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BEEE 0124
R H 5T A~y =h—n—1—V LRk SRR ORFELL

ra—=7
BEARECZ (REKRZE - AR FER)
)| Mm o (ERKZE - BEFHFEH)
JIBFEZERE (BKEKXZE - HEXER)
HEEER (RPERZFE - EHRFER)
[B8] ~ V=1t NVIEBEEBEED—D2L LT, EHOBREERGOME - B
HORBESEL LTEERIND. TYFXEIWAROTHROS 2 HICAT
L, V= b= NVOEBEBIVORHEZEZET DI L TRORENVEBELESICE
T EALEMHELETHD. ABROFT A ~ry=F—VEERKIZ
fructose-6-phosphate (F6P)— mannitol-1-phosphate (F6P)—mannitol TH ¥, % D&
¥ 1% MIP dehydrogenase (MIPDH):FS & Y M1P phosphatase (M1Pase)iZ & ¥ filt fif =
na. o, KE"Tévy:%—wAﬁ%mﬁ%%F%%Bm’b z
PRMABRZECFHABRIIZIVMOEDIIAET 27-0I1T1L, MIPDHB LU
MIlPase DERZFHNEIT L TN obEEZEDs a—=7 75>71<EIK'535 3. FxixBE
IZ M1Pase DT 2T L7720 T, AFFEICEV TiE MIPDH OFF &, BEER
DEHRETB LN/ n—=7 %2 B/ E LT,
[Hi - 8 - B8] AWF Tk PEG-MEZ M4 B, Sephadex G-25 L2 7
A8, Reactive Red 120 agarose ICX BT 74 =T 4 —7ra~ o777 4—,
BioAssit QIZ X DA A v R#H I u~ v T 7 4 —3 LU Sephacryl S-100 12 &
BENVABEEZRHEDEDFEICLY, MIPDHER Y VXV BEDOEEDRE
BEER L. TORR, BEE 50,957 ff (228umol-mg protein™ min) ® M1PDH
JERUE B 2B 7. £7- SDS-PAGE |2 XV, MIPDH |4 F& 53.6kD D E &%
bRABFURIBETHDIIENHAL Lo, ABROEEFEEIIRD T
B <, BRI T F6P » NADH %, BLRSTIEMIP L NAD DA 2 EEE
L7z. ¥/, 7¥¥XMIPDHIZSHERTHY, 612, Zn*ick b T OEME
NELLEEESNE. EHIT, KEED F6P BTEMICRIT 2 EEHRESEK
KiEME, E# pHSIE NaCl DFEICEVELLE/LL, EHICEOEIFEER
FRPYBEICLE - THEMT I ERGho7. T b OFEILT ¥ X MIPDH
WEEOLDTH D, RNERN F6P A G T 2 Ml A KR AHEES NADH)
FPHETEIETREBIVARLLOERA P LG LTy ==L DER
REZHHICHAH L TVWAZLEZRLTWS. BAE, N KERBLUOARET I/
BIRFIO1ES & ABERICH RN FIME % /ER L, cDNA HERF DR EZT -

QAR
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BhEES 0124
mﬁﬁﬁﬁmﬁﬁiévyz%~w—1—vV@%K%ﬁ%@%@
rra—=y7 :
BhRARgeE [ AT GREKE - EMFRER)
SRS ) GF (ERRE - REBRRED)
JERDEERE (FKERS - B UEFER)
HiasEE (LERE - APRER)
1. BFEB®

< = P ARERRTRLELSHTEAFY P—LO—D2THDH. ME
PEEBLVRABY Ty = F—MIRRRE LTHE, bLEA~TH
HEICLVARSEN, —HOFEHENTITEEREL L TERSNDII LR
mbrhTWNE. —F, EHREETIE, v V= M VEERBERGVEL LT
BELTVWAZLEAHELNERS TS, EZATAFETHNWET ¥FX
Caloglossa continua (Okamura) King et Puttok IR LUE O KR BRI A <
RONZEEHN 2cm O EENFAA FZXBICETAIRERETHS. MOKIC
ABELTWAEDEOTFEOEEL ST, WERFICITEARE, THEIRICER
ABELVOEEBEVWEBREZEICERLTVS. 512, BO3 &2 RET

