quenc~ng by 
~ o p h e n ~  derivatives. 

As p ~ o u ~ y  found [12], ~1 m~tooligosa~ 
charides had K d v~ues ~ the micromdar range; 
an~ogu~ (4,L9,10,13-18} were ~so bound with 
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TABLE I 

THE INTERACTION OF MALTODEXTRIN ANALOGUES WITH ESCHERICH1A COLI AND COMPONENTS OF THE 
MALTODEXTRIN TRANSPORT SYSTEM 

S u b ~ r ~ e f i n ~ t o r  BactefiM Grow~ M ~ s e  LamB MME 
~ o w ~  ~ ~ t ~ n  b transport p r ~ n  p~tein 

i n a c t i o n  (%) ~ K d (M) K d (M) 

10 gM 100 ~M 

{ 1 } MM~se + 
{2} M M ~ t ~ e  + 
{3} MMWhexa~e + 
{4} Meth~ ~-mMtoside - 
{5} Meth~ ~ m M t o t ~ o s i d e  ± 
{6} M e ~  ~xyl~yl-(1 ~ 4 ) - ~  

#ucop~ano~de - 
{7} M ~ h ~  a-x~osyl-(1 ~ 4)-a-D- 

glucop~anosyl(1 ~ ~ - a - D -  - -  

#ucopyrano~de 
{S) M~fitol - 
{9} M M m ~ t o l  - 

{10) MMmhexmtO - 
(11 } MMmMo~c add - 
{12} MM~tetrao~c a~d - 
{13} MM~hexaomc a~d - 
{ 14} ~Fructofuranos~ tetra- 

[a-D-#ucopyranosy~l ~ 4 ~  ± 
a-D-~ucop~anos~e 

{ 15 } ~Ni~ophen~ a - o - m ~ d e  - 
(16} ~N~rophen~ a - o - m ~ t e t r a o ~ d e  - 
{17) ~ o - M ~ D - ~ u c o p ~ a n o s e  - 
{ 18 } ~ o - M ~ p e n ~ o s y l - o -  

~ucopyranose ± 

- 95 99 1.9.10 -~ 1.0.10 -6 
- 94 99 3 . 0 " 1 0  _4 1.6.10 6 
- 96 99 7.5.10 -5 2.8-10 -6 
± 52 94 5.3.10 -3 4.7.10 6 
- 64 98 4.8'10 -~ 3.3.10 6 

<8  26 1.3.10 -z 4.5.10 -5 

23 29 3.1.10 -3 2.8.10 -5 

10 57 3.0.10 -3 5~-10 -s  
16 56 1.7.10 -~ 7.6.10 6 
14 73 1.2.10 -a  2.9.10 6 
0 0 1.3-10 -2 3.7.10 -3 

16 26 1.8-10 ~3 9.8.10 -s  
12 57 2.9-10 ~4 3.3.10 6 

31 75 8.5.10 -5 2.9-10 -6 

18 64 2.2.10 ~3 7.0.10 -7 
17 72 2.4.10 -4 4.7.10 -7 
17 62 1.9.10 ~3 9.1.10 6 

21 79 5.4-10 -4 9.1.10 -7 

" The ~owth of ~ co~ on ~ e  ~ven sub~rMe as s~e carbon source (+ ,  good ~owth; ±, Mow ~owth; - ,  no ~owth). 
b The e f ~  of anMogues at 0.5-1 mM concen~ation, when ba~efia were ~owing on #ycer~ as s~e carbon source (± ,  slight 

~ b i t ~ m  - ,  no m ~ f i o ~ .  
~ The influence of 10 ~M and 100 ~M analogues was te~ed on ~ e  rme of transport of 1 ~M [14C}mMtos~ 

f i m i l a r  a f f i n i t ~ s .  T h e  m o s t  ~ r i k i n g  d i f f e r e n c e  o f  

b i n d i n g  a f f in i t i e s  was  f o u n d  u p o n  i n t r o d u c t i o n  o f  

a n e g a t i v e  c h a r g e  i n t o  the  de r i va t i ve s ;  a n a l o g u e s  

( 1 1 )  a n d  (12}  were  p a ~ i c u l a r l y  p o o r l y  b o u n d  in  

c o m p a r i s o n  to o t h e r  a n a l o g u e s  of  f i m i l a r  fize. 

H o w e v e r ,  t he  p r e s e n c e  o f  a d d i t i o n a l  a ,1 - ,  4 l in-  

k a g e s  as in  {13} p e r m i t t e d  g o o d  b i n d i n g  b y  

m a l t o s e - b i n d i n g  p r o t e i n .  T h e s e  r e s u l ~  sugges t  t h a t  

t he  b i n d i n g  p r o t o n  r e c o g n i z e s  a ,1 ~ 4 f i nkages  

b e t w e e n  g lucose  r e f i d u e s  r a t h e r  t h a n  t he  s u g a r  a t  

t he  r e d u d n g  e n d  of  the  mo lecu l e .  

D~cussion 

T h e  i n t e r a c t i o n  of  15 m M t o o l i g o s a c c h a r i d e  a n a -  

l ogues  w i t h  t he  m M t o s e / m M t o d e x t r i n  ~ a n s p o ~  

s y s t e m  of  E. cod h a s  b e e n  i n v e s t i g a t e d .  A c o m -  

p a r i s o n  of  t h e  b i n d i n g  a f f in i t i e s  o f  these  a n d  c o m -  

p a r a b l y  s i zed  m a l t o o l i g o s a c c h a r i d e s  t o w a r d s  

m a l t o p o f i n  a n d  m a l t o s e - b i n d i n g  p r o t o n  ha s  a l so  

b e e n  u n d e r t a k e n .  

