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Stereospecificity of the myo-Inositol Transport System of Aerobacter aerogenes and 
Sensitivity Towards Sulfhydryl Reagents 

In  a previous r epor t  f rom this  l abora tory  Z, an act ive  
and inducible t r a n s p o r t  sys tem for myo-inositol in Aero- 
batter aerogenes was described.  The s tereospecif ic i ty  of the  
t r anspor t  sys tem has been inves t iga ted  wi th  21 di f ferent  
cyclitols. Since the  labelled cyclitols are no t  available, the  
inh ib i tory  effect  on myo- or scyllo-inositol up take  was 
tes ted .  Cyclitols which  differ f rom myo-inositol s t ruc ture  
by  no more  t h a n  one modif icat ion,  re ta in  the i r  aff ini ty  
for the  carrier;  those  which  differ more  ex tens ive ly  do 
no t  b ind  wi th  a sufficient  aff ini ty.  The t r a n s p o r t  sys tem 
is ve ry  sensi t ive  to su l fhydryl  reagents  such as p -hyd roxy -  
mercur ibenzoa te  (PHMB) or N-e thy lmale imide  (NEM). 
Full  p ro tec t ion  agains t  the  la t t e r  was af forded by  0.01 M 
myo-inositol. 

Materials and methods. A erobacter aerogenes strain,  
g rowth  and up take  condi t ions  were a l ready descr ibed ~ 
and the  resul ts  are re la ted  to 1 mg of cells (dry weight) .  
The su l fhydry l  reagents  were added  af ter  20 rain of 
s t a rva t ion  and the  suspension was again shaken  for 10 rain. 
The p ro tec t ive  effect  of subs t r a t e  was t e s t ed  as follows: 
af ter  10 rain exposure  to  N]?;M, N E M  plus myo-inositol  or 
myo-inositol alone, the  cells were suspended  in a carbon-  
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Fig. 1. Effect of sulhydryl reagents on myo-inositol transport. 
(2-3H)myo-inositol concentration was 0.55 mM. O--O, Control; 
A--A, NEM 10 -r M; A---A, NEM 10 ~ M; m--m, PHMB 10 -5 M; 
[~---[Z, PHMB 10 -4 M. 
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Fig. 2. Substrate protection against NEM action. Cells were treated 
as described in Materials and methods. A---A, NEM 10 3 M plus 
myo-inositol 10 -2 M; A--A, NEM 10 3 M; 0--0, myo-inositol 
10 -~ M. Uptake assay started with addition of 0.55 mM (2-3H) myo- 
inositol. 

free med i u m and s t a rved  for 30 rain. The assay s ta r ted  
wi th  the  addi t ion  of 3H-myo-inositol. Kinet ic  pa rame te r s  
were calculated using the  WILKINSON e hyperbol ic  adjus t -  
m e n t  on a 1620 IBM computer .  The values  were compared  
to those  ob ta ined  by  LINEWEAVER and  BURK regression 3. 
Depending  on the  concen t ra t ions  o5 inh ib i to r  used, the  
calculat ions o5 kinet ic  pa rame te r s  were pe r fo rmed  accord- 
ing to ~V~ARK and ReMAKe 4 and  CIRILLO 5. 

Radioehemica l  Center  (Amersham,  U. K.) suppl ied  
(2-3H)scyllo-inositol. (2-3H)myo-inositol was purchased  
f rom N E N  (Dreieichenhain,  Germany) .  

Results and discussion. Since m a n y  bacter ia l  t r a n s p o r t  
sys tems  have  been shown to be sensi t ive to  su l fhydry l  
reagents ,  the  effects of 2 such substances ,  N E M  and 
PHMB,  were inves t iga ted  on myo-inositol t r anspor t .  
10 -5 M P H M B  produced  an 80% inhibi t ion,  and comple te  
inhib i t ion  was observed at  10 -4 M. N E M  was less effec- 
t ive :  the  inhib i t ion  observed was 25-30o/0 a t  i0 -4 ]FI and  
62-75% at  10 -3 M (Figure 1). The p ro tec t ive  effect  of 
subs t r a t e  (10 raM), in the  presence  of 1 m M  NEM, was 
inves t iga ted .  Controls  were m a d e  e i ther  wi thou t  N E M  or 
w i t h o u t  myo-inositol. The resul ts  show t h a t  the  subs t ra te ,  
when  p resen t  in sa tu ra t ing  amounts ,  p ro tec t s  the  t rans-  
por t  sys t em agains t  the  ac t ion  of N E M  (Figure 2). This 
suggests  t h a t  essent ial  su l fhydryl  groups are located at  or 
near  t he  myo-inositol bind ing  si tes:  when  these  sites are 
sa tura ted ,  the  inhib i tor  canno t  reac t  wi th  them.  

