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Completion of the whole genome

sequence of Bacillus subtilis 168
Nature (1997)

Genome
Sﬁeq uencing

There found a gene cluster for
myo-inositol catabolism.




Inositol metabolism
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Structure and regulation of
the iol divergon (iol & iolRS operons)
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Function of the iolgenes
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pMutin-scanning:
to find the genes involved in inducer production

inducer compound
produced during the catabolic pathway
IoIR repressor
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lolR repressor pMutin-integrated mutant
| (IOLBd for example)
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One of the iol genes was disrupted by a pMutin-integration. Expressior
of the genes in the downstream of the integration point can be driven |
the spac promoter (Pspac).

i) If the disrupted gene is involved in the inducer production, LacZ
is never produced.

ii) If the disrupted gene is NOT involved in the inducer production,
LacZ is produced upon addition of inositol or IPTG+inositol.




Results of pMutin-scanning on the iol operon

Strain Relevant genotype LacZ activity (nmoles/min/mg protein)

in cells grown with:

iol IPTG i0l+IPTG

wild-type

iolA::pMutin2
iolB::pMutin2
iolC::pMutin2
iolD::pMutin2
iolE::pMutin2
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iolG::pMutinl
iolH::pMutinl
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When one of the iolBCDEG genes is disrupted, the iol promoter is never
turned on. Thus, these five genes could be involved in the reactions until
the production of a putative inducer compound.




Expression of the iol genes in Escherichia coli

pUC18 pIOLDE plOLD plOLE
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Some of the jol genes were cloned into the cloning
site of pUC18 vector to be expressed in E. coli
under the control of the /lac promoter. Thus each
of the cloned genes was induced in the presence
of IPTG.




Function of the iolgenes

/_.\ " Supposed pathway of
Nl inositol catabolism

l1oIR

myo-incsitel

| repressor

/ N
transport pratein | cellmembrane
oo

hemelegeus to membrane- IolF? lolT

Gene organization of

the ioloperon —

iol8 iolC iofD iolE  fofF  folG iofH dofl  iol)

*i % g

asscclatedgtransponers

iofS folR

homolegous to
auxin-induced
protein and MocA

~ 2-keto-myo-inositol
dehydratase

g O Ha0

homologous to MecC
(unknown function)

n

/I_l
loID Ko >

homologous to _‘___.-———_ ———
acetolactate ¢ diketodeoxyincsitel

hy drelase

symhases

-

!

hemelegeous
toaldolases

highly hemelegeous to

methy Imalonat e- IolA?
semialdehy de = CoA
dehy dregenases MSA oxidative
decarboxylase
i
CO H— C— CoA <=
s + CH,J C— CoA «




Inosose dehydratase activity in E. coli expressing the iol genes

Strain

Inosose dehydratase activity
(nmoles/min per mg protein)
in cells grown with 1 mM IPTG

JM109/pUC18
JM109/pIOLB
JM109/pIOLC
JM109/pIOLD
JM109/pIOLE

Inosose DKDI

+ (D-2,3-diketo-4-deoxy-epi-inositol)
Sample

A260 _

The iolE gene encodes inosose dehydratase!!
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Two possible lolE reaction products

m/z 159.0297 (ca. m/z 159.0288)




Reduction of the IolE reaction product

OH OH* OH
HO.\OH* HO.OH*

Mixture of four quercitols

OH OH*

NaBHa

= ()
lolE Ho J




¥

L

Identification of the IolE reaction product (bisphenylhydrazone)

Summary of 'H-NMR (300 MHz, CD,0D)

54.25 (1H, d, H-1)

§3.67 (1H, t, H-2)

53.88 (1H, dt, H-3)

52.53 (1H, dd, H-4)

53.07 (1H, dd, H-5)

Jy ,=7.1Hz, J, ;=J; ,=8.0Hz, J, ;=6.0Hz, J, ;=17.2Hz
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Diketodeoxyinositol hydrolase activity in E. coli expressing the iol genes

Strain

Diketodeoxyinositol hydrolase
activity (nmoles/min/mg protein)

in cells grown with 1 mM IPTG

JM109/pUC18
JM109/pIOLB
JM109/pIOLC
JM109/pIOLD

14.3
20.2
23.6
253.0

lolE

Inosose T DKDI 7 3 » DKH

(D-2,3-diketo-4-deoxy-epi-inositol) (2-deoxy-5-keto-gluconate?)

