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Control Mechanisms of Gene Expression of an Enzyme
and a Polypeptide Hormone Involved in the Lipid
Metabolism in Higher Animals

Shigetada NAKANISHI
Depariment of Medical Chemistry, Kyoto University Faculty of Medicine.

Summary We have discussed the regulatory mechanisms of gene ex-
pression in higher animals, covering the following aspects on the basis
of our recent results:

1. The regulation of lactose operon in Escherichia coli has been discussed
as a model system for studies on the regulation of gene expression in
animal systems.

2. Acetyl-CoA carboxylase plays a critical role in the regulation of
biosynthesis of long-chain fatty acids. In an attempt to gain insight into
the molecular mechanisms underlying the regulation of synthesis of hepatic
acetyl-CoA carboxylase, we have been able to identify specific polysomes
involved in the synthesis of this enzyme. Furthermore, it has been de-
monstrated that the relative content of these polysomes in the liver cor-
relates well with the rate of hepatic synthesis of the enzyme under dif-
ferent dietary and hormonal conditions.

3. The pituitary hormone, corticotropin (ACTH), which is a single
polypeptide consisting of 39 amino acids, has some interesting features
with respect to the regulation of its biosynthesis. First of all, we have
attempted to synthesize ACTH in a cell-free heterologous system. Our
studies indicate that ACTH mRNA is translated in wheat germ extracts
into a product which contains the amino acid sequence of ACTH but is
much larger (M.W. approximately 35,000) than this hormone (M.W. ap-
proximately 4,500).

EEEYORETRIIES, BROBE CHEFCERCHEESA TR, ZOLHER
FEACRENB 5L, MinofEl, SRR, 5015 5B0RE0RELRBRE
OBRENELDIZLRBECHEINLZ L THS. Lo TIhbEx DEEREN
EE LT3 HEELBRTS oL, BB EEATRROTMLFmEE L EgT



HAAEBEERE 21 BIREY YR 7 A (1976) 95

LUERDS,. LrLEBACKE-TRESBWOECTFRIAOH M HERELc0H
BIDLDREBLAEHLDBE L ST, LR > TERY VEST AREWTE,
HEBERCLTEDY, ¥ LBEEL - L LI - T B KBEO lactose operon ©
BlE L b, BETREOCEANERABELHEN L, Kbhbh B L D A TSR
H ThbbE 1 CEERERONMMTEE R BE SR L T35 acetyl-CoA carboxylase
DHE, MEEEBCOWT, B2REBOAT e A VELEORMHEFEL 12V, EIBK
B v ey (ACTH) oRBENTOEARCOWTHREL, REBWCHT 3EE
FTREOFHHRBECETAHEO—EEHM L.
1. X}HE lactose operon O ffiisiE

KIBE D lactose operon DIEEFEEEEICEI L CIXBEEN 5 Jacob & Monod® T X
- THAT wam.mmW'ﬁﬁﬁﬁh,%®%,(mmH” *hﬁﬁﬁ%m%%Lt
Pastan 5%* OWERBI BN CH TEHEMFERC X hRICERS Z L 20 g
PEEES IR TW5 (B12H).
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1. KBBH lactose operon OFFHEIHEEE
P:7ex—2~— O:F = —%~—
i,z,v,a: ThFh repressor, S-galactosidase,
permease, galactoside-transacetylase DOREZEEBEELET

1) lactose @ {RE#HICE 5§ % B-galactosidase, permease, galactoside-transacetylase
D302 VA7 ALHE, HHORHLZT 5. 0I5 3ID2DX VRS
% coordinate regulation #=Z;5MDi%, 320X V7 OBERBETH—oD cluster
2ol b, 201 BMA1ED messenger RNA L LT DNA X hEEIXQh, =0
messenger RNA ##H > LTEFRFRDE v R B32L LREDLTH 5.

