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20
Bh A5 0020 | ‘
A HS T A~y = bV AERBEERER O/ 0 —=7

BIEIGE ak W RKE  EWREER)

ERBRE B (FRAZ REEEEE)
JiED g (KE K HoA TEEH)
HE EE GERE APPER)

[BEH) BETFEARCLY vV = b —VAEGRE TNVT F—Z—6-1 VB
BrEAEDCHEL, BEEZMNTIHREC | B

<< .~ NADH
BT, BEKELZETKBRE~Y Y= F—1-1-Y ‘ M1PDH
VBT e FusFr—YMIPDH)ELEFO AR E
AShT&E7. LrL, ZOmMEHEIKS, EH

s e
NADH — P NaD

v = h—t-1-U VR

CIXERLMEEOR EBSBEL ENDL. £OK (M1P)

DITI, v v =bh—-1- VBT R T X —E :

(M1Pase) #EAL, R#FEZ LY EELT S MiPase
BERHDLELBND. LI5H, MlPase (T N b

BT 5aRIZZ L, YW TIE M1Pase DEET v

BFES 50, BROBHE - BETLREShT cv= R

WA, B D CABIE TIARMEAET v X L B0 Y= bV aRoRE
D MlPase ZH# L, MlPase Bz FTD 7 m—=V JICHRERGFEVENE
e/ BRE LK.

[FE-ERE- -ER]AESR L PEGHE o8, %% E, Phenyl-Toyopearl,
Butyl-Toyopearl, Sephacryl S-100, Mono-Q 3 X T" Superdex200 i X 2 %%
ra< 757 4—2Xb SDS-PAGE ECHEH— NV FERTETITERSH
. TORER, ¥ 7a2=y FyFTE 30kD DHEENLRDZFVANITETHD
TERBELNERoT. R, HEERIT 48 THY, EEpHIL 7.4 Tho k.
AEEZE T M1P 28EMLREBE L, TO KufEiX 041 mM &R L. %7,
ABER OTEMEICHE M2 2 M E L L, #IT Ca?, BBED NaClE v =1
—NVIEEREEZBEE L. UEORERIL, 7YX XD MlPase Bz FEEBICE
ATHE, UTORERDEZLE2RLTVAE. OFMEEICER pH dH DT
DHEE CEEREEINLIO~ = bV OERZMEEICHET DI ENT
XZQEEHERENFNVI LNOMORMRICEELEARV@OT 1 — K3y
JEHEEICIVEYEDT = P ADBELNS. :

BHIE, NEBRORTT I BESOBEHRLEABICHEEN2ULELT AV
T, 7¥¥X MiPase ® cDNABEFRFIDOREZIT->TND.

_64:_






12 14 3

20

Bh k%5 0020 |
NEHEECHEET A~y = b VASKBEEREEETFO
ra—=7r

BIRIFZE B ¥ GREKYE 4ABRER)

HFABFEE ) RF (ERAYE REESRZHN)
JED 3R KBRS #HE L)
B Bl KR EBHER)

1. BFREM

WA, AR Z2ERSCHERER LA AkEO EHICXY, 2L oLET
EEREREL, TORE, HHEHOBESAEICET LTV, T0ED,
£, FREDCTHEESEEZMETS, &L RIILT 5 2 & THERO D
XIS T DRABRENTND. BfE, TOEKE LTUTO 5 2OFERE
2B TWV5 (RAE, 1999).

ONa A &> O¥ha - Mfash~ o 5B EE O #E58

@Na A A > Fe A M AE 00 3L

OBFFAGEFICL2HER M VRMMED R 47— R

OEHEBEEEREE DB

@EFENEZ Ry B REOH S

OBBERAGME S RED S |
mch “BEERGWE B0 “HARE” LMThALTREMSL, B
ERKEL, RERICEEPRESRAVHEDERRFZEDICHET B & T,
MEHEEZMAHMT 22 ERNRBENLTHNELEE LN TWS (Tarczynski et al
1992). £, BEFHEAIICL o TREA 2270 Y Y, RYF—VEEDOE
A EA LB RES N, THEERF E LV IMERZSN VD (K
A, 1999). AFFRICBIT A2~ = b —AERICEL TS, BExFHEBEIICE-
Twr= bR EBELER LEEYRIESNL, HEBREOHRENRELNT
W% (Tarczynski et al 1992). L2 L, FOMEMEE, KBS LEEFE LT,
ERICEERIMEEOR ENKEL ENS.