Sample

A260 IIIII........IIIII--__

The iolD gene encodes DKDI hydrolase!!




Identification of the lolD reaction product

k

S-deoxy-glucuronate  f3-anomer 5-deoxy-glucuronate a-amoner

Summary of "H-NMR (300MHz, D,0) Summary of "H-NMR (300MHz, D, 0)
55.28 (1H, d, H-1) 85.05 (1H, d, H-1)
$3.98 (1H, t, H-2) 53.96 (1H, t, H-2)
54.13 (1H, dd, H-3) 54.04 (1H, dd, H-3)
54.47 (1H, dt, H-4) 54.43 (1H, dt, H-4)
82.54 (2H, dd, H-5) 82.41 (2H, dd, H-5)
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DKH kinase activity in E. coli expressing the iol genes

rate:AAs3s0/min/mg protein
Strain without DKH with DKH

JM109/pUC18 .64 .75
JM109/pIOLB .57 .97
JM109/pIOLC .71 .08
JM109/pIOLBC .40 .55
JM109/pIOLB plus JM109/pIOLC .89 .52

DKH + ATP —» DKHP + ADP

?

Sample

LDH
—>

Asao ‘

Co-expression of iolB and iolC is needed for the full activity
of DKH kinase?!!




DKH kinase activity in strains of B. subtilis

Relevant genotype Grown with Rate:AA340/min/mg protein
10 mM inositol without DKH with DKH

wild-type

cat iolB52(Q1370CH)

cat iolB58(E162K)

cat iolC62(A269T)

Both of the functional loIB and lolC are
indispensable for DKH kinase activity//
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Identification of the loIB/C reaction product

2-deoxy-5-keto-D-gluconate 6-phosphate
Summary of 'TH-NMR (300MHz, D,0)
82.42 (2H, d, H-2)
64.35 (1H, dt, H-3)

(
54.33 (1H, d, H-4)
(
(

64.65 (1H, dd, H-6a)
84.75 (1H, dd, H-6b)




loIB reaction: working hypothesis
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Identification of the lolB reaction product

2-deoxy-5-keto-D-gluconate
Summary of 'TH-NMR (300MHz, D,0)
82.44 (2H, d, H-2)

84.27 (1H, dt, H-3)

64.23 (1H, d, H-4)

54.41 (1H, d, H-6a)

64.53 (1H, d, H-6b)




|loIBC reaction

kin asel@ ructokinase
0
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Identification of catabolic intermediate acting as the inducer
by lIoIR DNase | footprinting on the iol operator region

C1234 5 6 738
; - : Lane assignment

. without any protein extract

AWML >

| b .

. pIOLR extract

. pIOLR extract + 10 mM myo-inositol

. pIOLR extract + 10 mM 2-inosose

. pIOLR extract + 10 mM 2,3-diketo-4-deoxy-epi-inositol

:
:

. pIOLR extract + 10 mM 5-deoxy-glucuronate/
2-keto-5-deoxy-gluconate (1/2)

. pIOLR extract + 10 mM 2-keto-5-deoxy-gluconate 6-
phosphate

B T N e

. pUC18 extract

2-keto-5-deoxy-gluconate 6-phosphate
is identified as a catabolic intermediate
acting as the inducer that antagonizes

loIR/operator interaction!




targets:

iolABCDEFGHIJ, iolRS
and

The 3ud target!!




iolT: a new member of "the iol regqulon”
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Inositol-uptake by strains of B. subtilis

Notinduced Induced
(grown without inositol) (grown with inositol)

Strain (Relevant genotype)
60015 (wild-type)

FU350 (AiolF)

IOLTd (iolT::pMutin)

FU351 (AiolF,iolT::pMutin)

=
c
o >
X o
g g
55
O -
= 0
0w o
o —
£
€
c
N

Time(min)

I The iolT and iolF genes encode major and
minor inositol transporters, respectively!!




