Akita University

s - KR EEFIAREFRHCE14(1) © 41-47, 2006

(41

TINT F—R16-EXRKRT 77 —F¥EHA v ) AREEERE

7K

® B

7

FN

R OHEBREOV 2 THE 7V b —R1,6-EXF 7 7 ¥ —EOiHHEHEE L Ic VT, AN
EHXOTF ) vy - vBEBLP TV b —R26-E2 Y VBBICXAHEHE TN P —R1B-ERARAT 7 F—F
Ry v/ BROBOMEIC X 2FEOMmB 2 hlicin L7z, A YR ) VIBENEVICOEDL ST, FiRicky
BYEFEDSTLEL TV A I EXBIMMERERSFORRE s TV BIES v 2 ) VikERBEREO R, 700 b~
216-ERAFRAT 7 ¥ —H U NNUOHEHRENPLHIERNEL > THE00H 5 LDFERMICO>VWT, ZOWED

BRERE L 72,

I. LsIc

WA, TR AR Ere v, J) ke —
WIS E DRELNDYIE D S 7 v a — 2 & 53
Bigchsd (K1), FELERET I OBEBMNERKT
Y, FRChFEE, SRTCHEREICE, ORERICK
DIEFIC T V-2 &KL, FhoZMduciitis
3, BYIRERSD I XA NVF BB NTH L L X
X, o7 va—-2%2[]0Ad, FVa—-4r &L
THFA AT &icky, MERED EREZR<. FEE,
ML XVDFRAFRY Y ZDHEZSRTH 5.

MERIR A v 2 ) v OERARNEIC K » TP @ 7
V= REENEWIREE, 9700 b B MEREE NG
TEHRETH L., BERROKT»ZEDBIEA v R
VARTEMEREIR P (2 BUBEFRAS) (NIDDM) i, #Hifa
WADIMED» 5D 7 w3 —ZDR D IAA DR T 5 T
LTk ah, ThE &SR BT A ED UE
MHREBEKEEN S, NIDDM icB 0Tk, ¥EHE
&G 24 VR ) v T -2l TV AT
B S, FETOEFENERILL TS (1 v
2 VIEFUHE)Y., DA H = R AERHTH B8,
NIDDM € 5= o XA THEMAEOREBRTH 5 7V

7 h—216-ERX&R7 7% —+ (FBPase) DIHE
FEEMSFEO A v 2 ) VRIS S LT A E[EERE:
Bd 2. KETE, 042y VEFEORRKE X
N B ¥EET FATRE S FBPase o> W T, ABZRD A v
2 BN OB G A LI #ER T 5.

WD X 5 0% OBFEIRES T 5 USRI,
FOB DR T b 2 AHBERPEREEL TVT,
T E VORBED L EICE - T, 205 DEHHIE
Hxh, BERAERKEKSEOHELIHEL TV 5,
FBPase (2, 4 ->d» 2P ALERAGHRZD 1 >7T, H<
P ORER ISEMI DT SRS S N, In vitro TOREEE
TEHEOHEPSET S TE 7,

FBPase O iEHHFHFICEE LR L TWE T & H
NIDDM icfg 2ROV EHE&h TV S, AN
BERTEME L~V O FFENICIE 1) BRI AR L 2
b, BEZF L7234 24 EHSEYIE O BRI L
HEIE 2) MRy v BHBOOEOEE ZERE L
o, HEEEEEELLD LT, BEOGGEELHA
fidaE0H 2B DHENS L. BIBHEOHERIESE
DIENDITH LT, B&ERS V7 OERRARERES
D THIRHIE R 22T 5.