2) k300X vVAZOEE, MENIEEOBRE, T b lactose messenger RNA
FROBBCTHE IR T3,

3) # 31 lactose messenger RNA S0 RAGHIITEAOHETFHEEL T3, E®
W& LTk cyclic AMP & cyclic AMP 23435 CAP (MiTh sz vz B4
L, zomE0E X X b RNA polymerase 75 promoter 32 iiE S L, FDORE lactose
messenger RNA O&ENEET 2. KBEEOHEMARN cyclic AMP DB EITEEH O 44,
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CERREFICL o TERL, H2XKBEL 7 FYECEET S L EEAN cyclic AMP
DEEITEHCTHAD L, LOFER lactose operon OFEBITAbhic\. —7, AORT
L LTSS BEF oL bh b lactose repressor 2388 5- 1, = ® repressor 7% operator
ST A LI b lactose messenger RNA &R OBEHE IR S, lactose
repressor (% inducer, % ¥ lactose ONHEEW LEESTHEF v A2 EEIEILL,
ZDFEE repressor 1% operator 2> HEEL lactose messenger RNA &R BB T 5.
DX 5 lactose operon O EFIZIEEBORTIC X » THBPIHE &4, lactose operon
a—FENRTw5320% v Ar BREOLLIE UFRIC A BNTEE, I#Hlsh T
Wh.

LB, KEBE® lactose operon D%k & H BIETFRIEDEARRBRELAEN Ulcss,
KIBE Do operon, 2 1% galactose operons=® m T4 FEARICIL lactose operon
LR, ELLTBREDORETES S VWIRADHFIRL » THPEHB S T35 4
B ONET o T 5B,

2, FTi& acetyl-CoA carboxylase O5E, H#HgiE

BEBYORETFRIOMERMEL, B, MMLLlRcSBECERER 25V
~27, {fl%i¥ hemoglobin, immunoglobulin 2 © messenger RNA 2358 XH, %E
CHENEh2o055%, LORMLBEIETHTH.

=7, REEMoBERELHET I bO s EEFHREOFE, NHoBECE T2
iz, RERESOREYHNL ECHECEETHHY, BRERTHINP 2 CENCL
i, REFENERARDIAT OISR, 22T, BHREROAFEREE
ELTEERFE R R 1L T3 acetyl-CoA carboxylase o5&, il ET 5%
EDDRADOHEE PRI Uiz,

HREOERSEBHRESHIIE~ ORBE&HR X » TEHAREGT52, COFHLE—FL
CHEHEHEE O acetyl-CoA carboxylase DG v <L nEE L, FEZITEHEEIEE
AROFBEEHREL L CREIBAEROFAHCERLBEEH LR LT3, K1k, LD
Do E O 2 ORBIEEC BT AIFEMBEFD acetyl-CoA carboxylase DEM: 1<
NOEEOEBE RBECENCHEN LERY D0 THZY Y. kB R
BB HE, BT RAeRERERAEHEE S 2 1BE, TedFrvBETID
B BRI - 2B, EORBERIEBEDCSES, Wih L BB E
LBERT A2, CoBEE L —F L CHFEHRBEF O acetyl-CoA carboxylase O v
SADEEL, ZOEEVSPOEBRABROBOLEC LS Z 2R OFERITL
TWw5b.

X LI 2 DRI BT 5 acetyl-CoA carboxylase D& REESR L OO BEEYHF
LR, RIKARKRLCDEL, BETy FERODh IEREORAPRER, o8&
OBWELT L - CTREAZK TV, MOFHEOBEREOTHIEL L THEDOFREED
B LB ELNTHS. FLTLDLSRERBEOEHEL LTHETEE
DEROTEEES X S@EITT 5 7291, acetyl CoA carboxylase &L T3
YV~ ADRE, EEEXRRLET,
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% 1. i ORBEBCIT BEFE acetyl-CoA carboxylase DEfFRE,
BEEDOERE L OO EEE 0Z (e

Animals EnzymeEcontent Rate of(kssgfnthesis Rate of S;%radation Be/ka
Rats % % %

Normal 100 100 100 100

Fasted 28 54 190 28

Refed 376 405 107 378

Diabetic 53 59 100 59
Mice

Normal 100 100 100 100

Obese 1,020 775 58 1340

In steady state: E=ki/ks

Polysomes iMonosomes
I5¢ v ]
¢ *+Control Fglobulin  :
U
2o o ]
< ) ff_+Acetyi-CoA
g_ ‘ A:/p‘ carboxylase
© 5 '&EE.A--_ﬂ.n..A.A_,«gjd’ S+Unlabeled
B Bnooo” antlbody
© 5 10 15 20