V= b A BRREF N ETEEE, SECORETHYI = F—
SHRKEDH B, MIPDH (KBEREK) EETOAREAShTERL. T0K
W, M ETIEMIP b~y = h—A~DOREIE, FEENR T+ X772
—ERRF L TNDEE XL TS (Tarczynski et al. 1992). L2xL, FE%F
BT+ A7 7 X — P CREZOEAEREES~Y Y = P —LORES, FEHE
BRERDDL. LER->T, EdmEERLEDOREDICIE M1Pase B FOEA
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RUBELEZIBNS. LI L, MlPase Do FREHRICOWVWTIE, EFICR-T,
EHEMAEYT Y aLy S L7 YD Eimeria tenella \IZ8 T cDNA EFIPA RS
FUANGEES VAT EORBEEED T2 FHORKETHS. £k, E
tenella ® M1Pase ICHOWTHiE LVERZMNMEIIVWEL RS A THRY
(Liberator ef al 1998). £ Z T, AHFATIE, HEHHENKD M1Pase ZIFH -
HEEL, TOBMEBEFHBIOCSTADFHEEELZH L MICT S &I,
M1Pase IR FEDERC, N KRB I ONEHT IV BESIOMHAE
DNAVa—=r 7 2HE5T2FREBDIZLEZENE L.

2. BrESE
2.1 ## _

WEEDHEAXABICBT A7 ¥YXX (Caloglossa continuma (Okamura)
King et Puttock) ZTERAFNIWATER L. 7¥XFXUNDOBEERE
KRR EBR O BRWEE, FRATAETT 4 — 77 Y —¥— (-80C) TREL
1.

2.2 MilPase OfF

FER 300 g & B % (wiv) B2, 1% (wiv) polyvinylpyrolidone K-90, 1 mM
phenylmethylsulfonyl fluoride , 1 mM benzamidine-HCl , 10 mM
6-aminocapronic acid, 5 mM MgCla, 2 mM Na-EDTA, 4 mM
9-mercaptoethanol (2-ME), 500 mM HEPES-KOH (pH 7.0) % & deiH A
BEEE 900 mL PO L%, L EEE B, & OMAhHE Z polyethylene
glycol (PEG) -FiE % A\ 7= B/l (Nakamura and Tkawa 1993) 2L 9
EERIVATAEOFENEBRE, HELWLE (9 %—100 %HF) %,
phenyl-Toyopearl 35 & U butyl-Toyoperal IZ & 28K vn< b7 T 7 14—,
Sephacry 18100 (k27N 52 0~ k757 4—, MonoQ I & B&A 4
VA u~ 757 4 —, £ LT Superdex 200 HRIZ L B X NVABT T 7 4
—ERITHZLICL D REERER/T.

2.3 TEMERIE

M1Pase DIEMIE MIP O~ v = h— b~ ORBFI VI H S 5 tERED J >
BELYEET AL CHIELE (Ikawa et al. 1972, Saheki et al. 1985). #
NI GBIEEFAELZAVTHEE Lz (Iwamoto ef al. 1996).

9.4 BEKE), LA
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SDS ERWkE), vVZXF T uv T vy, RERBIEIEEIZK -
(Iwamoto et al 1996). FERAEBEKKENIEE/L pH ¥ LI2 XY, EEHAER
KBNS R T A% AW TIT o 7= (Multiphor IT; Amersham Pharmacia Biotech).

2.5  H1L M1Pase I 7E D ERL

KEBLL MRS N7 B SDS BRIKBIC LV S HIcER L%, sisd 5
RTF IR REELINVET Va2 b earyF I —MEERML, EALEY
FORTICERLE. —7 A%, RRICEAR Lz M1Pase-7 V230 ko A
aryFY—rEEAL, HEE, RERLETVWREOCHIMERNE L. Z O
fEZ Ny ERTA2ETHRIVELEE, 20 Z2TWVWHRNLELZEL.

2.6 N Rk IUHNET I/ BRESIORE

T X ) BEFIZRET DD, 7V —7 72 FiEEZ AW T M1Pase %l
REJICHOMEL, RO DO NRREOT XV BEFIZHRELE. NERFERB X
CANET I/ BESNE= R fBIC X VKRBT I BEEE - o +52 &
T4T 7= (Iwamoto et al 1996).