MHARFEFIRR BRI EEFTH

RERFEFRREFFHIE 4% F15

Key Words: 7NV b —R16-ERKRT7 75—+
A v R ARTEHNERE
FEHTAE

41



Akita University

(42) KBEFR/TNVI F—RALB-ERFRT 7§ —€EHA v R VREHHERE
—_—
B TEIAE
2 ER
PC PEPCK

EIEVEE —> 4 oOffEE —> RRAKRT/ —IWEINE VB

J

7=

gyto—J))p —> —> CEFOFLT7EMN Y VEE «<—> JURBILTIFEFI-U VEE

TINT bP—R16-EX U VEE

Gb6Pase
N\ PFK FBPase
=l I —R6-U VB €<—> TIINI P—Z6-U VEE
A ,
GK

1 FISE T S EFHmERRE

BEROKS PC:ELEVYBANLFRF Y5 —+, PEPCK: f X+t x/ —EIE Y
e v+ o+ —+, FBPase: 77 b —X16-ERXK X7 7% —+, G6Pase :
TNA—R6-KRT7 74—+, GK: 7Wa+Fr—+¥, PFK: A2+ 707 bFF—F

II. FBPase ;& DIHES

1. EHEHEEIC X 2BE
FBPase DL A &9 2 L EAWE (Z[HEWE O
ABHIONTEL, HHEXH SN TORRV,

1) AMP iz & % F5E;i

Yk A g SE TH 2 FBPase & # DXAH & D
B % i 5 2 i HET R R Ak 7 v b F o —
¥ (PFK) &, &bicil@EIcHFET 20T, iy
EZoFEwEBEBICHEINE, 707 F—26-Y ¥
BE7Ls b—216-E2Y VEBOMAITERT
AEITT T vy -=1) vk (ATP) AH#ELIC
HBELTZANF-BEIEDL->TLES, VbW
LSRR (futile cycle) 2T 52 &icts 3
(K2). ULs»LIHS, FBPase & PFK 3@ D
REFHEIE I X > THWICSOME X i & h,
W S OMLREEE A E I WA - TV B,
75/ v vy - ViR (AMP) &, ATP olnks
FREEV) CTHIRA O = 2 V¥ —3HB S N 5 L HEind
. §habb, ATPWARET S EEMTE. D
AMP R HhHfB7e x5 v 7HEHELT
FBPase ICfE L, EESEHICEEIN Y, —
4, AMP & PFK OiEHAE E LTER L 2,
PFK iEHdE< 5. f->T, AMP 2807 5

42

L, NG T 2 V¥ - AR EFET 2 12Dl
WO 2 VF-—FRICGEUT, BHEARANORAN
TEFATIE - C, BEAEFRINOFENIZ/NE 2D,
TR VF—-EAERNT B (ATP 24T 5). = xv
F-2WEBETAEFERIRShE L b, @
PEHENORFHBREL L -T, +97% ATP 4
KT BDi1Icfk-T, AMP DEENETT 2. 20
7z, FBPase DHERIEREN S L E b, PFK
DIEMAL & kT 5, & 5iz, ATP & PFK 0
HERERTH 5505619, ATP Ic & » THAEH
ANDFENEIEI NS, coL5icLT, MIANT
(d T RV F —TFEICE U OB RS IE S B~
N5, Fo@EFEAECERN S > SEY)ICAE
Iha &t s,

2) 70 F—=226-E2Y VEgIC K BT
[MAEE A5 I — RIS T2 2 &3 s 4
27V ADBBERLBEROVEST, FEICHEIN
TV, MEL NV, BEWIKRHOERERT 2
SOt VE Y THBA VAR VETNVA T VI
Lo THICHBINT WS, THbb, 12 v
BIMEE L NV A E NS, Zuh 3 v idmiEr ~u
ZEFHXHHEDOT, A VvR)vETNVHTVDOHK
MIMFEEEZREST 2 FELERTH 3.