Determination of the Km and Vmax values of inositol transporters

loIT

K, = 153 uM

Vinax = 13.8 nmol/min/ODgg

OO T T T 1
0.000 0.005 0.010 0.015 0.020

11[S]

lolF " Low specificity
Smallest capacity -

K, = 327 uM

Vipax = 0.15 nmol/min/ODggq

T T T 1
0.005 0.010 0.015 0.020
11[S]

High spgcifici‘ry
Large capacity

loIT, F-independent transport

Lowest s{gecifici‘ry P

Small capacity
5.0

25- /

K,, = 707 uM

Vpax = 1.83 nmol/min/ODgqq

00 T T T 1
0.000 0.005 0.010 0.015 0.020

11[S]
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Inositol stereoisomers

 1,2,3,4,5,6-Cyclohexanehexol 6@3
3 4

 Nine stereoisomers

* Natural ingredients found in
plants and animals

cis-inositol

L

5 4
muco-inositol

 Various biological functions
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L-chiro-inositol

D-chiro-inositol

1
£ 4/ 3  neo-inositol

scyllo-inositol




D-chiro-inositol (DCI)

OH OH

HO OH
OH

We need an efficient way to produce DCI!

 DCI lowers serum glucose in STZ rats, diabetes-
model animals (Kawa et al., 2003).

« A drug candidate for the treatment of type 2
diabetes and polycystic ovary syndrome, but too
expensive at present.




scyllo-inositol (Sl)

OH

They say “it can be a sweet solution...”

« Some types of inositol prevented the accumulation
of amyloid a deposits, a hallmark of Alzheimer's
disease. scyllo-Inositol treatment also improved
cognitive abilities in the mice and allowed them to
live a normal lifetime. (Nature Medicine on June 11,
2006.)




Inositol metabolism in B. subtilis

“myo-Inositol catabolism in
Bacillus subtilis.”

Yoshida, K. et al.
J. Biol. Chem. 283, 10415-24

NADH+H
(2008) OH OHOH OH OH iolG OH O 2KM|
OH @ \[ \/ T on
MI NAD" NADH+H™
iolE
Cell me brane
H,O
HO-C= 0 ADP  ATP o_c-q HO-C=0 2
H-C- H H-b-H H-C-H
Ho—E— H HO-E—H HO-E:;-H OH O
H -~ OH H G- OH H -C-oH
¢=0 £z0 <—= Ho- -C-H O ©

Dabeyr
S N To Rl loIB ¢ joID

H
H-G-OH HO-G=0 loIA 7

Glycolysis |— ¢=0 iolJ H-C-H CHzC-CoA ——3| TCA cycle
H-G-OPO 2 H-C=0 /\N/
H




Inositol metabolism in B. subtilis

“Identification of two
scyllo-inositol
dehydrogenases in
Bacillus subtilis.”

Morinaga, T., Ashida, H.,
& Yoshida K.

Microbiology 156, 1538-
46 (2010).

“Genetic modification of
Bacillus subtilis for
production of D-chiro-
inositol, an
investigational drug
candidate for treatment
of type 2 diabetes and
polycystic ovary
syndrome.”

Yoshida, K. et al.

Appl. Environ. Microbiol.
72,1310-5 (2006).