3. WrFEEKR
3.1 MI1Pase OfEFH
A Fraction # B
4567 8M
500F 100
) S50
] 2
~ g100[ g
3% g7 5 3
, 88 '_E] % .i.; M]1Pase .
<S5 &3 M1Pase = (30.2kD)
1.3 (28.5kD) D
PPV 0+§ 10 I | 10 s
15 ) 20 ST 1.0 L5 20 0 0.5 1.0
Elution volume (mL) Ve/Vo Relative mibility
Fic. 1. A: Elution profiles of the M1Pase activity and protein from Superdex 200 HR. @,
MI1Pase activity; ---, concentration of protein. B: Estimation of molecular masses of the

native form (left) and the subunit (right) of M1Pase from C.. continua by a gel filtration and
SDS-PAGE, respectively. Molecular weight markers (kDa): A, apoferritin (443); B, alcohol
dehydrogenase (150); C, egg albumin (45); D, myoglobin (17.6), a, phospholylase b (94), b,
bovine serum albumin (67), ¢, egg albumin (43), d, carbonic anhydrase (30), and e, trypsin
inhibitor (20.1). o
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R OMER, KA Superdex 200 HRICkBFNVAB IO~ T T T 4 —
kY, LiEMENE 62.5 0 moles * mint - mg proteinMiZEFTER L. 2k
BRI 31 BIEE O 90 RIS T 5. R, BHEL X VR ROWH Y
— 7 B—%L (FiglA), £, SDSEXIKBORKE, €OE—7IZBWVT, B
—DEVRIENY FRELRET LD (FiglA), SARBMAEE bR
LRy, Fi, COFABBIUT T T T 4—BbHERE Y RIED
S TEN 285 kD Th Y (Fig 1B). &bic, SDS BREKENLY T=2=y 4
FEN302KD THEIZ BN RENTE (FiglB). ArX U X7 BEDHGFER X
VY Ta=y hSFEND, AERITHEATHEL TV ZERHALNE R

27,

3.2 M1Pase DERZEMB LU0 FHIGEHEE
3.2.1 EBEpHBIVEER

Mi1Pase JEHEICHIT 5 pH OEEEFHRHR, T pHIZ 74 THV,pH6.5
~8.0 DHEIRIZI T B pH O#IFH THRATEMED 60% U EOFEERKRIL TN
(Fig 2A). L7edoT, ABRITMBEE CRAOEEREZTT I Va0 o 7.
$72, ABROEEBERITIL48 THoT.

100 60
A . B
~ 80 — —.;:
o\ R
< = ~
Z - 4o = &
=0T 2% g8 ¢
Eé = EE 55?1 V=58 it mol
) X Q 2 max= mol*®
= 40 = g é o mg prot! -min!
R S 20 B K_=0.41 mM
& 90 i 1A [
~ 4 0 4
1/[M1P] (mM)
0 0 I 1
7.4 0 2 4
pH [M1P] (mM)

Fic 2. A: pH-profile of the activity of the purified M1Pase from C. continua. The pHs of
the reaction mixture were adjusted with 10 z mol of Bis-Tris-Propane buffer. B: Kinetic
analysis of M1Pase purified from C. continua by a plot of the activity versus the substrate
concentration and its double-reciprocal plot (insert).

3.2.2 HEEHEREMER I OEERMME ‘

ABESE O LRI THR L, M1P LSO EE 1L Sorbitol-6-P LATIE &
LERB LN ER4S otz (Table 1). & biZ, MIP Zxtd 5 EEH
I% 0.41 mM TH o7z (Fig 2B). '
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Table 1. Substrate specificity of the purified
M1Pase from the red alga C. continua.

Substrate® Relative activity
‘ (%)
Mannitol-1-P 100°
Sorbitol-1-P 2.3
Fructose-6-P 1.8
Ribose-5-P 0.4
Mannose-6-P 0.3
Glucose-1-P 0
Glucose-6-P 0
Fructose-1, 6-BP 0
a -Glycerophosphate 0
p-Nitrophenyl phosphate 0

* The concentration of substrate was 0.5 mM.
® The activity in the control was 42.4 » mol - mg
protein™ * min.