D 2DDFRIVE VITK - THINAN D EREATR X

KRR PR ERHCE $148 H1o



Akita University

KIBFFR/ 7N I b =R1B-ERFRT 7 ¥ =€ EIEA ¥ R Y VAR

H.0

(43)

Pi

FBPase

<> T F—R16-EXV

ADP

PFK

TV P—R6-U VEE «<——>

ATP

K2 77 bF—R16-EXRRT 7 —FERRRTING bEF—FIC & DEREEOTERK
BHEDOIS FBPase: 7W7 b —R16-ER&KRT7 74—+, PFK: cZAKk 77 hFEF—+

CEFT AYED, 700 b—R26-EXY VB
(Fru-2,6-P,) T& 5. Fru-2,6-P.l3, IEFHERESE
PFK iEHED RV E v ic & 3 FHET O EBE TR A
XNz Fru-2,6-Paid, RFK O #iEH/LA T,
Ja—Rick-THIML, ¥EEHEAIEELT 2
WH T K - TEEICED T 2, AL A
HE 2420 IdI VAT YO OREITEY
99, —7%, Fru-2,6-P,i%, FBPase ioxt L TiZfH
ERELTERT 272, #-T, BRKILYE%
BIRLAZBEZROBYI TR, IMEL XURELA R
D VEESEOY, IFEO Fru-2,6-P.d L ~ouhs
=< Y, PFK M5 9 2 s EHLs L5 —
7, FBPase fHES NS 728, HEHEZME N
5. T, fEERECHEREIREEIC b 28 T,
MEED 2 0VidM w2 ) VBENXMEVWDT, 7 h
IV OEUSEETH L. £DIY, Fru-2,6-P,
LRVIERELSRED L, 2R, PFK oiEHAL
3T L, FBPase R E MRS, - T,
PP D U, WEHESEEENS, CDLD
KO E RSB BV TIE, Fru-2,6-P.o L~
DEERNE B AED X A v FREEE L CEELRE S
RBicL T3, Fru-2,6-P.OMIZNTDOERKE 5 iR
iZ, H—0 5 voxo DBEEE DR & O RIG A il
T4, 2=—715 2 ¥iEM R (bi-functional en-
zyme) THDH6-—FRAFT7INT b=2-FF—¥ 7
W7 P —RIB6-ERAKRT 7 ¥ —Fitk - TiTb
n523—24).

Fru-2,6-P.i%, BiIE TiR~X7: FBPase ® 7 o X 7
Yy 7HEFITH B AMP OIEH %8 392,
AMP & Fru-2,6-P.id, i FBPase DFHER| & L

MEARFRFBREFBHCR B14E F1S

TIERT 57, mMEFEGLFT 5 &, HEFEMICHE,
ZNEFNHEIMOBEFH O L D & FBPase 1358 <
FHEX 1%, FBPase DIEMHICIE Mg 1 & v g4
BETH LD, Mgmos TR, £HIEED AMP
& Fru-2,6-P.34LE 9 % &, FBPase iG¥E 3 121E5
SIEESNT, FRcBLTERE I TEE S
5, UL, Mn* & Mg* & [aElkkiC FBPase /&AL
A4 ELTHEHL®?, HA™IE, Mg"MAT,
AR O Mn* WIFET 5 &, THEROMHFE
SIREEMEINT, HEOREDO AMP AT T
F-2,6-P,DEBEZ{VIZIG U T FBPase it 2 Z L &
HE5IEDPTELIEEWME L. THbD, ¥
HEELAFHITEXBDT, in vivo Td Mg iz
Z T, Mn* & FBPase OJEHEALICZEIZ R LT
WA A[REME A RIS L 2.