BAE»DELICEHT A L0 b, mBEREBIIHLTEMEZALTVD.
— R, MAEY OB ESEE & LT heteroside floridoside <% digeneaside 2340
BRTVWER, T¥EXBIIFISMMNIC = b L2 BEEEL L TEETS.
FOED, KBEIBEICB T A~y = F—AAREEORE DO REME L
LTl BAnens. BETIE, v =hbh—/VIiX fructose-6-phosphate (F6P)—
mannitol-1-P (MI1P)—mannitol DR TEHEK S, £ L4 MIP dehydrogenase
(M1PDH) ¥ X U8 MIP phosphatase (M1Pase)iZ & = THRffE T\ 5 (Fig. 1). —
%, BEEHDO~ = b —VERK

Fructose-6-P
wanﬂ:’ BETE~y = VORTERET
1Somerase
NADH ADH &5 MI1P |X Mannose-6-phosphate
MIPDH  Mannose-6-P (Man6P) isomerase &  Man6P

NAD NAD
/ dehydrogenase = & 0 F6P 22 5
Man6P DH

Man6P %# B L TAER I,

Mannitol-1-P
MI1Pase MlPase 2L W <= v =F—b~fX
P HEn5BFg 1) oT, U=
Mannitol _ P -
FiG. 1 Proposed pathway for manmitol biosynthesis in PV EGRGEER Z@EETAER
photosynthetic organism: ST T o CEBEMCRETS D
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LM EN E S FEET 556, MBS TO~ = F— L ARERfS
TEFRDERBVEEZLONDZ A5, MIPDH 23— K43 miD (KB
EHE¥R) REASNTCEEFHEREZEY B IER S 71TV B (Tarczynski ef al. 1992).
LaL, ZTOMEEITZTRS LIZFE LT, ERLCICEIERZIWMEEOR ERSLE
LEIND. FOREDIZIEET, MIPDH ORJSARM TH D MIP v~ = h—
JVIZE#3 B MlPase @E{E?%glﬁ_é%gﬁ&)é. M1Pase |22V TILERR
12 FEDOY NV N A 0 AR E BRI , KEREDTITID T
MilPase Z HEfL, BEEZMEB I U0SH ?E%%EVJ% éngﬁﬁ,ﬁb) 1295 LRz,
v = h—VOAERAFMHICB VT MIPDH REERBREZRZLTWBEZ &
Z B & 222 L7z (Iwamoto et al. 2001). RN TIEIE 4« 2B RIS ELHEICEZE L
HoTRFAZUAPRELNTNBRI ENnD, o= b —IVAARRKTEA
TAHABAETYH, MORMEEEZEE L2V LRBEE2REMEORE, b
LIEEOM EICoRRE L EZ NS, ZOAICBVTEENAO Y= b
— VR THWVWSHILS MIPDH TiX, BEOHEX L R IZXIG LB~
= F—VOEKATHITETLZ ERHERVWETFRHENS. TORD, BEAE
@ MIPDH ZFHMICTHFRATIMERH S L BoND. T TANETIE, LE
MAETFXX LD MIPDH ZHBEEL, ZOBRZNOBEHEZHLNITE L
3£\Z, MIPDH IZHEEMRFUEDERC, NRER I ORI T 2/ BESI OfEH
CHERBHS VRNV BEE/DHILT, v P LARBEEERTFEAILL
ZHERAEMOSFERIIFEETSIZLEENE LR

2. BT
2.1 #E

T Y FXNETFTERAFIIF A OWRABIZIBWT, FIERELEBICETT D
BEZTHICBITOKE»L OB HRICERLE., BEIEDICEREICED
By, RELRKEDEZBOERNE, T4—T7) —F—(-80C)TRE L.