Since mos t  of the  cyclitols are no t  available as labelled 
compounds ,  the  s tereospecif ic i ty  was s tudied  by  the  inhi- 
b i t ion  of the  myo-inositol uptake .  The Table shows the  
steric modif ica t ions  of the  co mp o u n d  tes ted,  in compar i -  
son wi th  the  s t ruc ture  of myo-inositol. The resul ts  pre-  
sented  show t h a t  in general  any  single modi f ica t ion  in t he  
myo-inositol molecule does no t  des t roy  the  abi l i ty  to 
inhibi t ,  as long as the  size of t he  new group does no t  
exceed a cer ta in  l imit .  At  carbon 1 a n d  3, invers ion of 
h y d ro x y l  groups diminishes  t he  inh ib i to ry  effect  less t h a n  
o-methyla t ion,  and the  lack of an h y d ro x y l  group .at the  
same posi t ions h inders  inhib i t ion  less t h a n  inversion.  At  
C-2, the  presence of a p h o s p h a t e  group comple te ly  de- 
s t roys  the  inh ib i to ry  ac t iv i ty ,  p robab ly  because of the  
anionic charge in t roduced  by  the  la t ter .  Complete  ab- 
sence of the  h y d ro x y l  group, its inversion or its replace- 
m e n t  by  a ke tone  does no t  reduce the  inhibi tory  effec- 
t iveness  to  any  grea t  ex ten t .  Subs t i tu t ion  of t he  hydrogen  
at  the  same posi t ion by  a m e t h y l  group makes  the  sub- 
s tance  a less effective inhibi tor .  

There  is l i t t le  effect  of inversion at  C-4 and C-6, or when  
a me thy lene  hydrogen  is replaced by  a m e t h y l  group. 

Compounds  which  differ f rom myo-inositol at  C-5 were 
tes ted  as inhibi tors  of scyllo-inositol en t ry  because they  
are also inhibi tors  of the  dehydrogena t ion  of myo-inositol. 
The f irs t  s tep  of myo-inositol  me tabo l i sm in A. aerogenes 
is a dehydrogena t ion  at  C 2 posi t ion wi th  c o n c o m m i t a n t  
fo rmat ion  of 2-keto-myo-inositol 6. Since the  subs t ra te  
used becomes  non- rad ioac t ive  upon  convers ion to  the  
keto der ivat ive ,  measu remen t s  of myo-inositol  up take  
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Cyclitol Modification Ki (mM) 
L-inosito1 ~ C-I, inversion 1.8 
( + ) Bornesitol o C-l, o-methyl 0.025 
scyllo-Inositol ~ C-2, inversion 0.16 
IsomitilitoI b C-2, C-methyl 0.37 
myo-Inositol-2-P b C-2, o-phosphate 3.84 
2-Keto-myo-inositolb C-2, keto 0.22 
D-inosit01 �9 C-3, inversion 1.5 
(--) Bornesitol �9 C-3, o-methyl 0.7 
(:~) Viburnitol ~ C-1(3), deoxy 0.45 
5-Deoxy-inositol b C-5, deoxy 1.5 
neo-Inositol ~ C-5, inversion 0.45 
Sequoyitol o C-5, o-methyl 0.02 
(• epi-Inositol ~ C-4(6), inversion 0.53 
Laminitol �9 C-6, C-methyl 0.16 
(--) Galaquercitol b C-6, deoxy 25 

C-3, inversion 
( + ) Taloquercitol b C-6, deoxy 20 

C- 5, inversion 
( i )  Alloquercitol b C-5, deoxy 20 

C-4(6), inversion 
1,3/2, 5-Cyclohexanetetrol b C-1, C-3, deoxy 55 
(=k) 2, 3, 5/6-Cyclohexanetetrolb C-1, C-4, deoxy 262 
muco- Inositol b simultaneous inversion C-3, C-4; C- 3, C- 1 ; C- 1, C-6 51 
allo-Inositol ~ simultaneous inversion C-4, C-5; C-5, C-6; C-3, C-6; C-1, C-4; C-I, C-5; C-3, C-5 50 