Fraction number

B 2. BI-EEbIARK X % acetyl-CoA carboxylase
EEAEY V— ADRFE?D

RY V- A0FEE, B, acetyl-CoA carboxylase x4 5 ENHGESL ¥ ©
L, o WI-EEHIENEY V— s kO acetyl-CoA carboxylase © nascent peptide
CHET2REYEET»HEEAvie. Z0ER, N2RRERbh2 T ESATE I VIE
iR acetyl-CoA carboxylase AV V— aFAETCELCEXBE LN E Ko
oo Tl s WAL R) Vs 2 RE3E, RINEYEEREARETELT S E
BL-FHAEIZEVRY V-2 EALTWE. 5T BHEOEH L T\ v acetyl-
CoA carboxylase Hifd%a R Y v~ a2z b &, COBFHOHEC X PI-Hitko R Y
Ve ANDEEARER SRS, —F, ®B -7/ 7V v CRALAERYLTCARE -7
B7 Y VL B EAD R Y V- A NOFFRe B e L. SHRBHEL L
acetyl-CoA carboxylase # £ VYV —2 @Mz s s, TOBMEENRY vV — 2 ko
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# 2. FBxoREE&ECKT AFE acetyl-CoA carboxylase ®&FH
EOBLE AERLERLTH5E Y ¥V — AB0EEO HEF1®

Animal Rate of synthe?igsram H%c;rl})tent of polysome
Rats
Normat 1.0 1
Fasted 0.5 1/2
Refed 4.1 4
Diabetic 0.6 1/2
Mice
Normal 1.
Obese 2.7 2

nascent 7r acetyl-CoA carboxylase @ peptide (#EHL, PI-HEORY V— A0
EATZELLEEINLE. D EoERER L v BI-HfiL acetyl-CoA carboxylase %
ERLTHERY V- AEERCESL, $IoBARMLR) V-2t LER
e GT5 2 R bnbins DT, WICHB LcE 2 DL&ECRT 2HED ace-
tyl-CoA carboxylase &4V V' — 2B % HlsiEe Uiz,

2R FOBEEY T LDLOT, BxOoR#UELEC KT HHE Y5 24 DD acetyl-
CoA carboxylase & AEV VvV — AR FRLHOEBIBT AABROGRBEEOEL
MELTHL. COEMLLE LML S, HFiED acetyl-CoA carboxylase DE&BORE
ORI ARBERZ SR LT BEY V—20F L I ~RLTEHL TS5 Z LABE LR
ThHL., oD Lit, FFED acetyl-CoA carboxylase &HEEOE{LINKBEEICRD
NEBEOFHE, MEOEE LU {AEHD messenger RNA g0 ZLiciEH LT
BLEEBITFELTNS.

KDY 5 CEECBRETHEFINTWA EE L bR b acetyl-CoA carboxylase @
8, MR EET AHEAETEELC B EELYRERY ACTRCELHER YR
HELTWBDTERERBN L. BEREEMRELEL CAZMERT, »oXBEER
HBERT A LRNAESTH Y, BEEYOETARELTHFEOLDOTSHS. ETE
HLOERI LA L, BROBEMICIBIEL Nt 5 L BR O acetyl-CoA carboxylase @
HBRNVELLBEEIR SR, —FHEREBD bIgE CoA %0  BEER, acyl-CoA syn-
thetase D /RIB L7 EECIEFEE L N2 T4 acetyl-CoA carboxylase D&RDE T
£ALRE. ZOEENS EEOIEKIICRLAD &L acetyl-CoA carboxylase @
EROIEHCIZIERR CoA A5V ORFELLZALHOFBTHREL TS L%
FRL, BEAIPNEERHSRT &L TE BINCER R A TS, B Lo X 3
w, BEREE, BRBORLEEARHRETO 1 S BHEBEROREBRE CHL1D, #H
HET- 238 S T FUE BRI, BN O BE R X ORR O BEICEH LTI
LELZBRD.
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Exogenous fatty acid