2.2 MIPDH D&

ETOBEEREBEEIZACTYH LKF TITo7. BIE 100 g 2 MH BEER
& LT300 mL ® 1 mM benzamidine-HCI, 10 mM_6-aminocapronic acid, 5 mM
MgCly, 2 mM Naz-EDTA, 4 mM 2-mercaptoethanol, 1 mM phenylmethylsulfonyl
fluoride, 1 % (w/v) polyvinylpyrolidone K-90 (PVP)% & ¢ 500 mM HEPES fEE &

(pH7.0) BIVDEBOEED LA ICEBAHZANTHEBELE. 7L, PVP
@ﬁmir&@%@@tﬁmﬁﬁ%ﬁ%%@ﬁ?ﬁ%@éﬂtﬁ@,W@@%
FIHET2E Bg) ZHRE LTEMLE. BoNnBERIED 6,000xg, 10
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min OENIZE D EEEZEZHE, 50 % (w/v) polyethylene glycol 6000 (PEG) %
&bl AR EIR (7275 L PVP X2 272 £V T PEGBEY 12.5 % (W)
L. SHIT, ZOBEKICI12% WMERD LS ICEERRZME, BHE,
020,000k g, 20min) L7z, BLICEY 742 BY U F NI EBREDORMEY
T EEBICBITL, MIPDH &R TEBICEMI N, TEZENLZhEZ
PEG/AS Efh & L7=. PEG/AS &%, Buffre A &£ LT 5 mM MgCl,, 2 mM
Na,-EDTA, 4 mM 2-mercaptoethanol, 20 % (v/v) glycerol Z & Z¢ 50 mM HEPES
ZEE (pH 7.0) TEH# L L 7= Sephadex G-25(Amersham Biosciences ££) % A\ 72
FBBEIC L D BB 51T o 72 %, Reactive Red 120 agarose (Sigma #) 12
AT 74 =F4—su~ T T7 7 =l Liz. ZDHE, 7 A%z Buffer A
TE#{k L, M1PDH % K2R F S ¥ 7=, Buffer B £ L T 5 mM MgCl,, 2 mM
Na,-EDTA, 4 mM 2-mercaptoethanol, 20 % (v/v) glycerol % & i 50 mM
bistrispropane FEE K (pH 7.0) T#E#r L7z. MIPDHJEMEE 4 (% 0.5 mM NADH %
&%e Buffer BIZL WEH L7z, £, {EMEES Z TSKgel BioAssist Q (Tosoh
HEAWERAAVEER I o N 57 =2t L. Buffer B TH 7 A%
¥ L7, MIPDH % 0 mM 75 500 mM @ NaCl # & Buffer B2/ 77 4 =
NETEE L. EME 4 % & 512 HiPrep 26/60 Sephacryl S-100 HR (Amersham
Biosciences ) F AW F VA B n< N 7T 7 4 —iCt L. TR I VEH
121X Buffer A 2 AV, Bon-EHEESZER L, BHEERELL L.

23 VEMRIE

MI1PDH fEME T F6P D MIP ~DETIZHWVWIEE & b NADH D4, & L<
FXMI1P O F6P ~DEE (LI 5 NADH D A % 4 KA FRITHRIE L7z (Tkawa et al.
1972). # 1 /%7 B E X Bio-Rad Protein Assay (Bio-Rad #b) % AW THRIZE L7z,

24 ERIKE

HEFOF NI BEDOHHICIE SDS-PAGE Z AWk, kEB®OIVE
Coomasie Brilliant Blue G 250 | & % CBB Y& F /- iXEREaTRAEL, F N7
B % A4k L7z (Iwamoto et al. 1996).

