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Phosphoenolpyruvate carboxylase (PEPC) catalyzes the following CO.-fixation reaction:
phosphoenclpyruvate+-HCOs —oxaloacetate+HPO2~. We have been studying with intent (i) to
clone the gene (ppc) for PEPC of photosynthetic micro-organisms as well as of Escherichia coli, (ii)
to incorporate the gene into multicopy-number plasmids, and then (iii} to transform the organisms
with the obtained hybrid plasmids to confer them an ability of enhanced CQ.-fixation.

1. Characterization of the ppe gene of E. coli—The ppe gene coding for PEPC of E. coli was
subcloned into the plasmid pBR 322 to give the plasmid pS2. The PEPC content in the cells of E.
coli bearing pS2 was 20 times as high as the wild strain. The nucleotide sequence of the ppc gene
was determined by the Maxam-Gilbert method. From the sequence (2649 base pairs), the primary
structure of PEPC subunit was deduced. The subunit was found to be composed of 883 amino
acid residues, having a molecular weight of 99061, The validity of the deduced amino acid se-
quence was supported by the amino acid composition and amino acid sequence of N- and C-ter-
minal regions of PEPC. The initiation point of transcription of the ppc gene was found to be
located at 91 or 92 base pairs upstream the initiation peint of translation by the 51 nuclease map-
ping method. The nucleotide sequence of the —10 and —35 regions (region recognized by RNA
polymerase) were fairly in accordance with the consensus sequence hitherto reported. Deletion
analysis of the flanking region upstream the ppc gene showed that the —50th to —140th region
contributes significantly to the expression of this gene,

2. Properties of PEPC's of two photosynthetic micro-organisms--The properties of PEPC’s
of two blue-green algac {Anacystis nidulans and Spirulina siamese) and one green alga {Chlorella
regularis) were studied in comparison with that of E. celi. Analysis of the reaction products of
HCO,-fixation in A. nidulans and C. regularis showed that the fixation was mainly due to PEPC
reaction, The enzyme of the latter organisms was fairly stable, but that of the former was very
labile. The enzyme of the former was found to be stabilized by the addition of 20% glycerol.
The enzymes of both organisms were characterized. The latter enzyme was inhibited by the com-
pounds such as L-malate, fumarate and succinate, but the former enzyme seemed to have no al-
losteric effector so far as examined,

3. Cloning of the ppc gene of A. nidulans and determination of its nucleotide sequence~~At
first, an attempt was made to get the ppe DNA of A. nidulans by the DNA-DNA hybridization
technique using the ppc DNA of E. coli as a probe. But it was unsuccessful. The cloning was
performed by the shot gun method. The chromosomal DNA fragments were Hgated to an E. coli
vector, pBR322. They were introduced into E. coli K802 (r~, m*} for the preparation of gene
library of 4. nidulans. The plasmid DNA was used for the transformation of the Glu~ phenotype
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of E. coli PCR1 {ppc). The cultivation of the transformant produced PEPC characteristic for A.
nidulans. The enzyme did not undergo a regulation by the compounds such as acetyl-CoA and L-
aspartate which are allosteric effectors of the E. coli enzyme. In addition, it was confirmed by
Southern blotting method that the DNA fragments obtained originated from the chromosomal DNA
of A. nidulans. Nucleotide sequence of the cloned ppe gene of the alga was determined by the
“dideoxy method” using M13 phage. From the sequence of the coding region of the ppe (3051
base pairs), the amino acid sequence of PEPC subunit was deduced. The subunit was found to be
composed of 1017 amino acid residues, having a molecular weight of 117290, No big difference
was found in codon usage between A. nidulans and E. coli except for the usage with high frequen-
cy of CCC for proline and AAG for lysine in A. aidulans.

The amino acid sequence of A. midulans PEPC was compared with that of E. coli PEPC,
There was observed about 30% homology as a whole and 40% homology in the C-terminal halves.
The higher extent of homology in the C-terminal halves might suggest that these halves of the
polypeptides are responsible for the formation of the catalytic domain,

4. Construction of shuttle vector between E, eoli and A. nidulans cells—A shuttle vector which
can autonomously replicate both in E. coli and A. nidulans cells was constructed by ligation of a
small inherent plasmid of A. nidulans with E. coli plasmid vector pBR328, It was possible to trans-

form A. nidulans cells by using of this vector conferring resistance to chloramphenicol.
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TCACCGC T T TACG TG s T TTATAAAAGACACCAMAAG AN AGCCOBABCA AT TCE L CCAN T CGAC TOAACEATACAG GG CTATOARCOATAAGA POCGRTETETOREC LT

ATC
Met

ATT
Ile
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ATT
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ATG
Het

TTG
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AAC
Asn

GTT
Val
AGC
Ser
GCG
Ala
GAA
Glu
CAG
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GIC
¥al
66
Trp
ACG
Thr
TCC
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CcIG
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TAT
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GCG
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£CA
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TCA
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TGG
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TAC
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ACT
The