T h e  p r e s e n c e  of  e i t h e r  a n  a -  [13] or  f l - f inked  

m e t h y l  s u b s t i t u t i o n  a t  t he  1 - p o r t i o n  o f  m a l t o s e  or  

m a l t o d e x t f i n s  h a s  o n l y  a m a r g i n a l  e f fec t  o n  r ecog-  

n i t i o n  b y  t he  m a l t o s e  t r a n s p o r t  s y s t e m  or  b i n d i n g  

to  m a l t o p o r i n  o r  m a l t o s e - b i n d i n g  p r o t o n .  A n a -  

l o g u e s  {4} a n d  {5} were  e f fec t ive  i n h i b i t o r s  o f  

m a l t o s e  U a n s p o ~ .  T h e  a b s e n c e  o f  a 5 - m e t h o x y  

g r o u p  f r o m  the  r e d u d n g  e n d  g l u c o s ~  as in  a n a -  

l ogues  (6} a n d  (7} ,  c a u s e d  a m a r k e d  r e d u c t i o n  in  

t r a n s p o r t  i n h i b i t i o n  as wel l  as  b i n d i n g  a f f in i t ies .  

T h i s  w o u l d  s u g g e ~  t h a t  t he  6 - p o r t i o n  ~ m o r e  



impo~ant  than the 1-port ion in m~tose  for inter- 
acting with transport components. 

The absence of a ring structure at the redudng 
end, or even a redudng group as in maltitol(8} 
did not abol~h binding by ~lher  m~topor ln  cr 
m~tose-binding protein, ~ thcugh there was a 60- 
fold reduction in affinity of binding proton.  This 
reduction in affinity was less noticeable when 
addit ion~ a,1 --, 4-~nked ~ucoses were present as 
in (9} and (10}; with m~tohex~tol ,  the binding 
affinities were comparable to that of m~tohexaose.  
It may be concluded t h ~  the structure of the 
redudng sugar in m~todextr lns  is not ~gnificant 
in binding to ~ther  m~topor ln  or m~tos~b ind ing  
prote i~  except perhaps at the 6-position. Even 
introduction of a negative charge (as in (13}) or a 
n i~ophen~  substitution (as in {16}) did not sig- 
nificantly reduce binding by the two proteins pro- 
¼ded that at least four or five a,1-- ,  4-~nked 
~ucose re ,dues  were present in the ~gand. 

It was therefore surprl~ng and in , res t ing  that 
m~tohex~to l ,  which was an excellent ~gand for 
both binding protein and m~topof im was a rda-  
t ivdy poor inhibitor in m~tose  Uanspo~ assays. 
Clead~  binding by these protons  was not in i tsdf  
suff ident  for recognition by the m ~ t o s e /  
m~todextr in  ~anspo~  sys~m. 

There ~so  appeared to be a lack of co~da t ion  
with other an~ogues of the ability of m~topor in  
or m~tos~b ind ing  protein to bind an~ogues eL 
fectivdy and the inhibitory effect on ~anspo~.  
4-Ni~ophenyl  a - D - m ~ t o ~ a o ~ d e  (16} was 
bound with higher affinity by both m~topor ln  or 
m~tos~b ind ing  protein than m~tote t raos~  yet 
was much ~ss inhibitory for m~tose  ~anspon  
than m~todextrlns.  A ~ m i h r  lack of co~da t ion  
b~ween  binding and ~anspo~  inhibition was 
found with (18} in which the only dif~rence from 
m~tohexaose  was in the presence of a fl- rather 
than an a-linkage b~ween the redudng ~ucose 
and the rest of the molecul~ 

Sever~ explanations for the lack of co~da t ion  
b~ween  the binding and ~ansport-inhibitory eL 
fects of the an~ogues are pos~b~.  The first pos~- 
bility is lhat the binding affinities measured were 
not the affinities in the intact ba~er lum when 
~ansporfing sugar~ This pos~bihty is somewhat 
unl ikdy but difficult to exdud~  A second pos~- 
bifity is t h ~  the binding affinities towards 
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m~topof in  did not reflect the ability of an~ogues 
to pene~ate  the pore. This posfibility is ~so  dib  
ficult to exclude totall~ but recent data on the 
good co ,c la r ion  between pore properties and 
binding affinities have been ob t~ned  [23]. A third 
and most intriguing posfibi~ty is that another 
component  in addition to m~topor ln  or mMtose- 
binding protein is influenti~ in determining the 
transport spedf id ty  of the system. There is some 
addit ion~ evidence to suppo~ this suggestion; we 
have recently obt~ned mutan~  ab~  to grow on 
(18) and the mutation permiaing growth maps in 
malG, another component of the sys~m (D. Marls, 
K.-S. Lee and T. Ferend, unpublished results). 
This mutation causes a d r a ~  change in the 
spedf id ty  of ~anspo~,  suggesting that M ~ G  pro- 
tdn  is Mso fignificant in determining the overM1 
spedf id ty  of the m ~ t o s e / m ~ t o d e x t r i n  transport 
sys~m. The influence of other componen~ with 
yet unidentified binding properties may Mso need 
to be confidered to get a full under~anding of the 
spedf id ty  of the transport sy~em. 
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