3. HrERER
3.1 MIPDH DfEH

BEELBRICBIT B HEE DL % Table 1 1R L7z, & #&BIIZ Sephacryl S-100
WCEBFASBOREE, HEHIEDR 50,957 f5Ic¥ T MIPDH BB E =7z,
REELEE S KfEIC EF L7z #EIX, PEG/AS £LHE & Reactive Red 120 agarose |2 &
BT T 4=TF 4= 0T TS5 T4 —Thote. ERABHBEICLY, K&
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B B\ e E #E(227.8 pmol - mine - mg protein) R TEREZEL NS LNE
(Table 1). ZXiXHMEE L 5 PEG/AS 4LE, Sephadex G-25 12X 3 7/ A1,

% L T Reactive Red-120 agarose (IZ X AT 7 4 =T 4 —27 R~ N T 7 4 —LfF
BEREOETICE> TRIEEN ER, 2 VEBRAEELINZEDEEZ 2D

Table 1 Activation of M1PDH from the red alga C. continua during the purification steps.

Purification Total protein  Total activity ~ Specific activity’ Recovery Purification -

Step (mg) (umol-min™) (umolmin™- of activity (fold)
mg protein™) (%)

Crude extracts 662 18.4 0.004 100 1
PEG/AS 283 998.4 0.567 5419 127
G-25 249 1731.8 1.118 9400 250
R 120 6.00 4672.0 125.1 25358 27999
BioAssist Q 0.83 1363.2 263.4 7399 58915
S-100 0.70 992.2 227.8 5384 50957

5. Sephadex G-251Z K27/ A@IZE > TH MIPDH HiEMHIL T Z &2
b, ZOEEMICITHMEHBRTICHFET 2EEEEZE T 2B FROOKRE
NEzxbhl., LrL, TOEDT 74 =T 44— < 774 =280
BIZREENEFELEZZ DD, LVOFEORET VRS BEEEEIZEEL
TWEbDEEEIND.

&5H1Z SDS-PAGE 1241V, AFREIEICLY, MIPDH iZBE—Z U RI7E N R F
BNDETICREIN, S Ta2=y PG TFENFKS3.6kD THD Z &R

A 1 2 B C
5 100 100
97 - 21 S <
66 é i é | ANB
c ' M1PDH\,C
45 5 [MIPDH 5 52110
5 |(53.6kD) \d ER D
30 - s | €
= =
20 10
0 0.4 0.8 1.0 1.5 2.0
Relative mobility Ve/Vo

FiG. 2 A: Estimation of molecular mass of subunit (A, B) and native forms (C) of M1PDH from the red alga
C. continua. A and B: SDS-PAGE pattern with 10 % acrylamide gel and estimation of molecular mass.
Molecular weight markers (Lane 1): a, phsphporylase b (97,000); b, bovine serum albumin (66,000); c,
ovalbumin (45,000), d, carbonic anhydrase (30,000); purified enzyme-(Lane 2). C: Gel filtration of Sephacryl
S-100 column. Molecular weight markers: A, bovine serum albumin (66,000); ovalbumin (45,000), carbonic
anhydrase (29,000), and myoglobin (17,600).

Enfz (Fig. 2A, B). F72, Sephacryl S-100 |12 X % 7V 515> & Native 7 F &
0% 52.1 kD (Fig. 2C) THVH, Zib Native 3 FEBLNY T 2=y b 5F
EDHEENPD, ABERIIEERTHEEL TCVWDIZERALNERoT.
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32 MIPDH OEERFRIFENEE
321 &M, EEHMERIVOEE pHIZBXETHOER
120 MIPDH JEHIZI T B E O EM
100 » WCEED EEBERNTL T A, KB
?@?0) MI1P B&{LiEMEMIP—F6P) X
NaCl BIIC L > THIF L A LEE
HENZEAL LR b0 7208, F6P |
Ox (NaCl) | VE 4 (F6P—M1P)IE NaCl & D H D
0 , . , WMz Z v EEILESh D Z LD H
20 50 100 150 200 by & 72 o 72 (Fig3). Eo&kKIE
Fic. 3 The effects of variou[sn?slagg on the activity of i, 50 mM D NaySO, 3 &L TF
MIPDH purified from the red algae C. continua. The (NHy),SOs 7F7E T, 100mM~ 150

activities were assayed in 5 mM Bis-Tris-Propane buffer,
pH 7.0, with 5 mM F6P for the reduction, and in 5 my M NaCl FETTHELNT.