Indicate substances (1.1 raM) tested in the presence of various concentrations of myo-inositol (0.27, 0.55 and 1.1 mM). b Indicate substances 
tested at a concentration 50-fold higher than myo-inositol (0.55 raM). ~ Indicate substances tested as uptake inhibitor of scyllodnositol (0.055, 
0.11 and 0.56 mM). 

represen ts  t he  difference be tween  the  to ta l  myo-inositol 
t aken  up and  the  r ad ioac t iv i ty  lost by dehydrogena t ion .  
We  have  suggested in a previous  r epor t  tha t ,  a t  the  end 
of t he  assay period,  no more  t h a n  70% of the  to ta l  in t ra -  
cellular myo-inositol is p resen t  as such 1. Subs tances  which  
compe te  w i th  myo-inositol as subs t r a t e  of the  dehydro-  
genase, or which  inh ib i t  the  dehydrogenase  w i t h o u t  being 
subs t ra te ,  are t hus  capable  of appa ren t l y  s t imula t ing  
uptake ,  since t h e y  p r even t  loss of label f rom myo-inositol. 
Accordingly  those  subs tances  ( (+)bornes i to l ,  neo-inositol 
and  sequoyitol)  were t e s t ed  as inhib i tors  of scyllo-inositol 
t r anspor t .  The resul ts  ob ta ined  can be re la ted  to those  for 
myo-inositol because of the  close cor respondence  of the  
t r a n s p o r t  p roper t i e s  of these  two cycli tols (DEsHUSSES 
and  RXBER, unpubl i shed) .  

Rem ova l  of any  h y d r o x y l  group, and s imul taneous  
inversion,  is no t  suff icient  to  produce  a large inh ib i to ry  
effect. Bu t  af ter  2 s imul taneous  invers ions  or r emova l  of 
h y d r o x y l  groups, the  compound  is comple te ly  non- inhi-  
b i tory .  As a general  rule, it  is possible  to conclude t h a t  

two or more modif ica t ions  in the  basic s t ruc tu re  of myo- 
inositol  render  the  molecule non- inh ib i to ry .  

Rdsumd. Des quant i t6s  sa tu ran tes  de myo-inositol sont  
capables  de prot6ger  les groupes  SH impliqu6s dans  le 
t r a n s p o r t  actif  du cycl i tol  cont re  les r6actifs de ces grou- 
pes chez Aerobacter aerogenes. La sp6cificit6 du syst~me 
est  res t re in te  aux  cycli tols  ne p r6sen t an t  pas  plus  d ' u n e  
modi f ica t ion  par  r ap p o r t  ~ la s t ruc tu re  du myo-inositol.  
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Evidence  for the  M e d i a t i o n  of I n d o l e - 3 - a c e t i c  Acid  Effects  T h r o u g h  its  O x i d a t i o n  P r o d u c t s  

While  some workers  ascribe the  role of de toxi f ica t ion  
of indole-3-acet ic  acid (IAA) to IAA-oxidase  1, o thers  
consider  t h a t  it  produces  ox ida t ion  p roduc t s  to  cause 
physiological  responses  charac ter i s t ic  of auxin  2-5. I f  th is  
v iew is valid,  t he  exogenous appl ica t ion  of ox ida t ion  
p roduc t s  should cause effects ident ical  to  those  of auxin  
or chemicals  like sod ium metabisu l f i te  which  p ro mo t e  
the  fo rmat ion  of init ial  p roduc t s  of IAA oxida t ion  3,6, 
should enhance  a given physiological  response  of IAA. 

Work  to  t e s t  th is  hypo thes i s  was u n d e r t a k e n  in th is  
labora tory ,  using adven t i t i ous  root  fo rma t ion  oil m u n g  
bean  hypoco ty l  cut t ings ,  as a bioassay.  I t  has  been  
repor ted  t h a t  these  cu t t ings  do no t  root  in wa te r  b u t  
root  in 1% sucrose and  more  profusely  in 1% sucrose 
+ 5 rag/1 IAAT. 

The seedlings were raised f rom uni form seeds in Petr i -  
dishes l ined wi th  co t ton  pads  in the  dark  in g rowth  
chambers  ma in ta ined  at  28 :L 2 ~ 480 uni form 7-day-old 
seedlings were selected for exper imen ta t ion .  These were 
made  into cut t ings  by  excising the  coty ledons  and  also 
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