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19734 Boyer & Cohenic X 2 BEFHMI BWORIIZL D, REIRIIHL Y
Fhpbisdh, RRORBIZEMEDORKFTIZRLBEBETAAL.
—XRUEDP_RKRHEMTEEL QWL ChLII7NVa— IV RE FRE
REE. 7 3I/BRE. BBRE. HADREERLYEWRIRL, BETHRIEK
WOBHIZ. FRMENFLEETEILNTE -7 AL MCHRXT S
R7IFRFNEVRHRL V- LABRGFEDRLEETESTHMEZRLA, &
DHELWEBHHL. BLAEMPEARLTWRLOEREHHFRDY TS
FWS AT, ERERZAALERESEY LREEL). B3 0ERAWERM
DEBREFTS L THRBLTELERDFMEIKRES BU» T, D5
19704 R 18D 5 1980 ERMDIZHLITFTY R PRIFY A2V ¥ EFR
ERLEY, AVvy—7 20V PAREGANTHRECLIOFEL P >THEA
*PARBECRGTHRIBHIC L VMES S TEET AL TRE >, A
ZEA V2V nHs BREDBBRICHWS DI RTZINMELT
Wi, EECEBETHD. LPLERDLOLRRRPHENRLEILNTH»
7zo UL, BETFHRZER CABATEELLE M Y2 Y YIZARIH
WTHH., HBRT, BET, EFETEETES L% »7%. T LTERETH.
B ERDLHCERERATINFGEESR 2 T3 TBETFHRIZHS
BH - MBI TETWS,

—F. EHCBWTRERL ALV TORECIZEBOHKBYR. HL VW
DER. MBABRCIIAAMBARCRTIMALS LR INTER, EHERI
MESEEICEVWZD, ~RRHEEWEZENL TIEETEIHREMLBERLD
k% b3, FNFROEDPERCEH T _XNHEMD 2 WIHHLFHAR
ROEEFEHMETIDEARAFETLRTER, ITENRARTHRET X HONT
VBN, AZ AV UROBBIC LI ZXNHER TRV DEE. LT
FMBERICLE A DEE. AL VHERERICIZIRANY Y OEEN
BHb.

LEDBEFHBIEHREAWCERFENRR Y NI RLEDHLVWEE
FROBILEMBEMBICL 2 HFADREEDOERZ 22T, FWXTIRE

CBUVERAA XY -ERETORBE TOBEN. RoFCKBEEHWLAE

ElCETIAEICOWTHNS,
RVAXFL Y —Fid. —RICBBIAE (H0:) CL2BIELRICETMET I8
BT EEEFM2T2LE, ZoOMBEERIIROLIERLENS,



H:0: + AH2 - 2H20 + A
EBELTHWRZ 74 ¥ h L (guaiacum) & Ak HE & D2 BRIGEHF18094E (2R
Eh, " AFLF—LLnS HEE. thr o I #HioRBEVTEI N
HENLBBLEEOLOE Y, RAFXFL¥—ER3#HH. #%. Hinid
MAEMELSFELTWS, Eﬁ%‘(’ﬁﬁlﬂl’ﬁﬁ‘ ok, BB, 5. FRR AL
LHPIBLAYDBRBRERICEEL., S TarLLAFyy—€ (BIR) 2°, 2
MR AXR LY —E (BRR) 2,7 bR FXLF—EY , VI FF
RAUFXIT—ED PLILSHREAT WS, BEMTIE. KBED hydrogen
peroxidase I, ® 7, Bacillus stearothermophilus AW MPRNA X ¥ —
8 Streptococcus faecalis?®d NAD*~N ) AX L ¥—£*, BENFHFI70—
AheRAAXL ¥ -1 HY Caldariomyces fumago N7 NNV A X ¥ —
¥ Y 7= S pEdiPhanerochaete chrysosporium DY 7 YR AX T & —
12 MaRN XL T~ ENDH S,

EPBicBWTit, R R0, X219 \ETZHFES, Z 7T, aX1 LXK
B, 2 AR ToOEMCHEET S, ZLT. EREFLALSLETN
NAXF LY —CEREZHBICRETESZ LS (FAE7TL) . REEOR
. B, MREEe. XEEBRLLYOBERFI—A—LLTHWLRTWS2Y,
—BIC. NVAXL Y —CREIRNTERLTAVFALETA Y 7 xr—2%
BRL. BzoEWERZRL@HE T H-o-TWAILFRBINT WS, RER
BERTWVBERNVAF LY —¥OMBATOEZLHFNL. EYRLEY - 4V F—
NEEBROBL. SRENY 7o VAR, BEHRCAEIITRI S IZAT Y
VHEFOFOILRBREENLLAVIVFOL CERELY . FTHEMEERLT
IIRERHE. EELXFYIBEELTWS2Y, ZFLTERETAVFALALHEZ
CHEELTWw3, Kay SN ZHNWT, FA1RI7FLRIDHFERELCEL
T. B2DOTAVFALFEAELTWE I L ZFHAHLL2Y,

RVIAXRL Y ~EBERLTAVFALLTAY 7+ —LHBRERTI LA,
HUHBETONAAZR Y Y —EDRAEZHALPCL TS ETHEZLLLLT
W3, TAVYH¥FL L0538 KREL<HTT2o0EA, DIEBEFE. 2
BREOBES VN IEDEMN . PET LN, T NAAFLF—ET
4 VHFA4 LEZZERBEFERICOVWTIR, A TDRNAXRL Y —ETA42DTAY
FALOBH 7 I /BEFINRINTEN?Y | RF2ZT7TIHRAGFESRE
ENRTWAE3BOBETF(prxA, B, CIPVOFESTEHIATWS, DX
LEREOT A VFAL LBREFOEELITTESREZ AT 5 I +4 TR
. HBRGBOBESY VRV BOENH. WREREPLRMEANDTOLL 7 B
Eotm Riz7= /- EMECL2BHFEREEZRTLI LO0ORATH




%529, FREEPLRBMLICHES 7RI 7k BEZYERDRL T
DRIVAFRL Y —EDONKEHREQIN I IVBTH-RIEPLNKBIICS 7
FARTFREEPEEL S L FRETEL, BHEOMGMICL VAL 2 3RHE
BTeTY,. v/ —AVHEWERICEBEHSIIE— Ty VEEERONNV A X Y
F—¥TRINTWE®,

BN AXRL Y — DU THEVVERV XL Y —¥ (HRP) ¥#d
F<HBEENTWSE, HRPIZ HBER7IEORSLLMESIN. T7RIANLE]
BFEUANLBETHS. 2. EXDTAVYFALDBENWRTA VT r—L0H
#ET 2 (LBRAEFERALTHAHNBRBICTOLI VI L EDBERERITL
FPAVIA—LEBADTTAVFALERREIERTS). FARTI 72D
WIOBLDT A VFA LEBEENTE N3, Shannon HIiZK NEEKICE
DETHICE DEEE. B BEETAVFAL LRI, RiEE THE
Sh, BEZNERLGHSMCESRIORBET A VA4 A AL AL A3)15-32
k74 VFA L (Bl Bl B3, C) ¥ \EMETA VHFA AL (Bl E2. B3, B5.
B6) 20 THB, FOTAVFALLBESPEMEN. HTFEHFH 3400058
43,0002 T L ERICEATWS, ZOHTHET A VHF A LC IEVHDYPLHRP
rLTHEDHBRE > TE, 74 VA LC IZ. BEVYEHMBEBRFOEE
DA% E D, FFEH4, 000 ( S HHBHEEHHH25%) THEELY 8.8-9.0
TH 5P, Welinderiz XD 74 VFA4 LC D308KREI N4 5 —RBE (HrFHR
33,890) BREN, 42DV AN T 4 FEELBHSS rAITHMENT VNS Z
FHB LI -7, ELT, MRATEIETORMLEZRFCLNMC2OD
Ca2* 2 HLTW, THZ N7 BOEHRIBLATNWS D LDDXRMEE
BFIZZERILTWE W, L L, SBERLCHBNAEFRICI VBERD
e LR SANLENENRTF. compoud 1. compoud I kTN 5 RGHEE
LREBHARLNATE®, FLT. NLERHEHBERUIEAGTILRAFV UV RE
(GEIERF V) 30, ANAZYNRZBEOBERBICHELERFY Y (BRI
EXFYY) O L EARIGARICESTAI L FHBLA, 2. BRICHAE
BHUBITENTVBEALY VNI BDOF N7 0hcRVTF L F—EEDEEE
b 20DE2FV YoMz, WSOPDT I /BRESRETHLEHIN
7-30-40 X 2~ Welinder & Mazza AT DADDRNVAF L F—ETA Y
FA hizDWT, 220 2F Y REBADO—RBEHFRESNTVWSII LR
RLEED, TAYFALALC LA ZHNBE. FEADPRL T TRLSEHF
AURURGEEL ENHEROBEEVRL >T WY,

— B EEER*E T2 EB L LTAWTI VA X v Y —EERR
BELTWEH, HRPIZEEBERENEWD, TokbREI/ QT Y XiZNIV



XY —LEAERICERSETTHEAKREZERLC2KRGEKLLTHWIHRE
REECHEAEIATWS, 2o AZEMAFO7 NV a—XBEORER. 71V
—AAFX LY~ LLICHRPHZERIBICAWSLN LY., BERREARL
LTLHRAZIATWS, RETHRENTVWALDEMATRIEENTWAEEY Y
EXDHMEBINTWESE, ¥ 50kg DHMBEL D 200mg OBFKEFE (RZfE=3)
ERBIIENTES??, ZOBROBENEROLOLIEREVIYENESR Y
LBELEHEEEERMBY Yanada 52X DB IR,