Bis-Tris-Propane buffer, pH 9.0, with 1.25 mM MIP for MIPDH O E’Eﬁﬂ] /l‘i %Eﬁ e

the oxidation (OX). = s =

LA, KEZOEBHRMME L &

FIEMEIE NaCl O & 0 45 2 & 340> o 7o (Table 2). HFIZ, F6P En
EMEIZ BT B FEP I+ 2 EERMEDET, T2 b b Ka(F6P) D RIZEE T
H 0, 200 mM NaCl TANIZ & 0 F OB 1/9 12 F TIET L7z, FoP EiEME
28T B Ku(NADH)IZ F6P EEE A 0.5 mM 8 £ V5.0 mM QW FLIZB W TH 200

80} /

F6P reduction or M1P oxidation
(wmol *min! »mg protein!)
a
[e)

Table 2 The K- a0d Ve values for the F6P reduction and M1P oxidation by M1PDH purified from the red
alga C. continua. The activities were assayed at pH 7.0 for FE6P reduction, and 9.0 for MI1P oxidation.

Substrate 1 Substrate 2 NaCl K for substrate 1 Vinax
(mM) (mM) (M) (umol-min™'mg protein™)
F6P reduction
F6P NADH (0.2) 0 147.6 121.8
F6p NADH (0.2) 200 1325 158.2
NADH F6P (5.0) 0 2.9 22.8
NADH F6P (5.0) 200 1.9 97.9
NADH F6P (0.5) 0 42 433
NADH F6P (0.5) 200 4.9 14.8
M1P oxidation
MI1P NAD (0.2) 0 51.9 33.9
MI1P NAD (0.2) 100 13.9 39.9
NAD MI1P (0.5) 0 26.0 32.8
NAD MI1P (0.5) 100 56.7 38.7

MM NaCl BINc k2 BB Z 0o, SBICFP IR+ 2 EERE KT
Bt , FEPBIEIEMIL NaCl REMENTWRWEE, 1 mM Bl ED FEPIZ &
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DEZEREZZT D52, 200 mM NaCl FEFICB W TTEBRENHE LTS Z
ENG o tm (Fig. 4A). —F, NADH BEZ(LICL2EEBREEFIRD bh T,
NADH IZRf3 2 EBEHRMEDOE( S R bnzd > 7 (Table 2, Fig. 4B). 7=,
MI1P BB {EIEMEIZ 2V TIE, 100 mM NaCl HiRANC X 5 Kn(M1P)E £ T Kn(NAD) D
BB RO, F6P BRFEHICEALEES, ARERBEOE(IC L B3EM
EENTZNIE ERE WV O T2 2> 5 72(Table 2, Fig. 4C, D).

%72, MIPDH O£ pH i3 EZ (F6P) REIZ»»0 6T, NaClHEMZ LY

>
o]

100
,"'5 100 :5\ ‘
-8 +200 mM NaCl . 4‘5 5 mM F6P, +200 mM NaCl
9_ (=" o o,
S B oap
£ E 2 g 0.5 mM F6P, -NaCl
27 50 g4 30 at o -—o
JaPrE=) .=
o g8 & g .
B = 5 mM F6P, -NaCl
g E —
3 §. m—
. = 0.5 mM F6P, +200 mM NaCl
0 , L . A
0 1 2 3 4 5 0 005 01 015 02 025
[F6P] (mM) [NADH] (mM)
C D
E30f +100 mM NaCl E30) +100 mM NaCl
Q
3 =9
S a S a
T S oo
g E -NaCl T E
° % 2%
Ay =
SE S E
3 10 3
g ﬁ E
3 3
0 : : : : 0 : : :
0 1 2 3 4 5 0 005 01 015 02 025
[M1P] (mM) [NAD] (mM)

Fig. 4 Kinetic analysis of M1PDH purified from the red alga C. continua. The activities were assayed in 5 mM
Bis-Tris-Propane buffer, pH 7.0 for the reduction, and in 5 mM Bis-Tris-Propane buffer, pH 9.0, for the
oxidation with (closed symbol) or without (open symbol) NaCl. A: the F6P reducing activity versus the
concentration of F6P. B: the F6P reducing activity versus the concentration of NADH. C: the M1P oxidizing
activity versus the concentration of M1P. D: the M1P oxidizing activity versus the concentration of NAD.