#AC Gah CAA TAT TCE GCA TIG CGT AGT AAT GTC AGT ATG CTC GGC ARA GTG CTG CGh GAA ACC ATC AAG GAT GCC TIG GGA GAA CAG

Asa Glu Gln Tyr Ser
CTT GAA CCC GTA GAA
Leu Glu Arg Val Glu
AAT TTG TCG AAC GAC
Asn Les Ser Asn Asp
TCG CCG AMA GGG GAA
Ser Pro Lys Giy Glu
ATC ARA BAA GCA CTG
Ile Lys Lys Aln Val
GTG GAA BTG AAC GCC
Yol Glu Val Asn Ala
ATC GCC €AG TCA TGG
Ile Ala Gln Ser Trp
AGC CTG TGE CaA GGC
Ser Leu Trp Gln Gly
CCG GTC C6T TIT ACT
Fre Val Arg Phe Thr
CGC TGG AAA GCC ACC
Arg Trp Lys Ala Thr
CTG GTT GGC GAA GAA
Leu Val Gly Glu Glu
GCG CGC CIG AMA GGC
Ala Arg Len Lys Gly
TCA CTT CAG GCG 1GT
Ser Leu Gln Ala {ys
CGT ATT GAT AC CGT
Arg Ile Asp Tie Arg
TCA GAG GCC GAC AAA
Ser Glu Ao Asp Lys
CGC GAA GTG CTC GAT
Arp Glu Val Leu Asp
GAC GTA TG GCT GTC
Asp Val Leu Ala Val
AAC AAG GCC AAC GAT
Asn Asn Ale Asn Asp
TCC GAC TCA GCA AAA
Ser Asp Ser Ala Lys
GGT ATT GAG CTG ACG
Gly Ile Giu Leu Thr
GGA AGC CTG AAA GGC
Gly Ser Leu Lys Gly
TCG CTT TAT ACC GGG
Ser Leu Tyr Thr Gly
GTC ATC TCC TGC GAT
Val lle Ser Cys Asp
GGC AMA CTG CCG TTG
Gly Lys Leu Pro Leu
ACG CAA MAC CGT CTG
Thr Gin Asn Arg Leu
GCT ATG TGC CGC GAT
Ala Met Cys Arg Asp
TAT GAC CAa CGC LTG
Tyr Asp Gln Arg Lew
ATT GGC AAC GAT TCC
Ile Ala Asn Asp Ser
TIG CAG GCC GAG TG
Leu Gin Ala Glu Leu

ATT GCC GGG ATT GCG
Ile Ala Gly Ile Ala

Ma Lew Arg Ser Asn ¥al
ACT ATC COT ASG TIG k1o
’Ihr Ile Arg Lys Leu Ser
GAG CTS CTG ECC GTT GGG
Ciu Leu Lew Pro Val Ala
GCT GCC AGC AAC CCG GAA
Ala Ala Ser Asn Pro Glu
GiA TCG CTG TCG CTG GAA
Glu Ser Leu Ser Leu Glu
TGT TTA AAA CAG CTC CAT
Cys Leu Lys Gin Leu Asp
CAT ACC GAT GaA ATC CGT
His Thr Asp Glu lle Arg
GTA CCA AAT TAC CTG CGC
Val Pro Asn Tyr Lou Arg
TCG TGG ATG GEC GGC GAC
Sor Trp Met Gly Gly Asp
GAT TIG TTC CTG AAA GAT
Asp Leu Phe Leu Lys Asp
GGT GCC GCA CGAA CCG TAT
Gly ala Ala Glu Pro Tyr
GAA GAA CTG CCA AAA CCA
Glu Glu Lew Pro Lys Pro
GGC ATG GGT ATT ATC GCC
Gly Het Gly Ile Ile Ala
CAG GAG AGC ACG CGT CAT
Gln Glu Ser Thr Arg His
CAG GCG TTC CTG ATG CGC
Gln Ala Phe Leu Ile Arg
ACT TGC CAG GTC ATT GCC
Thr {ys Gln ¥al Tle Ala
CAC CTG CTG CTG AdA GhA
flis Leu Lou Lew Lys Glu
GTC ATG ACC CAG CTG CTC
Val Het Thr Gln Leu Lew
GAT GCG GGA GIC ATG 6CA
Asp Als Gly Val Met Ala
TIG TTC CAC GUT CGC G6C
Leu Fhe His Gly Arg Gly
GGC CTG CGC GTA ACC GAA
Gly Leu Arg Yal Thr Glu
GCG ATT CYG GAA GCC AAC
Ala Ile Lev Glu Ala Asn
GTC TAG CGC GGC TAC GTA
Val Tyr Arg Gly Tyr Val
GGT TCA CGT CCG GCG AAA
G}y Ser Arg Pro Als Lys
ATG CTC CCC GCC TGG CTG
Met Leu Pro Ala Trp Leu
T6G CCA TTIC T1C TCG ACG
Trp Pro Phe Phe Ser Thr
GTA GAC AAA GCA CTG TGG
V.:l Asp Lys Ala Leu Trp
(.AT CIG ATG GCC GAT {16
Hiz Leu Met Ala Asp Leu
CTG €CAC CGC TCC CGC CAG
Leu His Arg Ser Arg Gln

GCA GCT ATG CGT AAT ACC
Ala Gly Het Arg Asn Thr

Ser Met Leu Gly Lys Val Leu Gly Glu The Iie Lys Asp Ala Leu Gly Glu liis

AL TCT TCA CGC GCT GGC AAT GAT GCT AMC CGC CAG GAG TTG CTC ACC ACC TTA
Lys Ser Ser Arg Ala Gty Asn Asp Ala Asn Arg Gln Giu Lew Leu Thr Thr Lcu
CGT GCG TTT AGT CAG TIC CTG AAC CTG GCC AAC ACC GCC GAG CAA TAC CAC AGC
Avg Ala Phe Ser Gin Phe Leu Asn Lew Ala Asn Thr Ala Glu Gln Tyr liis Sez

GTG ATC GOC CGC ACC CTG CGT AAh CTC AAA AAD CAG CCG GAA TG AGC GAA GAC
Val Ile Ala Arg Thr Leu Arg Lys Leu Lys Asn Gin Pro Glu Lew Ser Glu Asl':