HBORNAXR L Y ~ETAVYFALALZEOLNEZRBICBEDLILERD
BDIEASIP? FLTIRAAXF LY —FEHHFEIMBRATEDLS 2@BE2 LT
WBDIES S »? HERRE T2 70 —2 ) VBANRFS F—F
(Rubisco) D/ T 2w FLBLDTAVFALALPEEL., FRrOBEIC
BESODBEFIRXEIRTWEY, ZhHIEHFEFRVICRAL., BSTE
DERSUCEFELLERBREZ2RT., ThoDBETFHIRCEFELLRRAEZRT S
EPE2OBRETRREL TRAEFLAVINEIRLRIRTWS, IrYEW
DFHE. INLHBEFREAFMI S'EBRARICEET S 2EREBFIES
L4® P RARERTIEAT (G6T-1) PREESI NI Y —F 7H 2 XE
LTWwd'", ZHXLI3CAEFOERRL REFNHBEBOBRHIIZ. " Ax ¥
—~ET7A VLA LAOEBRNRFZHLPCTEIHESLCLEYLFRTH S 2 MR
T&%, 7. @ROTAVYHFALA L2 KBELETREAILLI LB TENRIER
—EOTAVYFALDBEFE LN, ThATHOBBEZNGREIEYETE S, UbtX
P —BEANLT NI BELTRERN - F U N ELENICHERD BB T,
BEFE/IZELCINEURENERZAVWTEILEREMALERTES
DTNWLNWALEBRERNT—INDERBPTRTH S, £ TEMARTRBEEIYY
EIDNN ARSI —ETA VYA LABEFRUINGRGEFLHEL TRETFHE
RITL. KBETREAI L,

BI1ETIE. AEV7TEREHARLIDODONATA TIY—2ERL. VA X
F—CRITREFSINAEMNZLEICERLLEAVIIVLAFREZTR—-TLLT
X2V =72 FW32D7 A V¥4 L cDNA BIEF prxCla(pSKD). prxCib
(pSK2). prxClc(pSK3) %457, TS5 5D 1 prxCla it Welinder OMEL 72
TAVYFLLC DBIEFTHIZLHBHHALL, BDD20 74V FALLC &
WBRELZLIZTAVYTFALIEST,

WM2ETHE. BEVVYEEEMRLID S/ L2BEFSAT75VY—2HBRLTT
A VA LBETFOIQ— 7 2T% -7, 320D cDNA CHET B /L8
EF (prxCla, Clb, Clc) 2%, 251, D207 4 VH A4 LBEF
(prxC2. C3) m7a— LKL, EDTAVF L LBEFLIDODAL v




FRYEADDIRY VSR> T Wz, prxCla. Clb, Clec ZWEERF. 73
JBEMOMEMEIL 005 LETH 7M. Cla & 2 C3 FIZEEERS. 73
JBEFOVWTFRL T5% Btk Eh o, T4 VFA LCla (FLTES SCIb,
Cled ) 3. NREECHREBIZIFZNIRTFREFEL., 7 REIr73h

RMBBRCT D EFI 6N,
BWIBTR. NTX LY —EHBhEI-RTIRETFOABHATORRE

Rarh, EETEIENTEL»o7, NREBIXXPIRTFRERLLN
NLAX VY —CREFBIVRBBEAL AL Y —ERETFELRETNERL.
WFRLABEORRICRIIL 2, BMRERE LS FEEENCFEEL TV,



B1=H BEITERILAR LI —EREFHAcCDNAZO—ZV Y

LR ] #*

il

BEIVTERLAXRL Y —¥ (HRP) BRI FELLTALEZHEDL, BE
FRICI<SHREATVS, EYAERZRNICIE. RVAFL ¥y —LoEBMBA
TOBRFPBRINTNWE?Y, Fh, FBBRBERRERAELLICAVWLAT
W5, HRP® cdiA 270—ftL. ABBETEET A LATENRE. &5
REDHREBIIEVHM/TED, 2ZTHAETIIHRPD DN ¥ 72—
ITLR, BBORMAXL T —ETAYVHF AL L DNA 70— %5252 H
TER., 351, HRPIZHRESI U N2 BELTEESR B I LASRBEINT,

B2m KEMBARVFE

1. FHEY
FHAZREHUBEZHEBRSICIORARINBEREYYY  ( Armoracia
rusticana ) DIFFJMM O FEHL L,

2. FHERRFTIRAIR

fT8X L LT Escherichia coli DHI ( F- recAl endAl gyrA96 thil hsdR17
supE44 A- )4 % cDNA 4 7S Y —DRABIC, T/ IMI09 ( A (lac-pro)
thi recAl endAl gyrA96 hsdR17 supE44 relAl [ F’ proAB lacl® lacZAMI5
trad36 D42 7IFXIRADY T 70— o ZRBEBFOREDDIZH W
e ZEIRRZ7 I3 cDNA AT 5 —DHEBDIHIZ pUCIS? % HEFEH
DPREITIIMIZ npl0, 1152 Z2EHL 72,

3. BHMRUEERMYE

BEFET7YERERRBOEHIZIZ, Linsnaier & Skoog 1EH (MgS04 - 7H20 370,
CaClz - 2H20 1760, KNOs 1900, NH4NOs 1650, KH»P0Os 170, EDTA - Fe - Na 37.3,
MnS0s - 4H20 22.3, CuS04 - 5H20 0.025, KI 0.88, HsBOs 6.2, NazMoOs - 2H20
0.25, sucrose 3000 mg/ml, l-naphthaleneacetic acid (NAA) 10-S5M, kinetin
10-°M, pHS5.6)**% #F\WW7>, Linsmaier & Skoog $&#1 75 ml % &% 300 mi
DIAX -7 5 22BEERME (WVIAR, O—2Y -2 T A% —( New
Brunswick Scientific Co., Inc.model G-10 ) MW, BT 100 rpm 2T



ReowmEL, 2AREBICHEIBZL, BRIZSCTIT-72.

E. coli MEE#EIT L BE#l (1% Tryptone, 0.5% yeast extract, 0.5% NaCl),
2 X TY B4 (1.6% Tryptone, 1% yeast extract, 0.5% NaCi) . HIiE#H ( 1%
Tryptone, 0.5% NaCl) R wWize8-49

4., HEVYEHEEMB, SDLRNADHMEBEREKY (A) RVADKFR S
R (HREER 60 - 80 ¢ ) *HAERTHREL. AHTEIOXL.
400mM NaCl, 25mM EDTA, 1% diethylpyrocarbonate, 1% SDS, 50ug/ml poly-
vinylsulfate, 35ug/ml spermidine trihydrochloride, 10mM vanadyl ribo-
nucleotide complex % & 2ZAE 200mM Tris-HCI B (pH 9.0)
BEL. IKEAELTKBICH 30 pEAKRELL, FNEZRLTHE( 6,000 X g,
54y ) . LB/ -V 2uabkib: AYTSATHAI—I (25:24:1)
iz, RNA 2R L, RIFUZEDSHHEERI LD, KRBIZ10% (V/V)
DLY/=EML. KRZHEHEL. BURLOHEE (6,000 Xg 55r) L
7o LW ICBRARRE 200maM X% B X312 NaCl &, MERHTS /- EMR.
SNCT—HBEL. BOHME (10,000 X g, 154) (kD RNA 2B LTH
U7, hBEIL S /- THSBLICHE., RETTREEIEHE RN L2,
0 ORNA ¥R L2 3EAFTAK (TC Distilled Water DE, Difco Inc.) (¥R
X, AUTW@NHELo—2H 4L ( Type2, Collaborative Research Inc.)
#HWT Manniatis HOFE W, K (A RNAET 2R L,

5. AVIXI7VFFROERKRUHE

ldmer DAY IX 7V AF R, FARPYIZAFNVEVICEDERLZ,
3Bmer DAY T XL A5 Kid. Applied Biosystem Co. @ Model 381A DNA A RK
BZAWTIT->7, HERYIHEIOTHRZ I 7 4~ ( Cosmosil 5C18-300, 4 4.6
X 150mm ) T 15-30% A7 b= P UADOFE R 205 E T, RHEL 2nl/min
THEL. BRBEHAC-Z7E2H7WLL, RIEIXFAPIVFNVEZRELLHE.
5-10% A7 PP YNDOFEZHFEM»TT. FHE 1.3 nl/nin THWLER
IR ELR, BRA)TX 7L AFROBEREFOREIZ Maxam & Gilbert
D ERHWTUIT R,

6. ra—7nHK

FYTXI2VLAF KD 5'RKETXNVETL RY X7V AFRXF—E2HNWT
[7-22PJATP( 111TBq/nmol, ICN Y &1 pnol/u1OA VT XL A F K E2EURIGHE
(50nM Trs-HC1, pH8.0, 10mM MgClz, 10mM 2-mercaptoethanol) HRTATW4®



Sephadex G15 D ANV HF LI DBBED ATP FBRELL,

Sy 2R I AL — g viZcDNA BiF & Rigby 6D FHEKSP e > T, Sunit
D DINA KUY AT—FT & ldug/ml DNase I #HWT [a-32P]dATP( 22.2TBq
/mmol, ICN )THEZAL %,

7. J=FIUNATYFLE—L a0

16% =Y > 1nM EDTA 2 &€ 10aM U VEEF MU 7 LEHH, pH6.8, T
FERLZLS% THa—22HWe, k8. 7440 —-X5NLXD RN 2740
v A¥ 7L ( Biodyne transfer membrane P/N BNNG222S ; Pall Inc. ) N\#
FEE, AVTIy7 407 —% 80CT2-4 BEISEEMFITT RNA Z2EEL 7%,
CDRAYTIUIT4NEZ—% . N TYFL ¥~ a BB 5 X Denhardti|
(0.1% bovise serum albumin, 0.1% Ficoll 400, 0.1% Polyvinylpyroridone ),
5 X SSPE( 3.6M NaCl, 0.2M sodium phosphate, pH7.7, 0.02M EDTA ), 0.1%
SDS, 150 g calf thymus DNA, 1% glycine ) ®{Z 42°C —HgiEL. 7L NA T
VA4 —LarEfTh-ot, FLWNHNS TS A - a VBER (7Y
B ) 2 2P 5TEREI NI L2 lmer, 3SmerA Y IX 7V A FRTO—T
(% 1-3 X 10° cpm/pmol, 10°-107 cpm/probe) 2MZBEICA VT TV
BL. E5C 25C T 2BBBALINA TV AE—SarifTole, X7
57 4NY—%RET 0.1% SDS &% 2 X SSC BWT 15/0@. SEHV.
Vmer2 7D —7 E LTHWLHEIZE S 0.1% SDS 24 0.2 X S5C HHAT
10000, 2E&ESL. BRE3ELGE A—RSIAT7F7T7 42477,