EpH2B pHT7.0IZY T ML, ZOMEMIZFP REDN 0.5mM LV b 5mM D
BE, LVEZEThoT-(Fig. 5). —7F, MIP BALIEMEIZ OV TiE NaCl NS
HIZRBNTHER pH 1 9.0 MR L7, L EDOFRLY, MIPDH @ F6P ET
TEMEIE NaCl OFEICZ Y EEH MM ICNL, EEpH b EE L, A Z
ERHBNERRoT.

3220 MEFBLICEEA F LV EOEE
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150 A - B
+100 mM NaCl

p <'%‘\;2,

4 \@\ %

/ W \’
L B B,
/4100 mM NaCie

&

(4]
o
T

P +100 mM NaCl|
2 " “\:&P . S -
A p-cg g

i
4200 mM NaCl NaCl

(pmol-min-!-mg protein™)

F6P reduction or M1P oxidation

5 6 7 8 9 10 5 6 7 8 9 10 11

pH pH
Fig. 5 The pH profiles of the F6P reducing (closed symbols) or M1P oxidizing (open symbols) activity of
M1PDH purified from the red alga C. continua. The pH values of the reaction mixture were adjusted with 5
mM of Bis-Tris-Propane buffer. A: 5 mM F6P or 0.5 mM MIP was added as substrate. B: 0.5 mM F6P or
0.5 mM MIP was added as substrate.

MIPDH 1% SH BERE DO EFA & L TH 5315 N-ethylmaleimide (NEM)=°
p-hydroxymercuribenzoic acid (p-HMB)IZ L V@< fRE sz, £72, p-HMB IZ &
HIREZRIT SH ZDREH & LT BN D 2-mercaptoethanol DFFE T TITIE
W L7=(Fig. 6). &B2Mfi( A4 DFT, Mg™, Mn’¥ X U Ca® 12 M1PDH V&
WCEEET, I I3ABERENEEZZE L < A% L7~ (Table 3).

323 EEREME
Table 3 Effect of various metals on the activity of
MI1PDH purified from the red alga C. continua. The ABESE OB R BAAEITHRD T

activity was assayed in the presence of 100 mM NaCl
and 50 mM Bis-Tris-Propane (pH 7.0) with 5 mM F6p 1 < , F6P BET{EMEIZ DV TIX F6P

and 125 mM MIP for F6P reduction, and MI1P
oxidation, respectively. The actwlty in the control was & NADH [, M1P E&ﬂﬁ%f Lon

86.0 and 11.0 pmol'min’mg protein® for F6P z
reduction and M1P oxidation, respectively. THEMIP & NAD IZRRE 4,
Glucose-1-P iZEE & L THIAH

Metal Reduction Oxidation
(1mM) (% to control) SN &Gy o Te (Table 4).
MgCl, 100 100 o
MnCl, 100 - 4. BE
CaCl, 100 100 AKFRIZBWTHET FX X
chl?_ 5 0

® MIPDH DEE£FHENER LN

7. —RE9C, MEEBEEZEC T abv ) UV EUNIBEREREEES, TND
REROBEL RS Ehb, BUICEEEREENES . S0, HERIED
—BBIZB W T PEG/AS B E2IT o722 LT, BHFZ VU RRIELRKMEME D
SEENRTIREL RV, FOZ EBRBERERIO—RAE Rk EEXLND. SHIT,
KFERIZBITAEMEN OEMNERD MIPDH # VX7 BORBERZAEIZ LI E
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A L L T, Reactive Red 120 agarose ® AN T 7 A =T 4 =27 B N7 T 7 4 —
BEMThHo=Z e bIFbiLs.