2. FBPase EEEDERIC L 3BT

FBPase (&, B8 %8B, 54 v/ B8, =lElH
B, A VR DRIV T UEER S LD B
W2 EMELLOMOSNT VWS, T OiEMEEIC
5T, FBPase % ¥ v/ ¥/ B HHIT 5 2 & H9R
INTWAB,

Pontremoli 5® 3 v + £, Bl B\ T FBPase
TGOS A BAIG36H I £ TR D D%, BR%
Yol CIMENHEICE TEA L, BREEET S
LEPPIITCD L ~VICAET 5 L E2REL TV .
#AIC &k %5 FBPase it h0i3, FBPase BEk v v
Ny DEMICEE DT, BHEES LicEy v/¥y
BEE25ZTH#INT 5®. FBPase iGth s L UEE®R
g vy 3BT AL, EOEEER60%ICL

43



Akita University

40 KIBFRFK S TN b —R1LG-ERERT 7 ¥ — ¥ LA VR Y VARG

ElEBIc L - THENT 5.

WEaVF 34 FEHZRT YT LAY/ 0 v E
in vivo TixE 4 3 &, FBPase OGS ID LY,
MR A VT IAA T VR T FLF ) v
H Y EAy kY Ye—& L THEANTHEET 241
710 v AMP BE%* LR XE 4 &, 4%
FBPase @ # v & v ¥ + — RNA L ~uvhs 6 fZicER
LR, @i, 4 v2) yaiEticiimlizo, B3
WWHES T 5 &, FBPase i 2 v v ¥+ — RNA
=IFET Lo,

s vy 28 BHIKERIEST 2T o+ P
AR VTNV Yy ERERS L ERYIBERREY)
IZBWT, FBPase DIEHED ¥ v ¥ ENENT 5.
INSOEYICA v 2 ) vAERTE, L E
WPy vy BETTEIEBRENTVED D,

Fto, EEICA YR VIR RERE A RIE T
5 F VBB T b FBPase (R 4 v /¥y O
DEILN TV BE® ¥,

D& HIZ, FBPase i3, #EFENSERILT S LD
15T T3 FBPase if 2 HE T 2 WE VR %
L& bz, FBPase HHOEGIEART 5. FChiEA
BHE SN B X S HEHET T, FBPase iEHABEE
THYENEEIMNT 5 & &b, FBPase HE DR
e 5,

M. NIDDM [Z# (33 FBPase DAEEE

—fic, AR EAROFRERER T PEPCK &
InTns, Larl, —ATUTIENE LS,
NIDDM T 5 1 5 T T O ¥ A o hnic i,
PEPCK Ti7: <, FBPase L NWVORAHIOREICL -
THLETHY, FBPase DEE D NIDDM OFERTH
LT AMPRLESINATVS,

New Zealand Obese (NZO) <= v X (3G SIM
WEEEA v 2 VIME & BRI K - TR I
5h e NIDDM O Z B FHEF LV TH 5.
NZC (New Zealand Chocolate) = v R 452 fuizxt
T EPHAE Y 2 &ML B, Andrikopoulos 5¥ic
S niE, NIDDM & # i NZO <= 9 2 T &% NZC
vTURATH, EEvIREM@RY Y REL~XB L, B
BTk o CHBIC B 2 EFEREEREIE ML 72D
IZX LT, FBPase #&U R EBREEGRED L.
IO EENIDDM v v 2 bERICL D Wi
A4 v 2 ) v ER L cmiEcxtd 205 1%, FhEn
BELTWAZEERLTWVWAE, —F, NZO<wv X
& NZC = v 2 OFFIRIC B 1 2 ¥ERTAE B SR TE I % X
5L, HETHERTS, MM vy 2 VREDLME

44

fEAE W NZO D5 NZC & b & PEPCK % G6Pase
DIEMFEVDIZH LT, FBPase i3 NZO O 5535
V. BERINCEAT 5 SMERECE A v X ) VIREE
Wt LT, PEPCK % G6Pase R IFEICIEET 5. ¢
WHLEEMETT 5., L2 AH, FBPaseld, Th
SORBIEBOTHEEMETF LAY, TDT &,
FBPase DFEICEENH L 2R LTWVWE. TO
g — 3o NIDDM € FNVENMITH % ob/ob
db/db = R & IZEIE-TEY, TOEWVINIDDM
AR X IREMNER B LILLBbDEEL SN,
NIDDM @—#f D & @iz id, FBPase O7E &GS
DRIMNMZE D bDDBDH ST EARLTVWED,