8. ¢cDNA 5475 Y—DER

cDNA D& Rid Gubler ¥ Hoffman DFESS 2P -7, BEVVUEEMB L
NIEBL 7R Y (A RNA EHiE. wheat germ k3 4 ¥ho BHASRET
PRERZETIIEWOOTHHMEAL A, Amersham L DAL cDNA &R
VAFLAERAWT, Z0Xy FORPAFIZHE 2-4ug DY (A)RNA FHWT
T 48 cDNA ¥ &R U7, &S cDNA O 3’ KEADL Y TdC)RY T—D
it. ZA&H# cDNA 2008 RUS—SFATFAX VX IVAFINPT AT 25—
€ ( Pharmacia ) 17 unit ZHWVWTH -7, Kz, VY TdO) DML TR
cDNA # 3ngk 23ngdA Y TdG) L7 pUCI% 65°CT SHfEl. 58C. 43C
T 604 WCTIHBBRETSILET. 72V~ 7347, Hanahan OF
EIO V. cDNA SA TS Y —EROIODDBVWBERRBAEZHF TSI
FryABEAML, S0CCTRELL, BEBRIIEKE I ETF AR E BH
L. 7=U—>7L7 DNA (100ng) 2MZ. 0°CT 15-45rRBERK. 42°C. 90



B g w2 FE5IKER IHEEWS, BlEML. 3TCTH IREEEL.
KBE 2 L BEXEH (S0ug/ml TYESY X ERT) CEM L3TCT—wiER
L7z,

9., FFINATVFLE—ar

HIREERMBE L7 DNA BTE 27 A0 — XSV EREKBTHEME. Southern
FESD WS A »S DNA 240Xy 77 (Hybond X, Amersham) NBAT
X g7, DNA-DNANA T YU ¥ 4 ¥—1 g vid Jeffrey LDFESD TV, 7 —
FERBLINATY T4 E¥E—Yay - ZHOBEEEZL.

10. a=—NAf Ty ¥4 - ar

Sopg/ml PrELYYEERAL L5AL BEXREHICENWLT A VI —XVT
53 ( Millipore, HA, 0.4um ) Eiz, BWEEHRS KL E coli DHI 2FE.
ITCT—WIERL, TIRIREHEILEL, N7 —% 05N NaOH T
1043/, 2E. 0.5M Tris-HCl FEW (pH7.5) 547 2E. 35T 1.5M NaCl
/0.5M Tris-HC] @& 54 . CEXELT. 2us—2BHI & DN #%H%
XY THhLACTI e, Rt SCTREREL L. 60-65°CT 3 X SSC,
0.1% SDS Wiz 304 M@EBL. REOFREHERNE -7, anZ—NATY
F 4= a i, 740 —z RPTEBFLLLTE—T (5 X 10° cpn/prol,
5 X 105 cpm/ml) 02, 35mer DAY ITX 2L AFEEHWCEHE 48CT,
UnerDA Y TX 2L AFEEAVWLHEIE 25CT # 40 HEREL L. 74
A&—% 2 X SSC T 25°C, 30T, 2EHFPL. KIZ 4 X S5C fTNA
TYFA4E—y g VICHWCERET 0SE. 2EREL. A—RI¥FTIT
4 —EfT2,

11. 723 RKOHAMB IV ABEOBEER

KBEL LN T T AI K DNA DFRIE, Birnboim & Doly D7 LAY - SDS
PEESO 2V, Bk LA - ZFYTLATERS KPHEENEROTEE
THELL,

cDNA T4 73 —HARLSOTFI X I KRR M3 77—V Ik 2 BERRIL
Cohen L ODFFES (ofgvy. 15% ZYea—A 28T 50mM BULANVE T LER
PHAWTHAK L2 EFy MEREBWS,

12. PHO—=2%L - RUTZUATIRFVEREE. RUSADPLD
D NA®DEIR



FIRBEEAEE L DNAMiA 2. 0.8-1.5% D7 Hn—2XFLERES. »3
WiE 4-6XDFRY T 27 VT I RFVEREKBICI DAL L., %EBAETRIL.
50oM Tris— R 7 BEREE AL, pHS.3, 1uM EDTA AL, @B+ A7 D
SRBEBCYNVEBRL, DNA 2RELL, THO—XFNHp 50 DNA B/ D EIR

ZERMA7HAa—X ( BRL RizF+ 254 FX27 ) #HWT. Maniatis 50K
BT o7, YT Z2YUNTIRFENPLD DN BFFOMEIRIE Maxan

L Gilbert OFESDTHE-T2,

13. BERFIORE

BEEMOREIZ. M13 mpl0, npll, npl8, npld ZHWLIVFAEFL -2 T
g SO T > 7z, M13 Sequence kit (EM) #HL. FHIZIX v roH
BB - 72,

LihrL., BYLHBEZEMSPEELLWHEIZIE, Bal 31 ZTX%Y X7V 7—
YEHAWEX DNA iR Z#E/NE L. BEEMOREEZTFL >7:. Bal 31 =%
VIILT—Eick 2 HRIEH10ug OEHER N4 2HNT. 6 mitOBRET
Bal 31 KJG# ( 20mM Tris-HCl. pH7.2. 600mM NaCl. 12.58M CaCls. 12.5mM
MgClz., 1mM EDTA) HT 30°CT4F»7>, 20uM EGTATRIGE k#. 7 x /— /i
TN BEEREIEL, T4/ — VBT DNA 2L, BALAHEL LT
KAMIZTFEELTWEYA 2R LTHBBEETLALL, 7THo—25)L
TBXREETHEE. 150 SOHFNMLINIEFZERL, M3 mpREN2 £ —
EHERELUTREAERKZR/L,

B3IW KR

1. 7a—=7IZAWeLX Y IXL A F RDFKE
76, T —70 Welinder BEETVHERNARL F—ET A VHFAL 4

CoHne7I/BEMEHRELTWSE( Fig.1-1). 7TI/BEFIRCOMmEYS
2ERL. 2EOAFAZVE2EULOIC2EL LTORESESLBREWER
(Met281-G1y285) ##H X ldmer DA VYT X2 L AF K% Fig. 1-2 O L 3 2&E
L. RAKPMYZRAFLVERIDERL (—T1), 2/, ALLIITIE

{2 Welinder » Mazza IIWEEVHEL A TIZOVWT TR RALREMNLTWSE
AFY rRE (Hisd) BLOBEFEHRELZ., COFERBREIBrONRN XL I~
ETRELEPFNWIEPLH, ANLALCEUELTWLEZXF VU EAADEF (Hisd0-

Ala51) U, 35mer PRI AV ITXL AF K% Fig. 1-2 DL &S L.
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1] pPue ] soxog *pioe osrwein[boahkd s1 anpLSdJd |RULWAIT-—N
*(£2) 4apuirjam Aq pejdodaa se aduanbas pioe oupwy |—-{-614

*60z~LLT ‘T10C-L6 ‘6n-ny 'T6-TT :€03pyxq OPIJINEI(Q
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R2RT7IFL PERIDERLAL (a—710) ., ERLAEFYITIXILVLAFE
H7ra—7 1, 1 232PTHREZINNL, BEVTUERMBLDARLLKRY
(AVRNA ENA TUFAX¥—Y gy 887, &R70—7131. T 4CiTEAE
LaFH4 X% 1,550X 27 LA F ROMBIBROIINSA TY S L XL72( Fis.
1-3), Z#id. Welinder DWEL 2NN AXLF—EDT I JBERE 308056
Z2LNAHMBERBEFOREZIUIZLAFREIVFHIZREVLDTHH 2.
roT. @7rO—7%dh A 5473V —DRZ7Y—= V7 IZHEATELEH
Bl

2. cDNA BETIFTA T 7Y —DER

A1) (A)*RNA b & — A8 cDNA 2 &KL 7% (Fig. 1-4), T DB, [a-%2P]dCTP
2 DNMAEROBERLLTHYRAZHET, Z&# cDNA GRDOLDDERT v 7.
HICFETHREICL 2 DN SREBALL. XS RLTHELNILZEH
CONA (27— I FAFARLX2LAFVNII AT 25— ¥IZEDE 3K
A Y @)Ky e —2 ML, Sh%, Pstl BHETHWMLA 3" RKRAIZA
YA@ORYT—HFMLT WS pUCY L 7Y~ 7 &80, ZhbHd DNA
2HWT E. coli DH1 ¥ MEEHRL. # 53, 000 L LR BNV 7 2R/,