CTG GIC CTC ACG GCT CAC CCA ACC GAA ATT ACEC (.IGT CGT ACA CTG ATC CAC AAA
Lew Vai Leu Thr Ala His Pro Thr Glu Ile Thr Arg Arg Thr Leu 1le fiis Lys
AAC AAA GAT ATC CCT GAC TAC GAA CAC AAC CAG CTG ATG COT CGC CTG CGC CAG
Asn Lys Asp I1e Ala Asp Tyr Glu Ifis Asn Gln Leu Met Arg Arg Leu Arg Gln
AAG CTG CGT CCA AGC CCG GTA GAT GAA GCC AAM TGC GGC TTT GGC GTA GTG GAA
Lys Leu Arg Pro Ser Pro Val Asp Glu Ala Lys Trp Gly Phe Ala Yol Vol Glu
GAA CTG AAC GAA CAA CTG GAA GAG AAC CIC GGC TAC AAA CTG CCC GTC GAA 'ITI‘
Glu Lew Asn Glu Gln Leu Glu Giuw Asn Lew Gly Tyr Lys Leu Pro Yal Glu Phe
CGL GAC GGG AAC CUG AAC GTC ACT GCC GAT ATC ACC CGC CAC GTC CIG CTA CTC
Arg Asp Gly Asn Pro Asn ¥al Thr Ala Asp Ilc The Arg lis Val Leu Leuw LEt'l
ATT CAG GTG CTG GTT TCT GAA CTG TCG ATG GTT GAA GCG ACC CCT GAA CTG CTG
11t Gln Val Lew Val Ser Gie Lew Ser Met Val Glu Ala Thr Pro Glu Leu Ley
CGC TAT CTC ATG AAA AAC CTG CGT TCT CGC TG ATG GOG ACA CAG GCA 1CC CTC
Arg Tyr Leu Met Lys Asn Leu Arg Ser Arg Lew Met Ala Thr Glo Ala Trp Leu
GAk GGC CTG CTG ACA CAA AAC GAA GAA CTG TGG GAA CCG CTC TAC GCT TGC TAG
Glu Gly Lew Leu Thr Gis Asn Giu §lu Leu Trp Glu Pro Leu Tyr Ala Cys Tyf
AAC GGC GAT CTG CTC GAC ACC CTG €6C CGC GTG AAA TGT TTC GGC GTA GO CTC
Asn Gly Asp Leu Leu Asp Thr Leu Arg Arg Vol Lys Cys Phe Giy Yal Pro Leu
ACC GAA GCG CTG GGG GAG CTG ACC CGC TAC CTC GGT ATC GG GAC TAC GAA AGC
Thr Giw Ala Leu Gly Glu Leu Thr Arg Tyr Leu Gly Ile Gly As_,p Tyr Glu Sm:
GAA CTG AAC TOC AAA CGT CCG CTT CTG CCC CGC AAC TGG CAA CCA AGD GCC GAA
Glu Les Asn Ser Lys drg Pro Lew Leu Pro Arg Asn Trp Gin Pro Ser Ala Glu
GAA GCA CCG CAA GGC TCC ATT GCC GCC TAC GTG ATC TCG ATG COG AAA ACG CCC
Giu Ala Pro Gin Gly Ser Ile Ala Ala Tyr Val Ile Ser Met Ala Lys Thr Pro
GG GOT ATC GGG TIT GCC ATG CCG GTT GCT CCC CTG TTT GAA ACC CIC GAT GAT
Ala Gly Ilte Gly Phe Ala Met Pro Val Ala Pro Leu Phe Glu Thr Leu Asp Asp
AAT ATT GAC TGG TAT CGT GGC CTG ATT CAG GGC AAA CAG ATG GTG ATG ATT GGC
Asn Ile Asp Trp Tyr Arg Gly Lew Ile Gln Gly Lys Gln Met Yal Met Ile Gly
GCT TCC TGG GCC CAA TAT CAG GCA CAG GAT GCA TTA ATC AAA ACC TGC GAA AAA
Ala Ser Tep Ala Gla Tyr Gln Ala Gln Asp Ala Leuw Ile Lys Tt‘ar Cys Glu Lys
GGT TCC ATT GGT CGC GOC GG GCA CCT GCT CAT GCG GCG CTG CTG TCA CAA CCG
Gly Ser Ile Giy Arg Gly Giy Aln Pro Ala His Alz Ala Leu Leu Ser Gla Pro
CAG GGC GAG ATG ATC CCC TIT AM TAT GGT CTG CCA GAA ATC ACC GTC AGC AGC
Gl Gly Giu Mot Tle Arg Phe Lys Tyr Gly Leu Pro Glu Ile Thr Yal Ser Sm:
CTG CTG CCA CCG CCG GAG CCG AAA GAG AGC TGG CGT CGC ATT ATG GAT GAA CIC
Leu Leu Pro Pre Pro Giu Pro Lys Glu Ser Trp Arg Arg Ile Met Asp Glu Leu
CGT GAA AAC Ad& GAT TTT GTG CCT TAC TTC CGC TCC GCT ACG COC GAA CAA GAA
Arg Giu Asn Lys dsp Phe Val Pro Tyr Phe Arg Ser Ala Thr Pro Glu Gln Slu
CGT CGC CCA ACC GGG GGC GTC GAG TCA CTA CGC GCC ATT CCG TGG ATC TTC GCC
Arg Arg Pro Thr Gly Gly Val Glu Ser Leu Arg Als Tle Pro Trp Ile Phe Alo
GGT GCh GGT ACG GOG TG CAA AsA GG GTC GAA GAC GGC AAA CAG AGD GAG GTG
Gty Ala Gly Thr Ala Leu Gln Lys Val Val Glu Asp Gly Lys Gln Ser Glu Leu
CGT CTC GGC ATG CTG GAG ATG GTC TIC GCC AAA GCA GAC CTG TGG CTG GUG GAA
Arg Leu Giy Met Lou Giu Met Val Phe Ala Lys Als Asp Lew Tep Lew Ala Glu
CCG TTA GGT AAA GAG TTA CGC AAC CTG CAh GAA GAA GAC ATC AAA GIG GTG CIG
Pro Leu Gly Lys Glu Leu Arg A:.n Ley Gln Glu Glu Asp Ile I..ys ¥al ¥al Leu
CCG TGG ATT GCA GAG TCT ATT CAG CTA CGG AAT ATI’ TAC ACC GAC CCG CTG AAC
Pro Trp Ile Ala Glu Ser Ile Gln Leu Arg Asn Ile Tyr Thr Asp Pro Leu Asn
GCA GAA AMA CAA GGC CAG GAA CCG GAT CCT CGE GIC GAA CAA GCG ITA ATG GTC
Ala Glu Lys Giu Gly Gln Glu Pra Asp Pro Arg \'a}. Glu Gln Ala Leu Met Val