Z @ NIDDM & F )= 218 F % FBPase D&
YL Lo, FBPase OEEHZ 4 v/ 7 O
L£2b0ThHhy, TOERFIEBRMOLIEIHLTL
5 EERRLIED,

NIDDM &3, 7V to—uhs s ra—2 0
BEHESSE > TVWEIEDBHOMZENATNET P,
Nurjhan 521, 77U ®o —vh S OEFFAEOEMIZ
NIDDM ic 8} 5 FBPase &0 Mic k26D & D
{KE8 %37 T#z. Andrikopoulos 5®%, 7 U o —
RTT= o OEFAENSIER NZO = v 2 TR
NZC=o2EDbF VI &, NZO <7 R E NZC =
7 2 X0 bIMEBIERBENSWI EER L.
NZO =% R 3EIRD & 5 I FBPase ik B b BH 4
vR7BEGOBOMBe Y RLD 2V, S5, %
blid, dAE~v b, EEHAICE-T, BT 5 &
&bz, MiEEEIElERER T FBPase THME & & B
ZEOEIHEDODADOICH A EVE VA VEF VS5 —
EiEtEsEmeT 22 2R L. Elg&E, 5 b
Fosrzy) vikiitkxr b3 2 EBMSLTY
B0 Lthi- T, NIDDM =9 2ich 51 5 B
i, IBiick s/ v R VIEREORBICL 20
EAZohb,

WEERSIiER 12, BMILIck > TT7 2 F )V CoA ICE
D5, BEHEOAVOTHEENVE VEEN VRE V5 —
B ONRIFBOEY TH BT vF IV CoAlLLk»T
EHALE N B ZO/RER, NZO =9 2937 &
o — b (EFEORP» S5 AD, FBPase 28T v
I-RiEDbLE X1B1R).) OMBEERE ) o —
WM EDA D I A ENVE VA LEF V5 —
¥OEEICE->T, 7= BEFEOADOPS
ABENVEVEEALVEF Y S —+, FBPase DIEH
ERT/VI-2EDLDE (R121R).) o0
HEoRESIZS L, FIck 370 o — 2 BE AL
boENIDEEMmS GRS T 7.

1%\ T, Andrikopoulos 5*, J v b % 2 #EH

FRERFERFREREEPHCE $£l4E F1s



Akita University

IKBFER/TNT b —=R1B6-ERKRT 77— EFEA v R RERERFE (45

BIEMATHET 5 &, WRM Va3 — XAEKOBEMN
AbodE, TOBMET I = o OREHED
#INc kBT EAERTEEBIC, SEHARICE-TT v

T FBPase B¢ ¥ v /¥ 7 SEEMNd 5 C & AR LT,
51T, BEHEBCLEZ T = v oDEHE
FBPase D ¥ENid, MPEBRETE2 b7 5 v 3 ¥
(metformin) ICk > T BHEEIN BT EERL.
AT I v, IEFEEEET AR, MR
) IRV BRSO MBEHEA KT SE 5905,
NIDDM DRI 7 v 2 — 2 @ RIEEA IR 75 15 & %
B LTWBDIE, FBPase Th b EfEmDI 5T &
DiAjETH 5. NIDDM BEOIMMEER F X & 55D
MEEETH a7 ) v v (troglitazone)®™ & B B
FBPase IK{EF L TIEHEEZE TR 527, 51,
FBPase D¥EFTAEFIEICH I 2 EE MG, LD
EHTH B AICA Y X+ F (AICA riboside) Ik »
T, FBPase {FHEMSET T 2P &hod, DL
BXF I B,