3, RAAFLY—F cDNA 72—V DEK

% 53,000[ cDNA BEFIATIY—»b 5KEEIFNLALT7O—-T71
FEAWSIDS N, TVFLE—LayERIDINVTXLY—E DA 70
—VEENLYE, BIRERTLOBOBEI Q- EHHIEHTERY. &
DI IHLELEHE2XRERTLSWHABHRTH -7z, SEOBEIT—-23I 5K
B—ap=—r LTHETIHRAELRIELTHELLL, £hE¥hE 70—
1, 2, 3 4,5 6 7, 8 &I, SEoOBHUEI/I u—YIFRETETIRXSI
KE¥#HiL, cDNABAHFORBETh -7, HMEFE Pst] THEL, 1.2%
THA—AXNVERERITHET L L. WFLL1,200bp 2 51,500bp D cDNA
HEBBASRTWSE, COTHO—XFNPps6 DNA 2 -4 0 AT
BL. 70—70 (3%mer) 2EAWTHF YN, TV ITA -2 a rET% -,
WERD 2 O—YDBABAELTO—T DN ENLA TUTA XL F— I RER
). o¥iz. BAFABOBREAREHARL, 8o 2u—rOFTHRLEW R
—V) DEANKE 2y 2 Iy AL —Ya YERIDBHEI NV LLELDE
T7a—T7ELTHAWINATY Y4 X842 L, WTFhd cDNA DFABKF DA
N4 7Y ¥4 X7 (Fig.1-5). Doz kI b8on7ua—rid.
7Oo—70LEFCHAROSVWEERFNZL L, 2othrhnrsa-rFEE

— 13—



Fig.1-3 Northern hybridization of po]y(A)"'RNA from horseradish
cultured cell. Lanes 1 and 2 show results of hybridization with
probe I and probe II, respectively; Lanes 3 and 4 show the ethidium
bromide staining of poly(A)*RNA fraction and E. coli 23S5(2,900 bases)
and 16S(1,540 bases) rRNA, respectively.



mRNA 5'C JAAAAAAAAS
‘ TTTTTT

+ ZAdNTP . .
1 Reverse transcriptase Oligo dT primer

' JAAAAAAAA
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E. coli RNase H .
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‘ + dNTP
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e Z
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|+ dCTP
g 1 Terminal transferase
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<
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Amp' transformant
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8 positive clones
Construction of cDNA Banks and lsolation of positive clones

Fig.1-4. Construction of cDNA banks and isolation of iti
positive clones.
The double-stranded <cDNA is prepared as shown in "Materials and

Methods”. Positive clones for horseradish peroxidase we i
by colony hybridization probe II. P re isolated



*aqouad se pasn sL g @auo|d ul pasoquey prusejd ayjz jo jaasul yNQ@>
*sauo|d aALjlsod jo sjuaasul yN@O2 bHuowe Abojowol G- 614

L L lald

1:.311!.4
's's'9's'L's'e'v'1L’e’
- -] c
auojo o - auoja
N N

N



BESPAEERMZHELTWS I EHRBEINT,

BEBHDREN DI EERBOHBHRLAVIZE 70—V IPRETS
7523 ROFIBREMEEER L, Fig. 1-6 IR LS 2. FREFHEL
noa—y 1, 2 4 PREETETSAIKIN—=T (INV=71). 70—~
7, 8 DTFIAIRIAN—T (ZAN—T2) FLT70~> 3, 5 6 DTTAI
KN =T (I N—T3) BT eHBTEL, ZA=—71E272WwTiRk. 71
-y 1 DT7FAIROBABBEHRO 2oL BFMEICICL>TED. £h¥
no cONA MiIEDESIERLZ->T W ( Fig.16 )., MDOIAV—TDTIFIRAZ
RETIX. BAFHRUBAREORIZAWIASN P2, 80D70—
YOTI I KEARNGEERNTHERESD 2L rrbs T, HRER
WEITIE3DD /N —T iRt Lird, 3EOTAVF4 LRETFEZT
— LT R HR L.

4. BEEFORE
HBEEREICLDHF 32D NV—TDHRT, ZL—7 1 DBRROEAR
KEREHOO—Y 2 BRETE7IRAIREKL. ZA—72070—-Y 8D
LOESK. ZN—73D7a—r 5 OLND¥pSK3 L LA, HRBERBERRV
EREEFMRENANIF Y —% Fig. 1-8 (TR L7, BEEINI M3 77—V 2
AWEYFAR LRI DS THEHE LRELL, BELMBICHE LS LHRER
HMAHEIEL L VE X Bal 31 XV X 2L 7 —E¥EBWTEXE A E MMM
L. #/MEERZE S L DEERENOREZTL .
FFMUHBICRLEVWE AL 2% pSKl @ oDNA A OBEEFIZREL L
(Fig.1-9) . cDNA 2tkx L Tit 1310bp 5RD. SREAMOXFF V%
R, NYUYPLEEINAFFIIUTRDE 335 TI/BRENA—T VY
—F AT IV—LBEEL. RE2LBEFO—RMEEBEbN, ZOBEMIZ. N
*%&UC*ﬁMtﬁé%h%h%%&&T%F(I#xbﬁ&T%F)M%u
Welinder OWE LI EQ /A2 IVBIALLY YZTH 308 73 /BREEDH
HEOFERLAFL Y —LTAVYFA L DLD2DELF—T., ZDTAYHFA
AC 23—KF2 cDNA BEFTHSEHELL, NREOEQZ/LY I VBR
INIIVHPOSRELIEZLOTHBIEBRLPIIL-I, ol 7NV—71D
sa—y 1 LMo rza—r 4 Tk, Fig 1-9 OEEERF D 1229 OHEICK
JABFMLT W, RYABEMT 2MBICEZSBD LN,

—F. o 2on7n—riconTLEARICEERN ZRE LA ( Fig. 1-8,
1-9,1-10 ). pSK2 iZ7 Y rHh o6 XF A2 TD 330 BRE. pSK3 B XFF
SVPLAFAZYITO BREEZI—KTEA—TY—F 4T 7L— 4



HE2WRZTO—RELBDLNZBEMHSPFEEL. TRLNREEVFEL IO —
¥COTI/BBEAMEEFTICLLS BT W ( Fig. 1-12), Hic. NAnEMICH
5323200 RF TV VORBBEFIRIANT 1 REEEEOK BV XT4 Y RE
ZEYRRLTH-%. IhenZihs, pSK2 RV pSK3 DRFTH cDNA

RIVAXR Y —EC LRBLBZTAYVFALEI—FT2LDLHELA, pSK2
i3 Welinder OBELNKEoOCO /N2 IVBICHYTEZINIIVETO

BEFRWTWA( Fig.1-12), 27, pSK3 7V 7 IVREX D EROEF
PHEL, #0RCRAFAVREBFEET IHRMOLOL DAL D BIRAK
DAFAZYTIFTWEE L LN,

WAE E

FETIEEREML DNLARS F—¥ T4V FALC 22— KT2  cDiA
(pSK1) 22 0—=y 7332 W TEN, HERMBEDER. Welinder &
B|ELLTS JBEMICE<—&LE, S5, pSKI DStz pSK2 RIE
pSK3 DEEEFNSLHESRET I/ BEMNEIV AL F—E T4 VA4 AC
DENLEECISBTBY. BRALLBRODE 2OV XF YV REDHA
LOBAHDNLL AL TH I L L EPLMDTA YV F 4 ABEFTH B & HI
L7z, L. TAVYFALLC BNDTAVFAL AZODNWTHEFDO—KBEIT R
ESRTBLYE. EDTAVFALTHEIPBETE L P>, INETIRES
. B BETA VA AT I BHRAEEXRTWS2.33.30 A
BORE2DODTAVFALNT I/ BHEREEBLLY, ARLEREZHEL S
LHBTEL PR, LiPL, BRESRET I JBREMITA VA4 AC LIRS
L C(Cla) X C1b,Clc % 92%,93% T. Clb & Clc FEITId 94% L EWHEMED
BN, TIJBERTCLEELEZRALAL PRI ERPE, ZD2OBTAY
FALC AL N —T BT S LD EbN S,

¢DNA FA4 73— NRANAXFLY—F 70— DRIKIC 3Smer 5% E A
YIXLAFRETZO—-TELTHWE, DT —TDHREHTIZ. Welinder
rMazza DEE LLAJMCRET 2T 3 E2F VY EAORESRIETIS %
vz, 32008V AXL Y —¥OH LRIk >R T7 S BRSOV, 38
DTAVFA LDINDEAF YV REBIZ Welinder DBMELLLDERLTH -
72, TOBERILIZETLELALTH-7, 7O—T LT3 L. 35 HES
31 WESELT. 89% OHEARTH %, 7O—TDBRIZIE. TIRVOME
PERERE LS, AW T7I/VBEFRIIE. aRYD3FBOXFEOHE
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Fig.1-7 Sequencing strategies of 3 positive clones. Arrow with
vertical bar end represents the direction and the extent of
sequencing. Arrow with dot end represents deletion derivatives
obtained by Bal 31 exonuclease digestion.



Fig.1-8

betw
(27).