GGC TAA TCTPOCTETTCTCCAMCOCTCRTOCTTTIS00CCABCCTTTTCTGAMTACTICTCTTC AN
Gly STF

A O T TGN T T GG TG G CA T LT AT T A G FG AT AT A TTCAGA TATO G L A G AR T TETCO TTACA T T OOGA T I T T T I TCAAACAGOTTCT G

TGCATTOCACAGAAGTCCAGCCTARCCTCTTTT | 28668
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WA LT, B pH ik 8.0, HER I V=T -
¥ 2—0 K, i, Thth, PEP, 0.53 mM,;
KHCO,<0.2mM; Mg**, 0.18mM Ch -7, =
7 o2 ¥R BT, Vv TER, T
B, a~sEBh o C-lBEERR LY, - kX
B Lk AR YO EBE 7Fr L »TO
REEOMBEHEYF i, E. coli v PEPCH7 =
AFV g 72T o 78 —=ThHhHTF-CoA, 7
AATF WA ECH L, JEREE cho
foo 7 pE—2 6B BBEE Licyr 580 7
Lrm= T 7 -k b, C regularis
PEPC 414t 30 TfcsitmEShis,

3)  Anacystis nidulans D ppe DI v — = v 7

F Lol AR T BeE

2) ¥R PEPC SE:AH Rhicz d, &
IO, EEESH DY EB LT, X
AREHAEY & LC BAIRaE 5 v # 0  Anacystis



nidulans % JEL, FD ppe DI v —=v I
FTEHZ I Lice A nidulans 3, W&t
DT, FOEE-<r & —-ENEL LM
FEhibDThHBH, T, DNA-DNA 1 7
VHEA4 - vtk b, E coli & ppc DNA
& A nidulans @ ppc DNA pi~g 7Y, P
TR L Lh BRG] Lok, EvkEtr o
LB TE BEMEE VT ~T TV 4 XL
e otoy Tidoth, E. coli ppc DNA %7 m
—FIER et TV EAE— v g VIR X T,

A, nidulans @ ppc fe 2 v — =2V T HI LT
Efpvo Eddbmeto, WiIZ, E. coli @ ppe R
Bk (PCR1) DEHIM (7o 3 wERE) &
s L LT, 4. nidulans © ppc
Dy wr—=vSERA B Ui, UTrzof
AT, A. niduans 6301 §5° 7 A DNA %
HIMREESE Sau3Al ¢ LAH, 7He -2
HFLEGRIC AT 4-20kb 0E S0 DNA D
SR L, - Ban HI ¢{E4k L E. coli
DNy x—73 %31 F pBR 322 @ DNA Z#i2

R, 27 FA1F DNA 2%, E. coli
K802 (r~, m*) w#iA LT, E. coli DEMRIT
X T DNA %48fiL, E. coli DYIERT L »
THMEIRL G5 Lk, coiEfiishics s
AL FDNA#, K802 0752 FIREHEI D
BB, ppe KIA#E PCR1 o ME#nM 1 #51
Too # 12000 oM oW T L E 2 5,

IR vEBERE R SRS T T AL KA 5 {E
Bhh, Fhbh%, pAlll, pAl7l, pAlT2, pA
181, pAlS2 2HH Lz, TABLDTSAI VY
H¥FT 5 PCRI a5 L, 20% 7Y xe—-n
AT Jllas TR UC SRRk T % PR L
Too BB OBHRIEEENELLE A, Tiric
PEPC ka8 bh, EEOTEMR LI YT e
AFN o P27 o 2~ HT5BFEHECE
T, A nidulans OEFEOBEYRL, BEHhC
E. coli ®L DR/ » Ty ZOBEEORH
HEHMRC TR ERT 5, Fk, Southern
TRy MEFCLYD, ChBOFT A FiCHla
AFERhT DNA WK, A nidulans 7 A0

; o 1 2 3 4 5 8 7 76 kb
Plasmid ppe - 1 i 1 I | | | J
&7 BaXx XAv K W
v K H
A, pA1BH BgK Av Ac Ny ) SRS Av
WA S i T
1 1 ]
paTL -+ — . ‘ T —
1 I 1 [] []
i | 1
PATZ st = A
1 1 [] t
PMTZA  + T} : : ! | '[::
I
L ! C
PATZD = re——— | ! L
[ 1 |
I
pamcz  — —J b : P oo——
I
I
pATS  + T i —
ppe o
ppC
CAITISHIL 4 it 1l 1 1 P m
wallVAN FAN T T LA
E H K XAv X Ba Ac Av KBg HS S Av

Ed 6. Anacystis nidulans © ppc & DNA ) oIREEIR0T SO0E & 18 « DR 4EE
B MR OMAC LS ppe OB BT, BREDA—i3-47 2 — pBRI22 ff
SR, Bt e - vibEhis A nidulans © DNA %R+, ppe SURBR AT
BENDOBBTIA: F 4+, felnb D% — TRY. 7523 FpAlTLSHL 43, b
DOTNTOHROEFA7 2 — W TE AR FAE B LA bDTEHD, RAW
“maxicell” ¥ BLHESE Liz poe D% LT OME IEFARTRT. RS
G E=FEeo RL, He=Hindlll, Bg=Bglll, K=Kpnl, Av=Aval, Ac=Acel, Ba=

BamHl, X=Xho1, S=5all,
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CCTTTATGCG0TAGTTEATCACAGTTAAATTO CTAACGCACTCAGGCACCETETA TE ALATCTACAATCLE CCATCG TCATCCTCOGCACOGTCACCOTAGATGCTGTAGOCATAGS 122

CITG0TTATOCCRGTACTOC0CE0CTOTTOCO0EATATCETCEATTC0  ACAGCATCRCeAG TEACTAIGGCETRCTOOTAGCOCT AEATOCO TTEATCOATITCTATGEOCACCEOT 242
WRTR 4