PbEo ki, 2ELHKERA»SHRT 5 NIDDM
DLtz &b —iid, FBPase DA RESREKTH
AEEZEZ 5N D, FBPase DFffaN L ~ L2 &4 2
B, SIS > TOEWL, Lizhi-> T, filig,
FBPase OFBRENEL 200 AHTH L, h
S DDA S iz i, NIDDM S #EFRIE DIa#E
DFH L VERIOBEFRIC BB L1, SROMBIALE
s,

X ®

1) De Fronzo RA, Simonson D, et al.: Hepatic and
peripheral insulin resistance: A common feature
of type II (non-insulin-dependent) and type I (in-
sulin-dependent) diabetes mellitus. Diabetologia
23 :313-319, 1982

2) Consoli A, Nurjihan N, et al.:Predominant role
of gluconeogenesis in increased hepatic glucose
production in NIDDM. Diabetes 38 :550-557, 1989

3) Mevorach M, Giacca A, et al. :Regulation of
endogenous glucose production by glucose per se
is impaired in type 2 diabetes mellitus. J Clin
Invest 102 : 744-753, 1998

4) Traniello S, Pontrmoli S, et al.:Fructose 1,6-
diphosphatase from liver : Isolation of the native
form with optimal activity at neutral pH. Arch
Biochem Biophys 146:161-166, 1971

5) Nimmo HG and Tipton KF:The purification of

fructose 1,6-diphosphatase from ox liver and its

MEAFEFHREIPHCE Fl4E H15

6)

7

8)

9)

10)

1D

12)

13

14)

15)

16)

17

activation by ethylenediamintetra-acetate. Bio-
chem J 145:323-334, 1975

Tejwani GA, Pedrosa FO, et al.: The purification
of properties of rat liver fructose 1,6-
bisphosphatase. Arch Biochem Biophys 177:255-
264, 1976

Tashima Y, Mizunuma H, et al.:Purification
and properties of mouse liver Ifructose 1,6-
bisphosphatase. J Biochem 86 : 1089-1099, 1979
Taketa K and Pogell BM : Allosteric inhibition of
rat liver fructose 1,6-diphosphatase by adenosine
monophosphate. J Biol Chem 240 :651-662, 1965
Dunaway GA and Weber G:Rat liver phos-
phofructokinase isozymes. Arch Biochem Biophys
162 : 620-628, 1974

Bock PE and Frieden C: Phosphofructokinase. II .
Role of ligands in pH-dependent structural
changes of the rabbit muscle. J Biol Chem 251 :
9637-5643, 1976

Claus TH, Schlumpf JR, et al.:Mechanism of
action of glucagons on hepatocyte phospho-
fructokinase activity. Proc Natl Acad Sc USA
77 . 6501-6506, 1980

Van Schaftingen E, Hue L, et al.:Study of the
fructose 6-phosphate/fructose 1,6-bisphosphate
cycle in the liver in vivo. Biochem J 192:263-
271,1980

Van Schaftingen E, Hue L, et al.: Control of the
1,6-bisphosphate
cycle in isolated hepatocytes by glucose and
glucagon. Biochem J 192 :887-895, 1980

Van Schaftingen E, Hue L, et al.:Fructose 2,6-

structure of the

fructose 6-phosphate/fructose

bisphosphate, the probable

glucose- and glucagons-sensitive stimulator of

phosphofructokinase. Biochem J 192:897-901,
1980
Furuya E and Uyeda K: An activation factor of

liver phosphofructokinase. Proc Natl Acad Sci
USA 77 :5861-5864, 1980

Richards CS and Uyeda K:Changes in the
concentration of activation factor for phos-
phofructokinase in hepatocytes in response to
glucose and glucagons. Biochem Biophys Res
Commun 97 : 1535-1540, 1980

Claus TH, Schlumpf J, et al. : Evidence for a new
activator of rat liver phosphofructokinase.