GTATGTCTTATTCTTCATGCTTCTTTGTCTGATGCTICAACTTACCCCTACCTTCTACGAC
ValCysLeulleLeuHisAlaSerLeuSerAspAl InLeuThrProThrPheTyrAsp

AATTCATGTCCTAATGTCTCTAACATCGTACGGGATACTATTGTCAATGAGCTAAGATCA
AsnSerCysProAanalSerAsnIleValArgAspThrIleValAsnGluLeuArgSer

GACCCTCGTATTGCCGCGAGCATCCTTCGTCTTCACTTCCACGACTGCTTTGTTAATGGT

AspProArgIleAlaAlaSerIleLeuArgLeuHisPheHisAsprsPheValAsnGly

TGTGACGCATCGATCTTGTTAGACAACACAACATCATTTCGAACAGAGAAAGATGCGTTT
CysAspAlaSerIleLeuLeuAspAsnThrThrSerPheArgThrGluLysAspAlaPhe

GGAAACGCAAACTCGGCAAGAGGATTTCCAGTGATTGATAGAATGAAAGCCGCGGTGGAG
GlyAsnAlaAsnSerAlaArgGlyPheProValIleAspArgMETLysAlaAlaValGlu

AGTGCATGCCCAAGAACCGTTTCATGCGCAGATTTGCTCACCATTGCAGCTCAACAATCT
SerAlaCysProArgThrValSerCysAlaAspLeuLeuThrI1eAlaAlaGlnGlnSer

GTCACTTTGGCGGGAGGTCCTTCTTGGAGAGTTCCTTTGGGCAGAAGAGATAGCTTACAA
ValThrLeuAlaGlyGlyProSerTrpArgValProLeuGlyArgArgAspSerLeuGln

GCATTTCTGGATCTTGCTAATGCAAATCTTCCAGCTCCATTCTTCACACTTCCACAACTT
AlaPheLeuAspLeuAlaAsnAlaAsnLeuProAlaProPhePheThrLeuProGlnLeu

AAAGACAGCTTTAGAAATGTTGGCCTCAACCGTTCTTCTGATCTCGTTGCACTGTCCGGG
LysAspSerPheArgAanalGlyLeuAsnArgSerSerAspLeuValAlaLeuSerGly

GGCCACACATTTGGTAAAAATCAGTGTCGGTTTATTATGGACAGATTATACAACTTCAGC
GlyHisThrPheGlyLysAsnGlnCysArgPheIleMETAspArgLeuTyrAsnPheSer

AACACCGGTTTACCCGATCCTACTCTCAACACTACTTATCTCCAAACTCTTCGTGGACTA
AsnThrGlyLeuProAspProThrLeuAsnThrThrTereuGlnThrLeuArgGlyLeu

TGTCCCCTCAATGGTAATCTAAGCGCTTTGGTGGATTTTGATCTACGTACGCCAACGATT
CysProLeuAsnGlyAsnLeuSerAlaLeuValAspPheAspLeuArgThrProThrIle

TTTGACAACAAATACTATGTGAATCTCGAAGAGCAAAAAGGACTTATCCAAAGCGACCAA
PheAspAsnLysTereralAsnLeuGluGluGlnLysGlyLeuIleGlnSerAspGln

GAGTTGTTCTCTAGCCCCAATGCCACTGACACAATCCCTTTGGTGAGATCATTTGCTAAT
GluLeuPheSerSerProAsnAlaThrAspThrIleProLeuValArgSerPheAlaAsn

AGCACACAAACATTCTTCAATGCATTTGTGGAGGCGATGGATAGGATGGGAAACATTACA
SerThrGlnThrPhePheAsnAlaPheValGluAlaMETAsSpArgMETGlyAsnIleThr

CCTCTTACAGGAACTCAAGGACAGATCAGGTTGAATTGTAGGGTGGTGAACTCCAACTCT
ProLeuThrGlyThrGlnGlyGlnIleArgLeuAsnCysArgValValAsnSerAsnSer

CTACTCCATGATATGGTGGAGGTCGTTGACTTTGTTAGCTCTATGTGAGCATAGTCGACG
LeuLeuHisAspMetValGluValValAspPheValSerSerMet**x

CCATATGTGGCATCCATAATATATATTAAAATAATAAANACGCTCTTAAGATGTTACTTGA
GCATGAGAAGATCTCTATCGGTTGTGGAGTATCTGAGTAGCTCTTATGTATTTCTGTTTG

ATTTTGGCTTTTGAAGACGTTTCCGACCTTCCGGTAATCGGTTTAAGCTTGTATGGATTT
*
GGACGTTCTATACTRATAANAATGACAATAAAAGAGATGTATTTGAC(A)n

een the vertical lines is identical with that reported by
The underlined sequence is comlementary to probe II.

DNA sequence of cDNA insert on pSK1; The amino acid
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600
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780
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840
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900
300

960
320

1020
3335

1080
1140
1200

1248
sequence

Welinder
Asterisk

indicates the poly(A) addition site of clone 4. Polyadenylation signal

is r

epresented by box.



aAC 2

CCTACCTTCTACGACACTTCATGTCCTAATGTCTCAAACATCGTACGAGACATCATTATT 62
ProThrPheTyrAspThrSerCysProAsnValSerAsnIleValArgAspllellelle 20

AATGAGCTACGATCGGACCCTCGTATCACCGCGAGTATCCTTCGTCTTCACTTCCACGAC 122
AsnGluleuArgSerAspProArglleThrAlaSerIleLeuArgLeuHisPheHisAsp 40

TGCTTTGTTAATGGTTGTGACGCATCGATATTGTTAGACAACACAACATCATTTCTAACA 182
CysPheValAsnGlyCysAspAlaSerIleLeuleuAspAsnThrThrSerPheLeuThr 60

GAGAAAGATGCGCTTGGAAACGCAAACTCGGCTAGAGGATTTCCTACAGTTGACAGAATC 242
GluLysAspAlaLeuGlyAsnAlaAsnSerAlaArgGlyPheProThrValAspArglle 80

AAGGCCGCGGTGGAGAGGGCATGCCCAAGAACAGTTTCATGCGCAGATGTGCTTACCATT 302
LysAlaAlaValGluArgAlaCysProArgThrValSerCysAlaAspValLeuThrlle 100

GCAGCTCAACAATCTGTTAATTTGGCAGGAGGTCCTTCTTGGAGGGTTCCTTTGGGAAGA 362
AlaAlaGilnGlnSerValAsnLeuAlaGlyGlyProSerTrpArgValProLeuGlyArg 120

AGAGACAGCTTACAAGCATTTTTAGATCTTGCTAATGCAAATCTTCCAGCTCCATTCTTT 422
ArgAspSerLeuGlnAlaPhelLeuAspLeuAlaAsnAlaAsnLeuProAlaProPhePhe 140

ACACTTCCACAACTTAAGGATGCCTTCGCAAAAGTTGGCCTCGACCGTCCTTCTGATCTC 482
ThrLeuProGlnLeuLysAspAlaPheAlalLysValGlyLeuAspArgProSerAspLeu 160

GTTGCTCTCTCCGGTGGTCACACATTTGGAAAAAATCAGTGTAGATTTATTATGGACAGA 542
ValAlaLeuSerGlyGlyHisThrPheGlyLysAsnGlnCysArgPhelleMETAspArg 180

TTATACAACTTCAGCAACACCGGACTACCCGACCCTACCCTCAACACTACTTACCTTCAA 602
LeuTyrAsnPheSerAsnThrGlyLeuProAspProThrLeuAsnThrThrTyrLeuGln 200

ACTCTTCGTCAACAATGTCCCCTAATTGGAAACCAAAGTGTATTGGTGGATTTCGATCTG 662
ThrLeuArgGlnGlnCysProLeulIleGlyAsnGlnSerValleuValAspPheAspLeu 220

CGTACGCCAACGGTTTTCGATAACAAATACTATGTGAATCTTAAAGAGCAAAAAGGTCTC 722
ArgThrProThrValPheAspAsnLysTyrTyrValAsnLeuLysGluGlnLysGlyLeu 240

ATTCAGAGTGACCAAGAGTTGTTCTCTAGCCCCAATGCCACTGACACAATCCCCTTGGTG 782
IleGlnSerAspGlnGluLeuPheSerSerProAsnAlaThrAaspThrIleProLeuval 260

AGGTCATTTGCTGATGGCACACAAAAATTCTTCAATGCGTTTGTGGAGGCTATGAATAGG 842
ArgSerPheidlaAspGlyThrGlnLysPhePheAsnAlaPheValGluAlaMETAsnArg 280

ATGGGAAATATTACACCTCTTACAGGAACTCAAGGAGAAATCAGGTTGAATTGTAGGGTG 902
METGlyAsnIleThrProLeuThrGlyThrGinGlyGlulIleArgl.euAsnCysArgVal 300

GTGAACTCCAACTCTCTACTCCATGATATAGTGGAGGTCGTTGACTTTGTTAGCTCTATG 962
ValAsnSerAsnSerjfLeuLeuHisAspIleValGluValValAspPheValSerSerMET 320

TGAGAAAAGTTGAGTCAATATCTGGCTACCAGAGTACACGTTAAGATABATAAIGCGCTC 1022

TCAAGATGTTACTTGAGAAGGAGAAGATATTTATTGGTGTGTAGAGAGTATCTAAGTTGT 1082

TCTCTGTTTTTATGTTTGAGTTGGCCTTTGAATGCGTTTCGTGAATCGGTCTAAACTTTT 1142

ATGGGTTTGTGTGTAGAGAGTATCTAAGTTGTTCTCTGTTTTTATGTTTGAGTTGGCCTT 1202

TGAATGCGTTTCGTGAATCGGTCTAAACTTTTATGGGTTTIGGACTTTCTATCCTGAATAA 1262

GATGACACBATAAMAAGATGTTACTTGAG 1291

Fig.1-9 DNA sequence of cDNA insert on pSK2. The amino sequnce between
the vertical lines is similar to that reported by Welinder(27). The
underlined sequnce is complementary to probe II. Asteriks represents
the stop codon. Polyadenylation signal is represented by box.
Horizontal arrow indicates the directed repeats.