3.2.3 MEH - EBA T ZEDEY
FREAIDOFET TiE MlPase I— BB 7+ 277 ZF—FOHEHTH B

Table 2. Effect of various cations and inhibitors on
the activity of purified M1Pase from the red alga
C. continua. The enzyme solution was dialyzed
against buffer containing' 100 mM HEPES-KOH, 1
mM benzamidine-HCI, 10 mM 6-aminocapronic
acid, 4 mM 2-ME, and 20% (w/v) glycerol, pH 7.0
to eliminate the effects of other metals.

Compound Concentration  Relative activity

(mM) (%)
No addition - 0
MgCl 1 100?
CoCl, 1 66
MnCl, 1 29
7ZnCl, 1 0
Napf® 1 8.5
NEMP 1 0
0.1 21.0
p-HMB" 0.1 0
0.01 0

* The activity in the control was 42.4 1 mol * mg
!)nrotein'1 - min™. ‘

Enzyme activities were assayed in the presence
of 1 mM MgCl,.

—227—



12 14 3

NaF oft, SH BEEOREH L L THAHN D NMNethylmaleimide (NEM) =
phydroxymercuribenzoic acid (p-HMB) IZ58< fRE &N 7z (Table 2). O
S LD EMICE SH EREETAZ AR SR, e, KEROBEMEIC
EEED 2 OB T EREL L, B IR T YA T IEROEEL
KELIEMICIERT 2 Z LB 45h o7 (Table 2). TITRYTEAZTDH
Hx 0.1 mM A bAMICHEML 1 mM TiEiEsaf Lz (Fig3A). v 7 XV U A

B
100

= P>
o

[
(=]

Relative activity (%)
& 3

Relative activity (%)
3
T

0 0.01 0.1 10 0 250
c MgClL] (mM) b [NaCl] (mM)
100 100
S &
< 80+ 30
2 2
> >
= 601 = 60
E 3
ks ks
2 20 o 20
0 ] 0 ! | ]
25.0 288 0 0.01 . 0.1 1 10
[Mannitol] (mM) [CaCl,] (mM)

Fic. 3. Effects of the act1v1ty of M1Pase purified from C. continua
on the concentrations of MgCl, (A), NaCl (B), mannitol (C) and

CaCl, (D).
Of, L R b MlPase UD%ﬁ cEE LN, MW TIEEEIE
AN bhirdroiz (Table 2). C ABEEOEHITEERE O NaCl o<

v b= EVEESND D &75165’753071 (Fig 8B, C). %7, CaA A b
M1Pase DiEHEZ M < fE L7z (Fig 3D).

3.3 NR#®E L ORET I/ BRES
V8 Fu 7 7 —+¥ T MlPase & fill RIICH#L, oA B LT N Kim D EL
%7 (Fig4).
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MEDHQOSTQKIGE
MIPase ;axxparkarko
V8-1. ?

V8-2 )

V8-3  sSELV?AYDkwIQ
V8-4 seLay?ksIeIl

V8-5  VFLKARaaID AD

Fig 4. Determination of N-terminal and internal
amino acids sequences. Lane M, Molecular
mass markers (kDa) including bovine serum
albumin (66), egg albumin (45), trypsinogen
(24), B -lactoglobulin (18.4), and lysozyme
(14.3). Lane B, purified M1Pase. In the text,
small letters and a question mark indicate amino
acid residues in doubt and not-identified noe,
respectively :

3.4 ¥Hi M1Pase I}

ENEY FPEAVTH M1Pase MiEZ B 7= (Fig 5). RERBORKE, Kl
EH T M1Pase OV 7 2=y My FRBICHY T E T, HE— O VFRRERSHE
ZEDD, ML M1Pase #2 VB RRIGT HIL BRI N, o, M Hik % A

a™MA B C D Fig 5. SDS-PAGE and a Western

R blot analysis of M1Pase from C.

continua. Lanes M, A and B, silver

staining; lane C and D,

iImmunodetection by the antibody

raised against the M1Pase. Lanes A

: and C, crude extract from C.

*«'W@ M1Pase continua (5 u g/ lane). Lanes B and

D, purified M1Pase (5 u g/ lane).

0 T Lane M, Molecular mass markers

(kDa) including phosphorylase b

(94), bovine serum albumin (67),

. egg albumin (43), carbonic

Sﬂ.vér_ Western- aﬁlcl,ydrase (30), and trypsin
staining  blotting - “ippihiter (20.1).