TC?CCGAGCA(:TGTCCEACCGCHTGGCCGCCCCCCAGTCC‘MCI‘MCITCGCTAC’“I‘GGAGCCACTATCGACTACGCGATCATGGCGACCACACU}G‘I‘CC’I‘G‘ICGATCACGGC‘!TCCCG 362
SRSTVRPLW?PPSPARF.\THSI{YRLRDHGBEETF{PVDHG 44

'TCAGCMCDGTCCAGATCCGCCC‘NCG'I‘ZUI‘GTG’!CCAG'I‘CAGACG‘I‘GG‘I‘GGGATCAGGFnATCCACCTAGA ANTTACTGCCAGAACGCTCGAACTOCCATGAGTGCTOCTCTCCAS 482
SATYQTIR AE‘CVQSDVVGSGHPPR IIYCQN.\RTAHSALLQ 84

TCATCCGACGA'{‘GCTI“'['CCGAACCG‘I‘H‘CGAG['CCCCTCGCCACGG«'I'I"T‘GG;\?CTGTCGTCTCCGCTGGAG'I‘]‘]‘I‘ICC’I‘ICGCCATCGCITGACGG’ICGI‘I‘GMGMCIC’ICGGAAG’PG 602
SSDDAFRTVSSPLATDLDLSS?LEFFLRHRLT\TVEELHEV 124

G‘['I'I”I‘GCGCCA.\GAGTGCGGCCMGAGC‘I‘GGTCGATATTC‘I’G.\CTCAGC'IGCG‘IGAC‘ITGACCTCGCCGGMGGCCAAGCCCCAGAAG‘IGGGCGGCGMGCC‘ITGG’ITDAGGTG.\TI’GAA 732
VLRQECGQELVD"LTQLRDLTSPEGQAFEVGGEALVQ\'IE 164

ACCCTAGAG’ITGAGCG.\'{GCGATICGGGC’MCCCGTGCCMGCGC‘ CTACTFIC.\GC['G.\TCMTATN:TIGAGC»\GCACTACGAGCAMC‘I‘CMATATCMCPCGCCK‘.\CGAGCG,\TCG B4z
TLELSDAIR.’;AEAFALYFQLIN EQ!YEQTQYQLAYERS 204

CGG‘ITGGA;\CCC{'IUCCAGGACCAGA‘I‘GAAAGTCCGGAGGGATI‘GCJ\CACC»’I'IGAAAITCCTCAGCLTCAGCTCGATCCCTITGCTGCGGTGA'I'I'CCGCICA.\CC.\.AEA’ICCCGC.\ACC 962
'RLEPLPGPBESPEGLI{TIEIPQIIQLDPF.\AVIPLNQDP.\T ek

TICCAMCGC‘NTFCCCGCGCCTGCGCCAGCTCMTGTGCCGCCGCMA'DGATCC.\AGAGC.TGnCCGn’I‘CGCC'ECGATA‘I'“CGG(.‘I’GG’I’I‘ITCACCCGICACCCGACGGMATICTCCGC 1082
FQTLFPRLRQL\TVPPQHIQEL DRL I LVFT H TEI\'R 284

CACACG.\'I‘I‘CGCGACMACAACGCCGMTI‘GCC‘!.‘nCCTGC‘I'GCGGCMC‘I‘GG.\TGAGCTCGAAACAGGCAAMACCGAGGC‘I‘I”I‘CGAGAGC‘I'I‘GMGCGCAGA.\TA’ITCG‘I'CAGCAGCTG 1202
HTIRDKQRRIAYLLRQGLPETLETGEXNRGFRELEAMQHEIROQRQL 24

AN GGAEATT A TE a0 oo 00RACRaATOAGCTCC A A TICASG0CA ‘f‘-'\"'n'G'E'IGuATu-\GG"‘G\-AC"‘ACGCGC"CCAC‘“A{."YI‘CCMGMGTCCI‘C’ITI‘GAGGCCA’L‘[‘CC‘I‘ 1322

TEEIRLHHRTDELHQFKPTVLDBVD‘{ALHYFQE LFEAI 364
CPGCTL'[‘ATCALu,u TTCCGCTCGOGCTGE AGC\-CAL.L T 1Lu..u.ACCI‘ACAALL.L.{.LL.LL,L.LACAAC'I'IC‘[‘GCCAG’LTCGGCTC‘HEGGTCGGCICCG .\TCGCGA'ICCCAATCCI‘?CA 1442
LLYQRTFHRLALQSGTF®PDLQP?PR qQ F ¢ n 404

GTCACC‘I‘C{‘GCCGTCAC’[TGGCAAACCGUF?GCI‘\TCAGCCCAGTCTCG‘?CCTCGAMC’?ACAEACAGCGG‘ITGn\ACATCTCCGCMTGTGCTCAGCCTCTU:‘ATGCACTGG.\GCGAG 1562
TSA‘JTHQTACYQRSLVLDRYITAVEHLRRVLSLSHH SE 44l

GTGCTGCCCGAGTTGCTCAGCTCGT'ICGAACAGGAG:\GCANCTC’ITCCCGGAGACCI'ATGAGL‘AGCTAGCGG‘ICCGL'.[‘ATCGCCAAGAGCCCEATCCCCTCAAGUEUFCCTATA’ITCTG 1682
VLPELLSSLEQESMLE‘PET‘{EQLAVRY QEF‘!RLKLSYIL 484

GAGCGCCTGCACAACACCCGCG{TCGCAATACCCGCCICCAACAGCAGCAAGMAAAGATCCCACCACGCCCCI‘GCCCGA.\TATCGGGANCCACOC’I‘CTACCAGGCTGGTACGGCC[TT 1802
ERLHHTRDRNTRLQQQQEKD?TTPLPBYR GTLYQAGTAF 52

CTCGAAGATC'I‘CAhGCTGn"TC:\GC.\CAACCTIMGC:\G:\CGGGACFGAGC’N’ITJLCGAGCTAGAGnAGmATCTGCCAGGTCGAGAmGGmCAACCTGGTCCATCTCGACATT 1922
L E LKLIQIENL Q CYELEILICQVEIFGFNLVHLDI 564