TT

ATGCTTCATGCATCTTTTTCCAATGCTICAACTTACCCCTACCTTCTACGACAATTCATGT
METLeuHisAlaSerPheSerAsnAlaGlnLeuThrProThrPheTyrAspAsnSerCys

CCTAACGTCTCAAACATAGTACGGGACATCATTATCAATGAGTTACGATCGGACCCTAGT
ProAsnValSerAsnIleValArgAspIlellelleAsnGluLeuArgSerAspProSer

ATCGCCGCGAGCATCCTTCGTCTTCACTTCCACGACTGCTTTGTTAATGGTTGTGACGCA
IleAlaAlaSerIleLeuArgleuHisPheHisAspCysPheValAsnGlyCysAspAla

TCGATCTTGTTAGACAACACAACATCATTTCGAACAGAGAAAGATGCGTTTGGAAACGCA
SerIleLeuLeuAspAsnThrThrSerPheArgThrGluLysAspAlaPheGlyAsnAla

AACTCGGCTCGAGGATTTCCTGTGGTTGACAGAATCAAGGCCGCGGTGGAGAGGGCATGC
AsnSerAlaArgGlyPheProValValAspArgIleLysAlaAlaValGluArgAlaCys

CCAAGAACTGTTTCATGCGCAGATGTGCTTACCATTGCAGCTCAACAATCTGTTAATTTG
ProArgThrvValSerCysAlaAspValLeuThrIleAlaAlaGlnGlnSerValAsnLeu

GCAGGAGGTCCTTCTTGGAGGGTTCCTTTGGGAAGAAGAGACAGCCGACAAGCATTTTTA
AlaGlyGlyProSerTrpArgValProLeuGlyArgArgAspSerArgGlnAlaPheLeu

GATCTCGCTAATGCGAATCTTCCAGCTCCATCCTTCACACTTCCAGAACTTAAGGCTGCT
AspLeuAlaAsnAlaAsnLeuProAlaProSerPheThrLeuProGluLeuLysAlaAla

TTTGCAAATGTTGGCCTCAACCGTCCTTCTGATCTCGTTGCTCTCTCTGGTGGTCACACA
PheAlaAsnValGlyLeuAsnArgProSerAspLeuValAlaleuSerGlyGlyHisThr

TTTGGTAAAAATCAATGTCGATTTATTATGGACAGATTATACAACTTCAGCAACACCGGA
PheGlyLysAsnGlnCysArgPhelleMETAspArgLeuTyrAsnPheSerAsnThrGly

CTACCCGACCCTACCCTCAACACTACTTACCTTCAAACTCTTCGTCAACAATGTCCCCGT
LeuProAspProThrLeuAsnThrThrTyrLeuGlnThrLeuArgGlnGlnCysProArg

AATGGTAACCAAAGCGTCTTGGTGGATTTCGATCTGCGTACGCCAACAGTTTTCGATAAC
AsnGlyAsnGlnServValLeuValAspPheAspLeuArgThrProThrValPheAspAsn

AAATACTATGTGAATCTTAAAGAGCAAAAAGGTCTCATCCAGAGTGACCAAGAGTTGTTC
LysTyrTyrValAsnLeuLysGluGlnLysGlyLeuIleGlnSerAspGlnGluLeuPhe

TCTAGCCCCAATGCCACTGACACAATCCCCTTGGTGAGATCATATGCTGATGGCACACAA
SerSerProAsnAlaThrAspThrIleProLeuValArgSerTyrAlaAspGlyThrGln

ACATTCTTCAATGCCTTTGTGGAGGCCATGAATAGGATGGGAAACATTACACCTCTTACA
ThrPhePheAsnAlaPheValGluAlaMETAsnArgMETGlyAsnIleThrProLeuThr

GGAACTCAAGGAGAAATCAGGTTGAACTGTAGGGTGGTGAACTCCAACTCTICTACTCCAT
GlyThrGlnGlyGlulleArgLeuAsnCysArgValValAsnSerAsnSerLeulLeuHis

GATATAGTGGAGGTCGKTGACTTTGTTAGCTCTATGTGAGAAAAGTTGACTCAATATCTG
AspllevalGluValValAspPheValSerSerMET**x .

GCTACCAGAGTATACGTTAAGATABATAAAGCGCTCTCAAGATGTTACTTGAGAAGGAGA
ATATCTTTATTGGTGTGTAGTGTGTAGGGTATCTAAGTTGTTCTCTGTTTTTATGTTTGT

GTTGGCCTTTGAATGCGTTTCGTGAATCGGTCTAAACTTGTATGGGTTTGGACGTTCTAT

CCTAATAAAGATGATAARATAAAATAAACCCCCCCCCCCCC

2

62
20

122

242
80

302
100

362
120

422
140

482
160

542
180

602
200

662
220

722
240

782
260

842
280

802
300

962
320

1022

1082
1142
1202

1243

Fig.1-10 DNA sequence of cDNA insert on pSK3. Refer to caption of

Fig.1-9.
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Fig.1-11 Comparison of amino acid sequences deduced from cDNA
sequences of horseradish peroxidase genes. The amino acid sequences
are identical or homologous with that reported by Welinder(27). The
proximal and distal histidine residues are enclosed in boxes.



BR2ODTI/ENEID. 42DT I/ BH220H->7, TITIZARYN3
BEOXEFERICEY. BB ICEE L. BEORFCITFICHIIFH
TeleprotedS, Bohz7a—rkid k< —RLTwk, LPL, X2V -2
ZieHWeTe—-7 L BAASEWEERFZHEOTA VIS L. BL AT 3
JBENEBEOTAVFALLERIND7a—T TERARTE 2N, TD3DD
TAVEAL LBREFLIM, E5ifiicn oD TA VTS LBEFHH ST
ErLELILNSE, LT, BRENRLIUNVZEFHERBICEL2BHDD
WiETREY Y ZIREDELICEREERTIOTHH S, SEZu—rfLL
pSKl DEERF LV HRBENE 7 I/ BEFIL. Welinder OWEL LA X
¥ —BTPAVFLLC DERE—FK LA, Welinder {3 VIT2ERHMHTHEEY
FERAVAF LY —¥O7 I /BEMNERR L2, 72 19765213 Clarke
L Shannon®® HIIHHAT I /BEFIERRL., RALTAVFALLC THEICH
PHbSFRVAED B L ERLA. £D% Welinder 133 SITHMICHITL T
1976412524 7T I /BREMESRL2Y . Clarke SOBEFNICFAHFLHEROLD
AL EBEDh2@ANYPHEILEERLAL, SEARLIQ—VOT I/ BE
Fl{, Welinder DL DX EHL T Wiz, Clarke SOBIMIMDT A VFA L7
O-CORMNEL—-RLLh 7,

Welinder DRLETA VFAL LC ONKET I /VBRERCO VY I B
TH-71228, ATDORATZFLY—LEDHELELER/VIIVETDH D,
TR, NREBT7ORI VY IPREBI>TWE I EZRMLTWER, cDNA
IDHEESALENLAXRVY—EC D7 I /BRI DNKBRFCEHREMICT
XARSRZFREFEETII LA SPICL -7, ¥RV I VRITEER
FEINERTZLEINIIVICEHRLTWS, RAFF Ly —EldEBERAT
BB EELTWS EEDLRTENY, Y7 FPARTFED LS LREL
CHEST2BEZETAERDEET AL HHENTES, X3 %2TERS
RAFF LY ~CDONKEBELCHESTIIXANIRTF KYPFEET S
Z EIZEKEV, —FCREBENZOWTIZ, Welinder 327 3 /BEMNEZRE
LzBEice® . CABSE—THWILEEEILTWE, RELZEFTE
Val-Asn-Ser THo79. AL KX I R7F¥—LA 2HVWTRELLCEKRRIE
Be0sHe ) T, BT RISTXY, NY L TH-T, Welinder 13CREH
ENTH—XR3LEHELOr, RIBEFHLERCLIZ Lo, AEBLY
THLEEZR, LPLZO—SV ORISR EERLLOL,. CREL
X2ANIRTFROTORI VI REINBICL D LD, DELLPTH S,
CHRBIXZNIRT7FRKAFORFICOVWTIR L bh>TWniw, LAl
PP OB E ICIENFKBELS I, CRELELL T HPNRTF REFOS VXD



BHYEETBELEOHREND B,

cDNA (/Y (A)*RNA 28BB L. AV T T2 75/~ LTHEERES
AWTE®RT 2., —BOICEEERRIZ. 1o DNARY XS5—-L LD DNA &
BRRIGHICA->LBEEZTRIRALIENEN, 3EORNVIX LY —ETA V¥
ALBEFOIBD2OPFREMBIRDICLISWEELHZH. WYRARE
DRNDHKIIH 1000BEIC HERELSHLhTED. 3BOTAVHFA L
BEFOHEICIT Cla & C1b . Cla & Clc B, Clb & Clc FETHESES
93%, 92%. 94% THEEHEONNAADBAN I L E 251213, B siEEN
23E3, 2. BoLNLLT DA D7ua—id. SREAKBI RS ATC 24
DRELUNRNVAXRV T —ER2 2~ RT3 cDNA Tldhhroz, F0izH, NKE
IRIRXAPSRTIF ROBFEEFFRBENLRZLLPLLTZDLEEN LIS T
272 pSK2 IZDoWTIETA VF A LC ONKETHAEQZ/ NI VBICHYS
BUMEZTDIDDORTFREZIA-FITEHEFEIIRNWTNWE, LD LR
RTBIZBY/LBETFZEETRIE. DN TRILEHNOERDOAL 5T
TAYFALBETORERE - BEVTEETHS D,

%5 B

FE7VEESEEB L DME LR Y (A*RNA L D, Gubler & Hoffman OF
EXAWTHSHAELIRS cDNA 54 T75Y—2ERLL, X2VU—ZV
TR—TELTHWSLZHIIZ, BRIEEINTWLIT I /VBEMEL LT 14,
3B AVTIRXRI2VAFEEZERLE, Thiryo—7icLTano-—nN{ 7Y ¥
£ ¥—ya BT DA S4T75V—%R2Y—2>7L, 8B/ n—
FPRBLE. BH/In—CoRETE75XAIRDFIBBRMRZERT S L.
3D2DIN—THITEIENRTER, KHIZ709—-YEITHFINATYIAE
—YarviZiVaWiERESED SR, Z2HREIN—TLD 12% MU,
pSKL. pSK2. pSK3 @& L7z, ZHAHD cDNA AW DEXEF 2 RE L7,
pSKI OBEEML VBRI A2 7 IV BRENIZ. NARBRFCKRBICKRFER
T7FR (ZXAPIRTFR) 26758, HWESOLTWHEME2<—XL
7o B 224 FEMRIC pSKL HEFIE Clb KRTF Cle i3 93%. 92% L SV
DN, BRBELP I VWEBEIEEL 7 I VBREZRESATHWLZ L
EDFD20DRNVAXL T —ETA VYA LBEFTHI A LiERLL, LD
BEIPLBEBEZVERRBILLEL3DOONNVAXF VY —EREGEFHEETLE
Hhh -7, pSK., pSK3D cDNA {Ca—KERTWET7A VYHF AL LLNEKSE C



KRBT H 2 P IRTFRHPFEEL TR, LrLl. FH5R7A DN ZnwIh
L, BREAKI R ATC 2827, TERANNVIF LY —¥ DA BEFTT
>3, R B AN



B2E HEIPHERNAX LY —FDNYF ) ABREFHOIO—ZV
B1m WE

BEIZIEDORNAXF LY —CRBI30BHLDOTA VF A LAFFEET B L
BRINTWSE2", ZOZREVPSBOBEFIEBAT LI LOL D). Hd W
BEBOTAYVFA LARETFOEEMOT Oty L Y FRERNRTIL LV,
BLICHRBOBERLEH (Taty 7, BHEOMNZE) X2 LHPIEF
HTh 2.