Acelyl-CoA——> Malonyl-CoA. Fatty acid
ACETYL-CoA
CARBOXYLASE

*

L)

{Fufty acyl-CoA

Falty acyl-X

X 3. Acetyl-CoA carboxylase oiI%#EREY

3. BEIERENHKRILEL D in vitro 4K

EIEEERME A vy (ACTH) RTEEL AW EhEIEDOAT v 1 FEADHEEY
FALBERELAVEYTHD, AArEVOFPEEIC L - T Cushing Wi L2y,
Ak VEEORFEELHOAC T LRERNCLEERMETHS. ILIER
A EYDEERT, BERTHCT2L Bb corticotropin releasing factor & L OEIB®
AFRAFALVEVIL L - TFACHEE 2 h, ACTH EARSOSFEEL#NT
ERESEEHORETRACOATER LM% LT BRI B LZATHS.

ACTH 239D 7 3 /B S B0 FEH 4,500 @ single polypeptide hormone
HBHD, BRETFHLWIZ Y D TEECE VLTS TR #30,000 S OFHREDE TR
EhBZERRBEIRE. LaL, ZOFMBREREERN, $I00H, BEOBR TR
BRI L - CEABEOBIh, RESHE, BEINTE LT, ACTH 9ilRA4E & HKFEE
DFREBIL LA A, ACTH FilREOEEELIZ LA EH LA TR,

Tz Thhbhik, HERFOFNITRE LBRANEC L v ACTH BEEFRHOL TH
B2 S, %% ACTH messenger RNA 7 BEBETS & bhie ACTH iRk
w5701z, TEME messenger RNA 55 wheat germ O&flax v <7 8RBT
X » T ACTH iBRE 2 RBREATER TS  E B4, BEMITHRFRETERL
17 30 BEIVE v A ERCHELREE YN /o wheat germ DOEMlX v 7 &
BRI BEL 1o F#fED messenger RNA #fnx &% v <2 28K T5. KT, BRIN
B E v 2 ACTH BRI U roRAsd A d iz 5195 double
antibody immunoprecipitation ¢ immunoprecipitate 0 < H¥, GBIkt ACTH
OFTEREA A3 %. ACTH §jER&E D/ F &1L sodium dodecyl sulfate polyacrylamide
gel electrophoresis & X » THE L.

K41z, ACTH 0 19&»524F B0 7 3 / BESICHT 54 AV cBoERER
ERLACSDTHB, BHbaie ACTH Hifkic X » THFEHS5, 000 L 5 FE22, 000
DAYV A7 PREIRI TS, BiZOME D v~ 713 ACTH Hifssing %53 DICK
Bor-7e 70 vEhz B3 Brninwz end, ACTH fifdic & » THREHCRIG
LB FERNS5 0000 % v 7 THBH Z PR REIRS. SORFHED & v
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368K 36K 17K dye o
A d

control 1gG
| antiACTH ]

n

CPM x 102

DISTANCE {(cm)
XT4. SDS-polyacrylamide gel electrophoresis i X % BiBR{k
DEFERDWRE
W2 v S 7 BERFR X - TER S hic ACTH RiBR

PP L b ER L, SDS-polycerylamide gel elec-
trophoresis %45 - 719,

X7 DFENDFEET (1~18) ACTH o X - Tk £ ER I v (1~24)
ACTH OFINC X D ZREEM I D 2 LB TER 35,000 D v -2 712195 H 524
FZFHD ACTH 07 3/ BEFICHT 534 L - THRAICRE LA OTHD 2 &,
Fiebhb ACTHRIEAEI P TFEN 35,0002 v A2 THEZ LBHLNTHD. BED
peak X, NENERESOBCIESENCEEZ I EhicZ v 37 TH5S. EbIC peptide
mapping 12X 58 VA7 LZFHEC Y - Th o FEH 35,000 0% v 220 ACTH o
73 BEFIREOC LN bhi.