APFRITEREWIZEIT D MIPDH
BROMODTORETH . EREDLL
4@ MIPDH IZ2WTik, EMHME O
Escherichia coli (Novotny et al. 1984)<
Brochothrix  thermosphacta (Singh and
Rogers 1993), 8 D Aspergillus niger
(Kiser and Niehaus 1981)%° Cryprococcus
0l 0.5 1 (Suvarna ef al. 2000)%F TEEEEN 2 I 1L
‘ Inhibitor (mM] T\ 3 ffi, MIPDH D#EEF miD HH &
D o e o1 sl C. eomtma, The D172 2 TN 7R £ FEME RS
activity was assayed in the presence of 190 RSN TIND. XBICHEE, ¥ AT

mM NaCl at pH 7.0, and 9.0 adjusted with

Bis-Tris-Propane for reduction (red) and  +> - A

oxidation (ox), respectively. (a) p-HMB (red); V=7 ML Salmonella %\ < OZP@
(b) p-HMB (0x); (c) NEM (red); (d) NEM  RES C mrID N WwWa., Z 1
(ox); (e)pI—]l\/]B(red)mthepresence of 2.5 A T mtlD 2 ERSNTND Nk
mM 2-mercaptoethanol. The achmes in BXEALEWDO MIPDH LHEBET ¥YXXD
control  were 91.3 and 18.3 pmol'min’'mg

protein” for F6P reduction and M1P oxidation, MI1PDH L OBEEIZOWTIEREHATSD 328,
ively. e N “
respectively WECEED MIPDH OF 7 2=y b5

Table 4 Substrate specificity of the MIPDH purified FEXW TN HIFEIE 40kD ThH o

from the red alga C. continua. The activities were iz .
assayed in the presence of 100 mM NaCl at pH 7.0 and feoiZR L, T¥FX MIPDH O

9.0 adjusted with Bis-Tris-Propane for reduction and HTa=y S FEILS3.6 kD T
oxidation, respectively. .
Activity (pmol-min™‘mg protein™) o T LR (Fig 2), BRFHHE
Substrate Reduction Oxidation HENKESBERBRZ D, T
(5 mM) NADH NADPH NAD NADP .
¥ ¥ X MI1PDH |ZEE&© MIPDH

100

50

% to control

Fructose-1-P 0 0 0 0

Fructose-6-P 84.32 0 0 0 LIRZRBERRICITAEEELE L
Fructose-1,6-BP 0 0 0 0

Glucose-1-P 0 0 0 0 5.

Glucose-6-P 0 0 0 0 MI1PHD @ = ,é o)
Mannose-6-P 0 0 0 0 R FH ;g_ E
Mannitol-1-P 0 0 1334 0 W, BB R LSO AR
Sorbitol-6-P 0 0 0 0

=) &bé&, ném%:é%,é@ﬂﬁ, AU

# Platymonas (Richter and Kirst 1987), 8% Spatoglossum (Ikawa et al. 1972), B&
UMTHE C. leprieurii (3T ¥ X, Karsten et al. 1997) THENHS. MIPDH D%
BRERMEZONTIENWTROLE Y B kD MIPDH i) TE<, F6P BRI T