CGCCAAGnA.\GC‘I‘CGCGCC.\'I‘TCC CGCGATC{ACGMA‘I‘C"‘GTG.\ATACCTCCAAATI‘C'I'I’CCCCAGCCCTACMCGAGC‘I’GAGCGMGCAGMCGAAC'.EGCCTGGCTGGITC.\AGAG 2042
RQESSRHSDAINEICEYLQILPQPYNELSEAERTANLVQE 604

CIGAAAACCCGTCGGCCGCTGG"’ACC&GCGCGCAPGCCG'I'ICTCAGAATCGACCCGCuAGnTCATl'GAAACCCTGCGGATGGTCA.AGCAGCI’ACAGGAAGAATITCCGGACGCCGCITGC 2162
L X RRPLVPARM?FSESTREIIETLRHVKQLQEEFGE AC Gh4

CMACCTACATCATC.\GCA"‘CAGCCGCGAGC‘I‘G.\GCGACCTGCTGG.\AGTGC‘I‘GCTGCTGGCCAAGG.\GG‘I‘I‘GGTC‘I‘CTACGACCCAGTCACCGGCAAGAG'I"I'CGC’I'ICAGGTGATI‘CCG 2282
QTYII ¥ ELSDLLE\’LLLAKEVGLTDPVTGLSSLQ\’IP 664

CIGTTTIGAMCTGTEGAGE C’I‘I‘ACAAA.\TGCCCCGCGGG’IGATGACGGCGC'“GTI'i.'GAGC‘I’GCCC‘I’I‘CTACACCCAGCTC:\&CCCCACCCAGTCTGMC"‘GC’ICCAGGAAGTG.\TGCTG 402
LFE'I‘V""DLQHAPR'-'H"'.\LFI".‘LPF‘!TQLIEPTQSEPLQEVHL 724

Gggrnwccmcmruc.\:Gcamccrc'rrcc""“r'r"("mtr"rrrr‘xr‘s'rr'mf'-l('rr"‘-'“r":Ar"’f""""’""'f"‘""lr CCGCGACCACCICETCAAGCTROGIATCTICCAC 2522
GYSDS‘tmDSGFLS5NHEIHKAQIALGTVARDHRVKLRIFH 164

GGCCGCGGGGG CCG‘“%G"' CGAGG‘I‘GGTGCCCCTGCC“‘A&AGGCGA1C'"I'GGCCCAGU:GuGTCGCACCAChG!TGGCCGAATCAAGATFACGuAACAGGGCGAGGTCﬂ'GGC’FTCG 2642
R G 5 B G A'(F.p\ILAQPGRTTDGRIKITEQGEVLAS 804

AMTnCCCCCI‘GCCCG.'\.\U‘GGCGCIC.TATAACCI'“EAGACuA’IC.\CGnCGGCGCTGA’ITCAGTCCACCCTCC"TIGG AGCGGCTI'TG:\‘IEACATI‘GACUCGTCGAACCMA‘I’I‘ATCGM 2762
¥ YA LPELALYNLETITT 1 QS SsSLLGSCFD I Q 844

G.\GT’I‘GG(‘:GGCGCG-\‘I‘CGCGGCGACA’I"‘ACC’CMCI“I“CGTGTACGAGCnGOCCGACCTGG‘I'I‘G.\CI'I‘C‘I‘TCA-\TCAGGTAACGCCGA'['I‘GAGGAG.\TCAGCAAACTGCAAATCAWT.CG 2882
ELAARSR?H‘{RAL‘:‘YEQPDLVDFFNQVT?IEEISKLQISS 864

CGACCGGC"'CGACuC!\nAACCGGC\;\GCGCG,\TCI‘GGGuAGTCI‘AGG‘I‘GCCA‘ICCCCTGGG'I‘CT'I‘TAGCTGGACGCnGAGTCG“ITTI‘C‘I‘GCTGCCCTC’ITGGTATGGOGTCGGCACAGCA 3002
RPARREKTGXRDPLGSELRAIPWY FSWTQSRFLLPSHWYGYGCTA 924

CTTCAGGAGTTTTTECAGG AGCOTCCREAGCACAACCTCAACCTCCTGCOCTACTTCTACGAGAAGTEGCCS TTCTICORCATOG TGATCTCOAAGG TCRAGATGACCCTAGEGAAGETC 3122
LQEFLOQER?EQHNLINLLEZYEYEKVYPFFRHYISEYEBNTLATR N 964

GA’I'I'I'UCAGATI‘GCYC.\TCAUIAC"TGCATGAGLTCGCCAA'ICGI'GAGGA'ECMGAGCGGTITGMCGAGIGTECAGCCAAA'DCGCFGCAGAG'I'”CAGCTGACTTGTCATCI'CCMTG 3242
IAHI[YVHELAHPEDQE ER Q QLTC]{LVLIOO*’.

ACG.\'ETACCAACCACGGTCGCI’I‘GCMGA"‘GGCGACCCCG.kACTGC\GCG.\TCGG‘I‘GCAGC'mCGCAACGG’I‘ACGATCGTGCCCCTCGGC’ITC‘I‘ICCAAG‘ICGCCCTGCTI‘AAACGCCTG 3362
T I THHOGRILLEBEGDPPESELQERSYQLRZX®SEGETTIVYPLGFLTGYALLEKTEL 104

COGCAGTATCSCCAGCAMACEGA ALCGACOBOATTCATOGATCOLEOT ATACCAAACCOUAACTOCTCCOC0CAGCATTOCTOALGATCAACGOCATTGOGOCTGOCATGCOCANTACA 2482
RQYRQQTETTGLHR}»RYSKGELLRGALLTIHGIA.\GI".NT 1084

GGH‘GAGGGGCG.\A’ICACGCAMML\.t TIGG nu:h-r.'._a,p\TCGCAu lLbbLthLb%r\bﬂ_ﬂ‘E&ab& TGCGGT ibbuar\GG'iTACI.'GGCGATCAACTCkATCAGCI.'GC.‘ICCTGCTGTGCGA 3602