. RAARL Y —BidEWEONMLEEL. BEFRESDILHES
nTna2Y, —RIZZDIILHEREIEGTO S'EBRARICH 5 ANH
BICXEZZITTNWSY, BLETREZLERVAXRS Y —L cDNA BT %
BEIIEHTELoT, ChH6DIEERIIT. FXETER Y/ LBETFD7
-y ZERA. DN ZHYTLE3EBNS /LBET. EHIZHD2BNR
ET2HEBTII oML, BERMEREL., 7I /BRI HEL. &F
FHEORFMZLL, MOEBRAAXLY—¥DT I /BREFE HBRFL.
BEMBRUCEDBERDON I XS F— L/ TEM. RIIERF Y ALOEF &
wEL .

BW2EW  EBHERUGE

1. HAEHE
A77—SFRORSBEDIERE L LT Escherichia coli NM539 (supF
hsdR [P2 C0X3])8S) 2wz,
PIAIRANDY T I a2 Z7RRERMNRENTDIZIT E. coli JM103
(A (lac-pro) thi strA supE endA sbeB15 hsdR4 [F' traD36 proAB lacl® lacZ
AMI51)5® B 1f DHS @ (F- endAl hsdR17 supE44 thi-1 recAl gyrA96 relAl A
(argF-1acZYA) U196 &80dlacZAMIS)®* % w7,

2. 77=Y RV 3RIFK

FIEFA T —ERDEDIC AEMBLA ( Promega Co.)85' ¥ Bwi:, 7
TI3RIRANDYT 72— it pUC18, pUCLY Z AW, BERFIREN
&zl M13mpl18, mpl9 AW,



3. i

AZ77—VERDESHE. BRHEOARIICIE 0.2% 2L —X % &0 LB
¥, 77—=YDTL—F 4 72t 10nM MgS04 ¥ &y LBEXREH (EXRE
1.2%) RO LA LBEGHE (ZEXWRE 0.7%) 2AWVWR, I X3 KR M13 7
F—YEDNOH/RIBEICONWTIE, BLEF2HTHENL,

4. BHE7VVEEEEBL DREKRD NADOHARSS

mEMMB L D REGk DNA OHHiZ, Blin & Stafford DFES S IThe~ 7, B
1EB 2R TR LS TR L MRYS 02 HEERFET. 7YY 77L
Y —THEFL7, 200 nl OHEHE ( 250M MES, 10nM MgClz, 1mM CaCle,
20mM XKC1, 25mM NaCl, 10mM 2-mercaptoethanol, 40% glycerol, 600mM sucrose)
¥MA. FORYREYFAF-TELITHEPAI W, BOSRE (KUBOTA KR-
20000T, RA-6, 4,000rpm, 204f@,4°C ) Lcfkic. RL v % 100ml OWES
#& ( 25mM MES, 10mM MgCle, 1mM CaCle, 20mM KCl1, 25mM NaCl, 10mM
2-mercaptoethanol, 25% glycerol, 500mM sucrose ) IZB&EL. Khic 3057
WMELHELOSE ( RA-6, 4,000rpm, 2097, 4C ) L7z, XL v +% 30ml
D SIBEHW ( 10mMTris-HC1, pH7.9, 5mM EDTA ) (BB L. 3ml & Det MEHH
( 200mM EDTA, 10% sodiumsarkosylnate ) . 1ml proteinase K( Sigma )F¥
( 8mg/ml YZMZ. 37°CT LEREHL. B LH® (RA-6, 10,000rpm, 2057,
4°C ) TLBHXED, A.Tsl OLBEHIC CsCl 4.7g, TFIT7ATBRIEK
(EtBr) ( Smg/ml) 0.5m1 #MZ. Bazaral » Helinski DFES? vy, CsCl
-EtBr PHZEERLOHELZIT >0, REZEIHSEFAZOR (80P RiZ 55P) .
T—4% —i% RPV6ST %2 {EM L. 50,000 rem. 1285F. 18CTH L -7, Rk
DNA B 2L, AV 7 3INTLI—NT EtBr 2BEL. TE BEHRICHL
THBEN LIz, —%D DNA B&RE LD, 0.6% THO—ZAFNEBREHICL D7
TR ( S0kbp DlE) 2RH-oTWATLE2WBLAL, IhEHNRELK DNA
ELTHERLL,

5. RELDNAD Sau3Al 2L BHHHES

S0ug Ofefatk DNA 2HWT SaudAl THEAHNELA, Zhickxs 10-20
kbp OEFEABRLEL BN L DL Sau3Al DBFRLE N BEOBORARE
RO, TRICE D LEL SaulAl DBERFEHL THEALL, 37CT 1 HKEY
B, 1/10EBEDOE L ( 200uM EDTA, 5% SDS ) #MZTRIG:#LEL. —8
% 0.7% P7HO—XFLVERRPBICL D TBERBERELL, 29 /- VTR
XD DNA ZEIRL. 40ul o TEEGHEICBHLL, Thz 10-408 DX 70—



2EEREROCCIONELL, K. BxH@ERELOR/ ( 80P Fid 55P ).
O—%—{3 RPS40T Z M\, 18°C. 16B%fE. 33,000rpm KX DT -7, ELF
DEIZNREHT. 500ul IOHFWMLLE, 75773 a XD 1EEDOLIE TH
O—2BREFICLD. DNA A XEBBLTHHNDES (10-20 kbp) DT
Y*ECESEIY / -NVERRBRL. BEERLL., BonTCURBRYE 200l OTE
BERICERL, BU—8ED 0.7 7H0—X S5 NVEBREHICLIVZOHFE
ERBLE. 10-20 kbp DES 2D DNA 2 SUEH 2L LHT. TAH U
2778 —¥RBERLL, 7/ —VAEK, ¥ /—LWERT DNA ZEMIL,
10ul OTE BERICERI S,

6. BREUVTESY ) LBETFIATI7Y—DERS

R #%— DNA i3, 2.2ug O AEMBLA DNA % BamHI. Sall THIMith. 7 x ./
—VREBL, Z¥/—NTHRBLTHWS, 0 DNA( 2.2ug ) & Sau3Al T
BHSBLTEBLEREY7TEDNSF /L DNA lug % 10ul ORGHRT T4 DNA
Y H—-EEHWT, —B 15°C TREEEL., EERIGBEHRD Ny F—¥
v 7'y A5 . (Packagene, Promegatt) ¥ AW, ZOJREABIHEW Sy =
Y7L, $BRHEIE E coli WM539 2RV, £0ABUI Murray 5D FESS 1T
et Nur—Y Yy 7H%ESMESHMR (5.8 NaCl, 2.0g MgS0s - TH20, 50ml
IM Tris-HC1, pH7.5, 5ml 2% ¥3 5> 2ZBATL] CARLA—P2L—T
Libo) THEEHRLAEY 7 —VHl 0.1n] L1556 0.1l 2HESL, 37C
T WHBEHL. EEEX (0.758BXE2 & LB i) 30l 2m. LB EXHE
HizrLv—54 7L 3TCTHELL.

7. -7 DHK

Ta—72i3 pSKL (B 1EE3E) O cDNA % Pstl i LTYIDH L.
2p TEBLTAVL, 2P ok HMBEIE. [a-22P1dCTP (JLiEHEH 22.2TBa
/mmol ) T, Amersham # ¢ Multiprime DNA labeling system #» Boehringer
Mannheim Yamanouchitt@ Random Primed DNA Labelling kit #HWT. £h %
NORPBICHEWTL -7, @F vy bed Feinberg & Vogelstein DT 5 A
AT —TF4T—HTVEEIZLTWES,

8. IPFT—=INATUVTL¥—1 g rs®

T"EIVTEY ) LABEFIATIV-—DI 7=V T I=02 A0 XTI
> ( Hybond N, Amersham#t YIZHB L. HI0OHRERE S €/, K ( 0.54 NaoOH,
1.5M NaCl ) i SHrRELEES ¢ fHHE( 0.5 Tris-HCl, pH7.5, 1.5M



NaCl ) {2 54+, 2ERBRLTHALA, XY T75ri:RRkHk. 80CT IREIRA
X447 DNA 2 XV T I VICBEIEL, 0.1% SDS &% 2 X SSC (T, 60°C. 304
BREL. ATV LoREMEBRELLR., TINATVILAE—a 8B
(6 X SSC, 5 X Denhardtif, 0.5% SDS, 100ug/ml calf thymus DNA) #T 60°C
THEBGEEL. X PPTEEALLILNAFL Y —E DN BiFETO-T
FLTHA. 60°C. #20BEMNA TUF A XEE, Dt 2 X 8C. 60C T
XTIV EREARKRL. BRECTA—ISYAITT7 1 —2fio0. HBbh
rEHEIZO—VIE. 19207 L— b ETRTHTS—2 BT —TERET AL
WIB—BN 77— VHBEBOLNBEITTITI—INATUTAE—a v ERD
BL, #ifbl7,