NADH & F6P, M1P B2 (b Fis TiE M1P & NAD LIS EIHZEA L RS LRV Z R D
NTWAR, KFETHW-ZT ¥¥X MIPDH IZBWTHREDHEEBHERTE
(Table 4). ¥£7=, SHER THAABMOEN D MIPDH DHEBLE—HKL TV, 7¥F
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X M1PDH O E @ pH 1% F6P B GBL T MIP BL G TlE& 2« pH 7.0 8L
pH 9.0 THh-7=(Fig. 5). A8 ¥ Spatoglossum O MI1P E&ft /s Tik pH 10.2 25
DELEIRV pH BN R ESN TV BB DD (Tkawa ef al. 1972), fiLdd MIPDHIZEW
TIZ F6P 1B TR Tik pH 7, M1P BB{b BG 1L pH 9 (F3TICEE pH 23RS THRY,
FRERL—F L. LL, 7F¥FX MIPDH |28175 NaCl (ZL5 F6P EIn/Us D
EMELRPEE pH O B I OEBEH MEOEIZMOEH D MIPDH TIERES
NTEST, BRI FICRBWTELWEREEMICIOEINLT YR XITHFEBI TR L
LT ETEA(Table 2, Fig. 3, 4, 5). ME—, #1252 MIPDH OIEMHAMNR T TV
Platymonas THESNTWAD, Platymonas TidZE# pH DL Kn EDZEAL I
&£ XN TV (Richter and Kirst 1987). & Z A TAEER OVEMEILI NaClIZ & 0 &
ft & 7=(Fig. 3). ZOEMLIX, EE pH OE{L L EEHMME, NaClREB X
CHEECKE LLEEREOFENEHEICEBS LTI DLEZLND.
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BRI T A2 00BELEZ NN, EEREAMOELSEEREOFE
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¥, BEOBBRTHLIPORFAABEEOFEMERMIIEELTVD I & bRg
Shi. T b®Z Ld b, MIPDH [ZEMESMEARHEEECE Ty =k
—VEAERERETIFLNEEEZRLZLTVWEEBEZLND. 5K, v =1
—VEAREEEGETFEEAL CMEXERE S TEET 256, MIPDH & LT
TY¥EXMBEDO MIPDH ZEATZ Z LT, MIENOKY 2 RERB-CETA
DERIZHIE LIz = h—LVEEBIMTOND L NI FIRREZLND.
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Summary

Mannitol, as a compatible solute, acts in plants as osmoregulator and
as storage substance in bacteria and fungi. In the former study, the authors
suggested the importance of mannitol-1-phosphate dehydrogenase (M1PDH)
for the efficient regulation of the biosynthesis of mannitol in the red alga
Caloglossa continua (Iwamoto et al, Mar. Biotechnol, 3: 493-500, 2001).
Hence, in this study, we attempted to purify M1PDH to characterize
biochemical properties of the enzyme and to obtain molecular informations
much as the cDNA sequences of M1PDH in the red alga C. continua.

The enzyme MI1PDH was purified by the combination of aqueous
two-phase partitioning method with polyethylene glycol-ammonium sulfate,
gel filtration by Sephadex G-25, affinity chromatography by Reactive Red
120 agarose, anion chromatography by BioAssist Q, and gel filtration by
Sephacryl S-100. The enzyme was finally purified 50,957-fold, and its
specific activity was shown to be 228 pmol'min! mg protein'l-. Since gel
filtration and sodium dodecyl sulfate-polyacrylamide gel electrophoresis
gave close values of apparent molecular weights of 53,600 and 52,100,
respectively, the enzyme was shown to be a monomer. The substrate
specificity of the M1PDH was very high enough to metabolize only F6P and
NADH for reduction, and M1P and NAD for oxidation. The enzyme was
inhibited by N-ethylmaleimide, and p-hydroxymercuribenzoic acid (pCMB)
and the inhibition by pCMB was rescued by the addition of
2-mercaptoethanol, indicatingthat the enzyme is a SH-enzyme. Zn2* strongly
inactivated, however Mg2*, Mn2*, Ca?* did not affect the activity. The pH
optimum for reduction was pH 7.0 in the presence of 200 mM NaCl, and it
was shifted to under 5.0 in the absence of NaCl. Moreover, the kinetic
analysis of M1PDH revealed that the affinity of the enzyme was greatly
affected by NaCl. These findings indicated that the M1PDH activity was
controlled by F6P concentration and also influenced NaCl concentration.
Hence, it could be said that M1PDH is the key enzyme for regulation of
mannitol biosynthesis in vivo.
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