DEDERHEL Y, RBEOHCTEME messenger RNA 725 ACTH BiEfEas
BEXhaZ B bhlole. TOILIZSBIORR Y » T TFEMA ACTH messen-
ger RNA BRHIECEB L2 ERTIDOT, S4B Z0RIC Y » T ACTH BEAFED
FFREELBRLIC. —F, bhbhOoBRI 045 FEHN4,5000 ACTH 41 EH
35,000 DIEERCKERTEELSLTECL B2 B LML EA Y, ZoERIT ACTH 7
RfkodT ACTH LIStOEo o vl 2 £ MERY OO L W5 Bk D 5 1EL
BELTW3.

Pk, RYVHEIOY ARBCTEREDbhbhOAELHLE, AGBEOEETRERY
ERWERYSEC L2 D, REBYRETRECOREBEC—EE2HEA L. $BH
EOHEVRRIRIILRL LD, BEBVRETRIOFMLSFEELL LIPS
PRELEEVWEDLEEL TIN5,



D
2)
3

4)

6)
7)
8)
9)
10)
11)
12)

13)
14)
15)

16)

BAANBEGEESE 21 MAKEY RS YA (1976) 101

REFERENCES

Jacob, F. and Monod, J. 1961. J. Mol. Biol. 3: 318.

Gilbert, W., Maizels, N. and Maxam, A. 1974. Cold Spring Harbor Symposium 38 : 845.
De Crombrugghe, B., Chen, B., Anderson, W., Nissley, P., Gottesman, M., Perlman, R.
and Pastan, 1. 1971, Nature New Biol. 231: 139.

Nakanishi, S., Adhya, S., Gottesman, M. and Pastan, 1. 1975. J. Biol. Chem. 250 : 8202,
Nakanishi, S., Adhya, S., Gottesman, M. and Pastan, I. 1973. Proc. Nat. Acad. Sci.
USA. 70: 334.

Nakanishi, S., Adhya, S., Gottesman, M. and Pastan, I. 1973. J. Biol. Chem. 248 : 5937.
Nakanishi, S., Adhya, S., Gottesman, M. and Pastan, I. 1974. J. Biol. Chem. 249 : 4050.
Nakanishi, S., Adhya, S., Gottesman, M. and Pastan, 1. 1974. Cell 3: 39.

Numa, S., and Yamashita, S. 1974. Curr. Top. Cell. Regul. 8: 197.

Nakanishi, S. and Numa, S. 1970. Eur. J. Biochem. 16: 161,

Nakanishi, S. and Numa, S. 1971. Proc. Nat. Acad. Sci. USA. 68: 2288.

Nakanishi, S., Tanabe, T., Horikawa, S. and Numa, S. 1976. Proc. Nat. Acad. Sci.
USA. 73: 2304.

Tanabe, T., Horikawa, S,, Nakanishi, 8. and Numa, S. 1976. FEBS Lett. 66; 70.
Kamiryo, T., Parthasarathy, S. and Numa, 1976. Proc. Nat. Acad. Sci. USA. 73: 386.
Hirata, Y., Yamamoto, H., Matsukura, S. and Imura, H. 1975. J. Clin. Endocrinol.
Metab. 41: 106.

Nakanishi, S., Taii, S., Hirata, Y., Matsukura, S. Imura, H. and Numa, S. 1976. Proc.
Nat. Acad. Sci. USA. 73: 4319

B3] &FEbhi ki ACTH messenger RNA I h &It ACTH Bk, thiptmicE
ELTEEAVEY, =V A7 4 YEIVERARIME e v EFPRABCEER TV 5 T
LI BYIARAT rA Fhilevit ACTH pE4A% ACTH messenger RNA ESXTE IS
L THELTWAZ LWL L.

17) Nakanishi, S., Inoue, A., Taii, S. and Nnma, S. 1977. FEBS Let!. in press.
18) Nakanishi, S., Kita, T., Taii, S., Imura, H. and Numa, S. 1977. Proc. Nat. Acad. Sci.

USA. 74: 3283.