94
67
43

30 -

el |
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WERHEOBEITICBWTS, BARATHEZEHOAVIRRRHEINEDICHEDLT,
o fls Y 5, R BULE B LA LB AT IS SR 7)>% BENT=Z b, REER IR RAI2H
'ﬁ:z)/{lﬁﬁk_éﬂf;ukz}) 75)"37]’

4. BE
AFETHWET ¥ XX Caloglossa continua WS EHEMIA X2 RICET D
ﬁiﬁ’( HALE O K EHERT ABICEAS RN BEER cn BOWEETH D,

WOBITEOFHOEBIZLY, WEFCIEMEARE, THEIRCIIEKRRELS
BEED, ABEFEENEBRECERLTVWS. I5iZ, Mo & & oRE
T, EEEAKES DESCEHT S L b, BRRECKHT SEEE LA
+5. TYEXBIE, HEBEHTHHNMNIC Y= b — AV EBEREEL L TE
BTz eBmbhTVD. Fio, KR D= =h— G AR ITE EEHOLD L
X&) MI1PDH &8 T52800, M1PaseDFEH &725 MI1P 13 F6P 2 0EEE
R#ENB. LER-T, TYEXRITHEY O~ =b—/L & R ICE T ORI
LU R B B BN,

AHRIZBNTT ¥EXD M1Pase DEEFEREBE bz, — RIS, #T
EEIIZEOT 42 v E VAR EREREYES, TROBREROGT L
%671?5?) RO IIIERE R REENES . A, BROBWER T, PEG-HKLE

TIY, BELREMNDBETELIEY, BREEIORRKOER LT L
5"—5‘1 BB, AFRITHEAREDITI TS M1Pase FFHOPD TOHRETH D.
WA A LIS D M1Pase 2OV TIE, HFE, FEMEHT 2T VLIHD
Eimeria tenella T ¢cDNA RFIMR &Nz (Liberator et al 1998). L L,
E. tenella ® M1Pase M3 LWEERZMHEEITIT L A LR STV Y. Abf
LN ENZT ¥XFX MlPase ® N KB L UORET I/ R 5l &
Genbank NF — & —_R—ZATHREEZ NPT TR, WThoBlslb E tenella D
M1Pase L IZHRBEERRBD bedofe. TOZ b, 7YX X L K tenella
» MlPase ¥ v RV BERHKEBRICTEEZ VNI ETHDIZ LW LN LR
7o

M1Pase 0)@%%%3’3% M IC OV TIE, B4 B AR S T 58, W
DB, B FAEM TV ONDOHENRDHD. TYF X M1Pase DEER FHIEEITEE
i B 0D f5 G 88 Penicillium notatum ® M1Pase £1X 2720 (Boonsaeng et al.
1976), ¥-FwE pH R EEH M0 8 T LY Thesium humile ® M1Pase &
TR AME A LT (Simier ef al 1994). L2 L, REOERIIEME pH, £
B B, Mg2+® Mn2Hc KA, NEM % p-HMB, NaF ([ZXVR<BHEIND
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LN T # Spatoglossum 3L Y Dictiyota D MlPase LR THEPILIEEE
BOZENHELNER o7 (Tkawa et al. 1972).

T, ABROFEHITERE®D NaCl ®~vr= b= VX VEESNSZ &
Moy inode. NaCllz oW Tk, — B REIC X 3IEHAE L EX DN D . —F,
v = b= NVCELTHRAERYBEETHY, BE O~ = b —LDOEMK - EF
ERESTIED, v = b=V OEGRFASBER LA TITOIL T 5 ATREER
ARENE. LML, 500mM~ > = h—/VFETTHH 30 %DOTEMERHERF X
NTWBZE00, FARERGIOLDITIIEE TH S MIP EOME, +742b
B, MIPDH OEHICEAFAFHN LV KELLEETHIOTEHRAVWNEEZ IO
B. iz, CaZ+ic k2 HMUEMIEES X O Mg?Hic & 5 2R ERL,» 5, &8
A4V REST HHESEENTFET D ATEET E%?ﬂ%éﬂ’b’(b\é. LT AT, WY
Ti~vy=hr—NLOEHK - EHRTMBE T T2 22360 TND