TCAGCCCCGCCGCM I‘C’K’GC.\AMG’I‘CCGCGATCGCTC’I‘GGACCATRCCTITG’I’CTCTG’ICACGGCTCGCC’ICCTCAGCGHCGCACCCTCGTCGGTI’HGTGCG’IBCCACCAGTGANA 372z
GTCGCTCMCGCCACCATCI‘GCGA’ICIGCTG(H‘CGA\TCC.\CTI'ITCCE:AGAGCCAGA.;(AA’ICTGCGM’:MCGCCTGC‘PCGATMTCT&CTGCG.\GAGEI’TAAAGCGCGAGATPCCTGG’I'?G 3642

CAC T TTECGa TG T L CECOTTCC M CAACESO00CT a0 COAGCTOA N T I TG CCOEATCO000CR0GATTCREGACATOACCTATACASACTCCCAACACCICGAG 3957
® 7. 7 vk Aracystis nidulans > ppe SEETFOEILEFIE PEPC o7 3 JEEF. | CRLEfL 0
LRt~ # -~ pBR322 Tet' METHKOHS, THiL A. nididans Gy, 7 3 7 BofHg—
BRI X ot QBITHEARE A 4 = YEillh GERAMB I3 LHIX RS, —— WLEER
ORFEGE LD LSS 2V v F e — AFF (@A),

DNA iR Ths o L aifindic, Bhoo Eh BT T A S FDNAKOWT, HRER
&, A nidulans D ppc Dy v —= v SEEH L PUHREHREAER Lo oA, R6OCRTEREY
ok FER L, 81, DPALIL, pA181, pAlI82 i1, £ <L 7.6



kb @ DNA [l 4, pAL7l & L0 pAL72 4%,
FhFR T7.2kb B X0 5.0kb @ DNA Wil %
HARA TV, FHIAHEL D7 v —vibdh
7o DNA Bk, Wihd Julmiia 254 ¢k
b, Livb#lARADFRSE—ETHS & Do
shoe PALTZ KOWT X B REFRS di A
DL L ST UAER, pre X B pA
1A ELTRT 5% 3.5kb oG T
HEDBH B ETLot, Ebrz® DNA %
Ay — DNA C® LTHmECAT5 &8
BUSABETT 52 &5, A nidulans 0 ppe
DS me—2—i1 E coli HTHRBIRERER
T, LA E—DF P I 7Y wEHEEE
FoFex—s - L oC, KBS OEELTI
T B I EBRE IR,

A bhio, “Maxicell t” X T7FF A FiC
v no— v Ak Shic BEFEH O FE 2Ty,
A, nidulans @ PEPC 123738 11 FHOH U<
FFEFE VT, b ETHIEE W LML
foo Bfo, RAERAMA LT 7 A Floon
Th, e “Maxicell 3”7 %75 fov, s
mRE)SATFEEFRETHI LR LY, ppe DE
& FOETEFMEE 6 oMo k5 citEdh
oo

oy e — il Ehic ppe iLoWTED &l
HRIIE W &0 Lic, $7db, ppe &1,
pA172 Hind 1I-Xho 1 B/, 3957bp o HFl %
M13 v 5 — % Ao dideoxy ¥Rz & D EEL
fo (T T, Lo 348bp 13-t & — B i
pBR 322 w3 LT\ %, Maxicell Fi i b,
ppe DRETEHOHS TR 11 TTEHEES R
s, oo k& X% #o open reading frame
{ORF) g—2oLldfnd, Thhrb¥ébhb7 3
J B HLA A IR A0 T — W EREE TR L,
TRz, e LA ppe O, RIEHEE
—% Lo, @ ORF A ppc @ reading
frame T&HH LS Lice —hud 3255bp 25
B b, i 117bp 32 2 —rhigEh T
Fio ULinl7edibh, HFEAH L1 FThHHZ
L. 10bp k¥ Shine-Dalgarno B3 w7 H
7l AGGGAAT p B bR b &, A nidulans i

FMORA2Tbod, V3 3EEELT,
B CR B OMCHlA L 2 F4 = vin b
RE2hb0ehss EHIMLTV5, 2 DG,
REERET I 3051bp Lip b, 1017 7 5 2 FRg%
$E, AR 117.290 X i n, Fh, COEdmB
T 32bp D E ZAME, RECRT LS5 2E
ENFREX RO, BEKELIHEELTWBE
HEE R,

A. nidulans ppc L E. coli ppc 20T,
codon usage wIEiF L& o B, RERERIH
DB st FiE L, A nidulans kT
i, 72V v® codon LT CCC, Vuvod
codon & L€ AGG &M EN T\, & O
b, TR, BiiS X o TRESRL A nidulans
DY Fe—RA LAY VEEILEF YT -]
d ¥ e ED large 7 = =, b & small
FaE, MEFEEWTLRORBDT, ch
Bt A. nidulans @ “fgig= V¥ R LTy
HDTHS 5,

E. coli © PEPC &K DT wAFY 7 =
T oo ¥ R oK LT, A nidulans &
PEPC %, #-~ B DTk, 7RATV w2 v
T a7 - hilt LY TH T, ZHKET
EAVANC I HeT 2 DA MRS F o B4, &E D
e TS O — HHEEI OV T D M EE &/
ate E8ixv bbb Fy b= 2 AL Lo
T % WL b DCH D, Wl 883 ZhiL
i s E. coli @ PEPC @7 I 7 HEHI%A
N, TR UBBEO—F LA EIAT Yy bR
FT o FodB A TR, 235 L, Z OBE3EEL
fo3BEED 5 b, 2 RS- uE e o 3 Bk
ORIV PEFT2IHIC LI, CORMDD
A X 5, A nidelans Off¢ 490 FH OEIL
o bk CHEHC 6 T AR O BvEia-a3
FRE R L T B Tk B, FOEME,
210 Zdbdbh o v & 320 BRI b EV-HF
WaHabiLb, MEREO7 § BRENTES
E—H,T 5L EF v o 7HARTAURS &,
Sfk X LTI 30% o 7 s BRI —FK L
(FEEM: 30%), 487 ZRILE B C-AUEmT G T
118 0% OMRESRBRS, 2 hIT, TEEE
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E. coli ( Residue number)