Biochem Biophys Res Commun 98:359-365, 1980

45



Akita University

18)

19

20)

2D

22)

23)

24)

25)

26)

27

28

29)

(46) KIBHFKR,/ TN b —R16-ERFRXT 7§ —FEIEA 2 Y VRTEHHERE

Hue L, Blackmore PF, et al.:Fructose 2,6-
bisphosphate ; Hormonal regulation and mecha-
nism of its formation in liver. J Biol Chem 256 :
8900-8903, 1980

Pilkis SJ, Chrisman TD, et al.:The action of
insulin 2,6-bisphosphate
metabolism. J Biol Chem 259 :1495-1503, 1983
Van Schaftingen E and Hers HG : Inhibition
of fructose-1,6-bisphosphatase by fructose 2,6-
bisphosphate. Proc Natl Acad Sci USA 78:2861-
2863, 1981

Pilkis SJ, El Maghrabi MR, et al.:Inhibition
of fructose-1,6-bisphosphatase by fructose 2,6-
bisphosphate. J Biol Chem 256 : 3619-3622, 1982
Pilkis SJ, EI Maghrabi MR, et al.:The role
of fructose 2,6-bisphosphate
J Biol Chem 256 :

on hepatic fructose

in regulation of
fructose-1,6-bisphosphatase.
11489-11495, 1981
El-Maghrabi MR, Claus TH, et al. : Regulation of
rat liver fructose 2,6-bisphosphatase. J Biol Chem
257 : 7603-7607, 1982

El-Maghrabi MR, Fox E, et al.:Cyclic AMP-
dependent phosphorylation of rat liver 6-
phosphofructo 2-kinase/fructose 2,6-bisphospha-
tase. Biochem Biophys Res Commun 106 : 794-802,
1982
Grazi E, Accorsi A, et

diphosphatase from rabbit liver. XV. The sequen-

al. : Fructose 1,6-

tial binding of substrate and cation to the
enzyme In the catalytic process. J Biol Chem
246 : 6651-6654, 1971

Nimmo HG and Tipton KF: The allosteric prop-
erties of beef-liver fructose bisphosphatase. Eur J
Biochem 58 :575-5685, 1975

Mizunuma H and Tashima Y : Effect of Mn*" on
2,6-bisphosphate

fructose inhibition of mouse

liver, intestinal, and muscle fructose-1,6-
bisphosphatases. Arch Biochem Biophys 226 : 257-
264, 1983

Pontremoli S, Melloni E,

activity and molecular properties of fructose

et al.:Changes in

1,6-bisphosphatase during fasting and refeeding.
Proc Natl Acad Sci USA 71:1776-1779, 1974
Mazzotta MY and Veneziale CM : Concentration
of liver and kidney fructose-1,6-bisphosphatase
determined by specific radioimmunoassay. Bio-
chim Biophys Acta 611 :156-167, 1980

46

30)

3D

32)

33)

34

35)

36)

37

38

39

40)

41D

Weber G, Singhal RL, et al. : Insulin : Suppression
of biosynthesis of hepatic gluconeogenic enzymes.
Proc Natl Acad Sci USA 53:96-104, 1965
El-Maghrabi MR, Lange AdJ, et al.:The rat
fructose-1,6-bisphosphatase gene. Structure and
regulation of expression. J Biol Chem 266 : 2115-
2120, 1991

El-Maghrabi MR, Pilkis J, et al.: cDNA sequence
of rat liver fructose-1,6-bisphosphatase and evi-
dence for down-regulation of its mRNA by insu-
lin. Proc Natl Acad Sci USA 85:8430-8434, 1988
Seidman I, Horland AA, et al.: Hepatic glycolytic
obese-

and gluconeogenic enzymes of the

hyperglycemic Biochim Biophys Acta
146 : 600-603, 1967

Chang AY and Schneider DI: Abnormalities in
hepatic enzyme activities during development of
diabetes in db/db mice. Diabetologia 6:274-278,
1970