(Rumpho et al. 1983). AEEH B PHEEIS O pH CE EHEEREHFLCVE 2
EiX, 7YX X MlPase DMl E CHETOIDICEL TSI LEZRTHNDT
HbH. L AT, E tenellalZBiF 5 M1Pase DERBpH L 6 THAHAZ EBRARS
NTEY, 7¥XX MlPase L K& A2 3. v = b LVEHREEERTE
A LA TEMEED O FEREEZIT O BE, MBI M1Pase 2R IE 2 Z
ETCw = b=V EHECRESEDZ ZENARRERD. MY OMKE D pH
BEAZEZEET DL, 2ORIZBWT, 7¥X X MlPase I E. tenella @ M1Pase
IVENLCQNBLEEZLND. SHIT, 7YX XD Ml1Pase OEETFEEATLHZ L
Y, BEEFEEREVW I EPOMORBMRICEELEZARNWI LR, v
Zh XD T4 — Ry JHABMIELV v = PV OERENEER L~V
THIH SN OIZEDOF RN H 5.

5. 5% ORE

AW Tk M1Pase ® cDNA B SR EIC k&< F 535 N KB BIONET)
BRESINHL SN, e, REXNZROLEGHEONE. S BITINLEAWNT
M1Pase @ cDNA BRFIREZITOMLERHS. o, A RIZBNT, v =h—1D
EEREMEHITIE MIPDH BRESEEL TWDIERHLNRERoT. v /= b —
NEEROTHHEOMAL, <~ =P —NVEBROAV=ALEHERTLZL
Clie BV Z L hh, v A EBIC AR EEFET 5 ECRER
AREEETHD. LTER-T, 5%, 7YX XD M1PDH OFHEK LU cDNA
@Eﬁﬂﬁ%;ﬁ%a@ TFRIEEE DA KD D L EbhD.
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The Molecular Cloning of Enzymes Catalyzing the Biosynthesis of
Mannitol that Contribute to the Salt Tolerance in Plants

KO]I IWAMOTO!, Tomoyoshi IKAWA2, Hideaki KAWANOBES,
and Yoshihiro SHIRATWA!
Institute of Biological Sciences, University of Tsukuba
2Faculty of Education and Human Studies, Akita University
3Faculty of Management and Information Sciences, Jobu University

Summary :

Recently some attempts have been made to produce the salt tolerant
transgenic plant by introducing the mechanism of mannitol biosynthesis.
Though the transgenic plant accumulated the mannitol and showed the salt
tolerance to some extent, the tolerance of the plant was not strong. There is
a need to increase the salt tolerance of plants. The authors proposed, one of
the solutions, to transfer the gene of mannitol-1-phosphatase (M1Pase) to be
added to the gene-of mannitol-1-phosphate dehydrogenase (M1PDH) that
had only been transferred in former studies. M1Pase plays an important role
in plant mannitol metabolism, because it catalyzes the final step of mannitol
biosynthesis, M1P to mannitol. However, there is no information on
molecular properties of M1Pase from plant. In this study, the authors
intended to purify the M1Pase and to have some molecular information
required to determine the cDNA sequences of M1Pase from the red alga
Caloglossa continua (Okamura) King et Puttock.

The enzyme was purified by the combination of aqueous two-phase
partitioning method with polyethylene glycol-ammonium sulfate,
ammonium sulfate precipitation, and chromatographies on phenyl-Toyopearl,
butyl-Toyopearl, Sephacryl S-100, Mono-Q, and Superdex 200 HR. The
enzyme was shown to be a monomer, since gel-filtration and sodium dodecyl
sulfate-polyacrylamide gel electrophoresis gave close values of apparent
molecular weights of 28,500 and 30,200, respectively. The protein exhibited
an isoelectric point of 4.8. The substrate specificity for mannitol-1-phosphate
(M1P) was very high, and that for Kn(M1P) was 0.41 mM. The catalytic
activity was optimal at pH 7.4. The enzyme was activated by Mg2*, but was
strongly inhibited by Ca2*, NaF, N-ethylmaleimide, and
p-hydroxymercuribenzoic acid. Seawater levels of NaCl and physiological
levels of mannitol also inhibited the activity by 50% or more. Changes in the
concentrations of those ions and metabolites may regulate the biosynthesis
of mannitol as an osmoregulant in vivo.

These findings were revealed for the advancement in transferring the
gene of M1Pase, because the enzyme will be active in the cytosol that is with
neutral pH condition, and the accumulation of mannitol in the cytosol can be
controlled. The enzyme would not influence the metabolic system since it is
highly specific to M1P and feedback regulation of the enzyme activity by the
mannitol maintains its concentration at a proper level.

—233—



	0020-J
	0020-W