200 1"

400

600

800 &

A. nidulans (Residue number )

1000

& s.
BRI S Bish T 5.
O7 I BT E BT i, Kyte & Do-
olittte @J5¥kic X % Hydropathy profile %R
7o (B N. ZoFkETrR, 710k, Ik
BWiin ¥ oM EE ko THFIOREER T L8
TCEBDT, HaD7 I BOBENA LTl
T b T LAY B 2 U T B A Ak EElE T
HrbdeEg b, oo Hydropathy profile Dt
Bz k- Th A nidelans @ 460 FHEH OB S
Feo b CREIEMITTME R I —KL, &

Stringency : 2 out of 3

Fo b= b0 7 AR LS T Vil kIBEO PEPC ©7 § /EEEFIO AR, HFHEDTWE S HiE

TRGET BV TE e D X S TWw B DT
e ENL, FUAERGR LSS R, 7
B AT Y o, ¥ RS R TnBH 2 &b
B, —on ek & LT, AR A —poii
Lk Ee CREEIOWIL, TRATY 7
e IB 3 M0t Eie. NS b o Mo R
ET50TIRHEVEELBR D,

7 — it Ui A nidulans ppe ORBET O
ERMIR T A— oD ppe By a—w{LLi

— 68 —



WS T T oyoad AuredoipAH IATEEE s P LT ST DdEd CEEN TR A2 ¢ E
6 - ubua undg

{ 1aqunu anpisay ) 102 3
£8g 00g 00¢ 009 a0s 00k
r T T T 1

L 1 1 1 i
096 Q08 ool 099 005
( legwnu anpisay } SUDIApiY Ty

{ tsquinu anplsay ) f1oo "3

—0e=
I
— bt
Qa
g

o
—~0E- e
- F
1 . =3
[}
1. 2
®© o 0§
k)

1 I 1 L
a0y (3 00z o0l [}
(18quinu anpisay) SUPJApIU 'Yy

— 69 —



73 A VBT 5 E coli (PCRI/pA1T2) %
BT, A. nidulans o> PEPC OB FESIIIG 4
#Ete, PCRIJpALT2 W\ Tht, A. nidulans
LT, MBS PEPC O LML 10
e Choto, A nidulans yIEEE @ WM 2570
b, FrGEvE JEoid Hillo mnakgc
PEPC {Hikk ¥t e+ 5 - LA EETSH
ZoEbEbhETHELBLE, A nidulans & PEPC
REETET B PCRI/PALT2 %y 5 & dEE
CERCH B Ehibhn b, FORE, PCRlpA
172 @i T2< Bhva PEPC 25, A. nidulans
T2l bhad PEPC LAY @A LU ThBH0rN
FMIETH B4, FANLRE D CRIERIIES bhit
Mtz PCR1/pALT2 16> PEPC DL A
TENL - DEEEY BEL SEBDie, 20% =
FLy Y a—AfEETR, BEOFECELT
FFievs, # 90% ofEc £ cillcE, Th
oV TR A B~z PEP, Mg i
Wi s K, iz, FAFA 1.2mM, 2.2mM ¢
#Hof, PEP xt+3% K, 1%, E col ©
PEPC X i b/ & otz, Hix o PEPC o
DWTHICH ATV SERARET RS XU TR
HNESEEHCHT s RET YR~ E oA,

A. nidulans @ PEPC if, E7 = 70k B
e FT R e S EEE ST b i, £ 7
>r—A CL-6B #BELT55 1880562
Bw kT 7 s LT, T 44 TR
ERRIoH, 0 Maxicell ECRdD YT =
y POBTFRA 11 HEFL AT, GHEAEER
RPREE LTHEET L ENARBE R,

Hindll Bamkil

BamH} //
Hindil £
Bglll  Hindil

B 10. 5v#: RBEHOTAF ST T
B AT 2, BdbhEa KIBER
¥OF AN, BREOMST v Sk
DFS5 ALK,

Anacystis nidulans R2

—CL

11.

+Cn (5 pg/mi)

Yy baAsz— pAE2 LB T RO BEER. Adnacystis nidulans R2ER)T BHbeiz ing #o

FIAIFDNARE D S UEEYHETE, pAE2 B4 HWE Y =5 47 = = 2 — i (Cm) [{HElE
Tab 20 TEENLSIZ, THFFRA 1 FILL » THHEBRAL T 2l Cm FETCbERT

FHYXHILich, B Dar=—RELS,
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4y  A. nidulans & E, colf Bl vy b« =
7 & — DR

A, nidulans R2 £k L E. coli K-12 ¥ > +
b g =03, TG OB OHIEE CH
IR T 50, KRBk T, O
B LT vy bbb s 72— % B Lo, A
nidulans 6301 ¥ X bl L7z 8kb 0754 2
¥ DNA % E. coli 7% A3 ¥ DNA (pBR
328) W iREESE Bam HI MpLcHEE LT, ~1
FY e FeF9x3F pAEZ 2IERE LI (B 10),
o DNA % A nidulans R2 Fwa8EA L, pBR
328 CEHEEFRARETFOMEC I LT, 727 A4
7w =3 — AR Bt R RS T s Z LA TE
fo (1), = b BEERSE: L D HERR DNA
BAME - o HT LICESE, pAE2 2RI Sh, PAE
2y b rx—ELTENTWB T &S
i biic,
SHORE

SEOPERIC X » T, A. nidulans ppe Do =
— = PRI A nidulans Dy 2 — D {EE
B LT, F 1 OAd—- AT 2T A
nidulans Hlfasho PEPC 4HEi i3I ¥ s L
5 AL IR & T » oo SERE, FEBRIC R
A FFioh, PEPC BEEEMA LTW5D, Haml
FIRTBEERIH R LT 52, RN
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