H
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OH OH NADP
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° OH ° OH \[ © OH
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OH QH OH OH /&j\ OH OH
G, —~(lolFy> ) -
H OH lo
DCI DCI 1KDCI
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H20
HO-C= 0 ADP ATP po_c=q HO-C=0
H -G H b H -5 1
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H -C- OH H -C-oH H -C- oH
=0 < g_o <= HO-C-H O o
H -C- p H .
1% joIC "TTM joIB " joID
H CoA
H-C- OH HO-C=0 IOIA 0
C=0 iolJ H-C-H CHzC-CoA ——
H-C-0Po 2 H-¢=0 / m
B 3
NADH+H"

TCA cycle
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O—P=— O§P—O' O
O | oy
O 0O SP—Or
O I 0
Rice bran is rich in O>\_p< O
phytic acid (up to ! O g
5% of dry-weight). T
O=P—0O" o—rr—o-
O OH

Phytic acid (known as myo-inositol hexakisphosphate
(IPs), or phytate when in salt form) is the principle
storage form of phosphorus in many plant tissues,
especially bran and seeds.



Inositol metabolism in B. subtilis

iolG >R om
Kor >
G

NADY NADH+H™* $loll

Rice bran

(phytate) &j OH QH
iolG 0 OH
1KDCI

Cell membrane



Inositol metabolism in B. subtilis

NADP
iolW
NADPH+H"
OH OH OH OH OH O
OH OH iolG OH
EEEEEEER } 4.% ( N
CH OH
Ml
NAD" NADH+H™*
Rice bran '
(phytate)

Cell membrane



Inositol bioconversion: from Ml to DCI and Si

lolG
1 lolX
DC| «— 1KDC «—> 2KMI +—— S|
HPLC analysis of loIG loll lolW
the culture media MI 85%
|
- : v
(oRont i0lG, ioll, iolX, iolW DCI5%  /\SI10%
iOlE4T) v | L / L
) :: o I‘-\,\i - e N - -
TM033 E | | | | 957
(TM030 + .- - iolG, ioll, k4, jst4-
AiolW)  + - 5% \O%
: | 85%
TMO39 .. _ _

(TMO030 + - - i0lG, st =5< jolW .
Aioll) : | 0% 15 Yo
STDs: - /\

0.5% DCI "~ -

1% Ml . - / ""1%
02%sl - - — A -

Retention Time (min)
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Agilent 7890N Gas Chromatograph

Column : CP-Sil 8 CB Low Bleed 30 m x 0.25 mmi.d.

Carrier gas: Helium

Gas Flow: 1 ml/min

Injected volume: 1 ml

Split ration: 1:10

Inlet temperature: 2300C

Oven temperature ramp: 800C (2 min hold),
15.00C/min, increment to 3300C (6 min hold)

Transfer line temperature: 250°C

Leco Pegasus HT Time-of-flight Mass

Spectrometry

Solvent delay: 230 sec
Mass range: 85-500 u
Scan rate: 20 spectra/sec
Detector voltage: 1650V
Filament bias voltage: -70V

Collaboration:

Dr. Tomohisa Hasunuma, Kobe Univ.



Detection of ions for inositol derivatives

TIC Inosos D-chiro- scyllo- myo-Inositol
e Inositol (DCI) Inositol (SI) (M)
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GC-TOFMS analysis of bioconversion media

MI &

Soytone
medium
_+_

1% MI

MI &

YF256
(iolR::cat

MI + S| + DCI (85:10:5)
iolE41) DCI 1

MI &
TMO033

(iolR::cat .
i0lE41 MI + DCI(95:5)
AiolWX) | DﬂCI

MI &
TMO039

(iolR::cat | :
olticar . MI + SI (85:15)
AiollX) 1 3

DCl s Sly, M
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(25 uM M1 |
25 uM DCI |
25 uM SI) - 1
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GC-TOFMS analysis of intracellular products

YF256 with MI

Intracellular | YF256 without MI
products (1):
With/without -
conversion
1 — YF256 7
IntraceI|UIar y LMO-S (For Sl conversion) { ‘
products (2): | TMI053 (For DCI conversion) { l| |
: f f |
Different _ i 1 a
N | | [
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] I
N N '. N » ;’l L | _ ,.-fl IL_
| DCI & Si ¥ ﬁ MI &
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Merci beaucoup de votre attention...