Andrikopoulos S, Rosella G,
regulation of hepatic fructose-1,6-bisphosphatase
in the New Zealand obese mouse model of
NIDDM. Diabetes 42 :1731-1736, 1993
Andrikopoulos S, Rosella G,

regulation of hepatic fructose-1,6-bisphosphatase

mouse.

et al.:Impaired

et al.:Impaired

in the New Zealand obese mouse : An acquired de-
fect. Metabolism 45 : 622-626, 1996
Puhakainen I, Koivisto VA, et al.: Lipolysis and

gluconeogenesis from glycerol are increased in

patients with non-insulin-dependent diabetes
mellitus. J Clin Endocrinol Metab 75:789-794,
1992

Nurjhan N, Consoli A, et al.:Increased lipolysis
and its consequence on gluconeogenesis in non-
insulin-dependent diabetes mellitus. J Clin Invest
86 : 2038-2045, 1990

Andrikopoulos S and Proietto J: The biochemical
basis of increased hepatic glucose production in a
mouse model of type 2 (non-insulin-dependent)
diabetes mellitus. Diabetologia 38 : 1389-1396, 1995
Kraegen EW, Clark PW, et al.:Development of
muscle resistance after liver insulin
resistance in high-fat-fed rats. Diabetes 40 : 1397-
1403, 1991

Storlien LH, Jenkins AB, et al. :Influence of

dietary fat composition on development of insulin

insulin

resistance in rats. Relationship to muscle

FREARFEEMREERHCE $l4E FH1S



Akita University

42)

43)

44)

IKBFHR/ 77 b =R1LE-ERKRT 7 5 = EIA v R Y AREHEREIRE (4D

triglyceride and omega-3 fatty acids in muscle
phospholipid. Diabetes 40 : 280-289, 1991

McClure WR and Lardy HA :Rat liver pyruvate
carboxylase. IV. Factors affecting the regulation
in vivo. J Biol Chem 246 : 3591-3596, 1971
Nakashima K, Rudolph FB,

pyruvate carboxylase. V. Reversible dissociation

et al.:Rat liver

by chloride salts of monovalent cations. J Biol
Chem 250 : 331-336, 1975

Song S, Andrikopoulos S, et al.:Mechanism of
fat-induced hepatic gluconeogenesis : effect of
metformin. Am J Physiol Endocrinol Metab 281 :

E275-E282, 2001

45)

46)

47

48)

Hundal RS, Krssak M, et al.:Mechanism by
which metformine reduces glucose production in
type 2 diabetes. Diabetes 49 : 2063-2069, 2000
Suter SL, Nolan JJ, et al.:Metabolic effects of
new oral hypoglycemic agent Troglitazone in
NIDDM subjects. Diabetes Care 15:193-203, 1992
Fujiwara T, Okuno A, et al.:Suppresion of he-
patic gluconeogenesis in long-term Troglitazone
treated diabetic KK and C57BL/KsJ-db/db mice.
Metabolism 44 : 486-490, 1995

Vincent MF, Marangos PJ, et al.:Inhibition by
AICA riboside of gluconeogenesis in isolated rat
hepatocytes. Diabetes 40 :1259-1266, 1991

Fructose 1,6-bisphosphatase and Non-Insulin Dependent Diabetes Mellitus

Hideo MIZUNUMA

Course of Nursing, School of Health Sclences, Akita University

The regulation mechanisms of fructose 1,6-bisphosphatase,

one of the regulatory enzymes of

gluconeogenesis, are explained in this review. The respective properties of the inhibition of the enzyme by

AMP and fructose 2,6-bisphosphate are outlined. In addition, the regulation of fructose 1,6-bisphosphatase

enzyme protein by feeding-fasting and some hormones are mentioned. Further, the hypothesis that

fructose 1,6-bisphosphatase plays a pivotal role In increased gluconeogenesis 1In non-insulin-dependent

diabetes mellitus is reviewed.
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