9. 7r—YHFPS5HODNADNHAR

FPL—FS54 E—FEOEEVWT, BT 7R RCBHPOT T -VR
& (Hil) ¥ EF2 (3 10%/nl ),

ENENT 7 —VEBEHWT, B coli WM539 ZBRRIELTLUT2o00FHE
FPEERAVWC 7 r—VHT2HEBLL, 1l OEBXF—AVT7 7 —VHTF2 2R
ICHEB 4 2212, Manniatis S DFEDITH -7,

F7 Spl DEBEAS—NLTHMT ZEICIE. Mamiatis SOFED FHEL
-, Hib. Hefic LB HBMEFAWTHESY. Lol AT yRVYEANTFa—T
2 InlOBERE 1B R A EARTELABEET L7 ( 8,000rem,
5. | )., FBAXMOF—TICBL, 100u] O 5M NaCl & #9 50011
@ 40% PEG 4000 BHWE*X M TEAL. 4C 2 30NEARELL, ZHEHEEZ
12,000rpm T 104FEROAMER. LEBEEH TRV vy M2 200n] & TE
BEHEZ ANT L BELS, WERBHIC 200l D7z /—VEBERENZ X
KBS L. 12,000rpn T SHERLOSBEL . ABEHOFHFLWF 2—TIZHB L.
40001 O OOk AV T IATL I BREMLL BRIEREL
8,000rpm, SHEOROMBIC IV ERBERB L ARICH T, KBEHDOF 2
—7EBL, 100l © T.5M BTV ESTLABEEEML. S5 Blul
BIY/—NEMLT -80°CT. SHEMRERB LM ( 12,000rpm, 1077 )
2D DNA #EMRLZ. ZhiC 200ul o TEEGHEZMITHELY /IR
BEBRDELL,

10. 20MOMERFFE

SIRBE - BHBERELARIIE, S xRS ECE >, TIAIK INA D

WM. FOUNTIRFADBEWITHAO—RFNBRES. TF N4 TV



A1€—vary, BERFMORELLEBIER 2B RLCEN ST -2,

B3 R

1. BEZ7VTERVAR LS —EDTAVYFA L5 LBET prxClc BE
Manniatis 5i3 B—abC—0BEF2 LS /4 A RLFFINL TV FA
-2 aZIVBRET DS %Z<EL 10ug DY /L DA BRETH
BERRTWVWSE, 22 THEVYEDS /A DNA 10ug ¥HWT EcoRl THE
L. 1% 7a—-25VEBREBICLYFELE, ¥R T77—2&D
DNA # 4 2> XY 75 ( Hybond N, Amershantt YICB L%, 7Oo—7% 22P
CEBEL R 5Kl ) DNA BFEEFWT 5CTHFINL TUF4€—2 3
VEFh oM, BLHNNATYKIE 2 X SSC, 65°CT3E. 0.1 X S, 65C
TIELWIBLWRETHREL, TORRE. #15kbp. #14kbp DK E S DN
AT7YFA4XTHMIETRHALL, D 4kbp O EcoRl i 70— 7
T2, 4/, DNA % EcoRl THEL. 7HO—XFNEREKHICEI O
BL., “VEDHELITEIMNE,LOLY 4kbp DKREZIE2F - BIFFENRLLE.
DWiF% EcoRl THAEL pUCI8 ([CE#HE L. E. coli DHae 2BEEBEHRL TH
700 MM EL B, pSKI O cDNA 27O —T7 L LTauz—N{ 7Y ¥
A¥=vavigkDx2V—=v 7L, #Hikbp OB A ZLOBEE7 O—
VERBL, T0—HF0EEEMEFREL,  Fig2-1 KARTIIcHMEEZL
TWREHEBLAE, ol S IZHBT5T7AVFA LT/ LBEF
(prxClc) 22— R LTWAH, prxClc W1 A by X)) ERIEEFE T
HOoTHEIZXY VICHETIENERDIIENTE LT,

2. BEIZVFTENAXL Y —CRAEFORE
FEVHUEREBM L OFAML 5 /L DNA 2 Sa3Al THEH A L. Banll
THRBLUIZAEMBLY 23X 7 7 —ICHWT, 6 THns /L REFSIAT7T7Y—
#ER L., pSKIod cDNA % 2P CTEBAL7ye—-TLLTHEHL. 757
NATYFAE—vaiZhD 22— 7Tk, SfioREI I o—r
(79— 2, 4, 8,9, 10, 15, 19, 22, 23 ) 23882, Zhbzu—red
NATVIA L~ arDL7TANBEE. 70— i2L->TEB>TED, K
EL3BHRICHITBILBTER, 7a—> 8, 9, 10, 22 37 FAHFHEL,
70—y 15 3B 72— 2, 4, 19, B BEZEOFEBREORIE -7,
HrDra—rED 77— DNA RE LA, FHAWL/: DNA % EcoRl THE
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. 18 7H2—-XFNEKEKHTHAEL. DNA BRFEFI0r X0 T75EBL
72, PSKL @ ¢DNA 270 —TWZLTHFINATIVFA L~ a TN,

cDNA LtHE#ODMAEZREL S (Fig.2-2), 70— 15 RUS 23 43, 7
L—brI34 - ELL2BREY r —VRBROBEBRB THOBEZO— VBB
ALTWRX ST, WFRLNA TUFAL XL TW# Tkbp DM IR OB 4%
70—YDRERALIELDE 72, BUE77—3 DNA % EcoRl THEL. 740
—AFNVBREASTHER. NA TV A X LN REHYTIHNE2Z0F
DEIRL T pUCI8, Bk pUC1Y Y Z2ua—=v 7L, ¥T772u—=y 7L
LHAOFHMERBEKEZERL., SLICEINLEERNERET LI LIZED,
BB O—E. I INATNVIAL -2 a YOBDL A E
ERIRIC. 27— 8. 9. 10, 22, 70— 2. 4.9, 13, R 77— 15

DIDDIN—TZHETER, BRXDIN—T BT E70—2idy /4L
BRELEEZEFUHAF X 70— 7L Twe,

3. RVAX LY —E5/ LBET prxCla, prxClb NBEENDORE
TI—INATYFL -2 a3 Y TRLBWS T TNVERLEINV—TH56 7
O—y 22 2. TAVFLALC D cDNA 24 TV ¥4 XF 3 EcoRl Wik
(M7kbp) ZH770—= 7L HMBHRZAERLL, T4 pSKID cDNA %
IR=TELTHYFINATYIA L~ a 2NV AF LYV —ERETFL
HEZEOHZHEZBEL T2 (Fig.2-3), #2T Fig. 2-3 RT L5 %
ZRTFV—zhEN, BERFEFRELL, ZOBA EIIZ pSK2 @ cDNA ¥
FITHIET 55/ LBETF prxClb R pSK1 & cDNA BHICHIET S5 /A8
mFfprxCla @ BglU M L D BB S v FAZEZhTWE, 20—y 22 O
& Bl HIBERERAT (AGATCT) MHEE GATC 7% SawdAl DRBFWALICH/N T
DESELTHAMBLY 27— 78hTwl, L Lioro—>r 9 T
pSKlL O Bgll XN ELHRTHLEZNTEY. ZoOFHoEEEALREL 22,
sa—r 2 &7~y 9 THLWLTF—F72#HAbYE. prxCla & prxClb &
SBEES E 187 (Fig. 2-4) , pSKl. pSK2 DE cD¥A LHEBLTZX Y O
EBERELR, 74 VA LClLaLCIbD Y / LBEFIZ3 DDA bnr k4D
DIXY Y EFHOEBBEEZL TN,

4. RVFAXRLF—E5/ LBIEF prxCl. prxC3 DIFEEFDRE
TI=INATYFTAE— a Y THBES 7 TNVERLI V-7 L) 70

— 2 2. pSK1 @ cDNA A 7Y ¥4 XL 7 EcoRI BFH (#94kbp) %
70— L THBBEMRZERL, Fig.2-5 ZRTIILANIF V-6
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GATATCCACATGTTTCAATTCTATTGGTCCAATTTTTTTTTTCCTTAAATTTATTTTTAG
AACGAGACTCACATTCATCTCAATTCTATTGATCTAATTTTTTTTTTAAACGATTGTAGA
GACTCATGTGAGTCATATAGAAGTGCTCTAACTATGAAGAGTAGTCTTGACTTGCTTTGT
CCATTTTTGATATAACGTTTATATCATACACATTTTACATGGTAATTTGTCATGCGAAGG
CAGGAAACGAGGATGATTGGAGATAACTTGAGAAATAAAATTATACGTATCTTTGTACCA
ACAACTGCAATTCGTCAAAACCGTGCCCACTCCTACCTACCCGCTATATATIGAGTAGTTA

GTTGACAAGAAGAAAAGCCTTCATTTGCTGTTCGAGAGAAAGCCCTTCAATITGAGAAAAT

CAAAGCCTCCAGGTTTGACCCGTATTGCOTATAAAAGGATITATATAAGATATGGACCTTA

CTCCTATTCTCGGTTAAACACAATTAATTAGTTTTCTTTTTATCTTTAAAAATATGCATT
MetHisS

CCCCTTCTTCTACTTCGTTTACTTGGATCTTAATCACATTGGGATGTCTTGCGTTTTATG
erProSerSerThrSerPheThrTrplleLeulleThrLeuGlyCysLeuAlaPheTyrA

CGTCTTTGTCCGATGCTCAGCTTACCCCTACCTTCTACGACACTTCATGTCCTAATGTCT
laSerLeuSerAspAlaGlnLeuThrProThrPheTyrAspThrSerCysProAanalS

CAAACATCGTACGAGACATCATTATTAATGAGCTACGATCGGACCCTCGTATCACCGCGA
erAsnIleValArgAspIleIleIleAsnGluLeuArgSerAspProArgIleThrAlaS

GTATCCTTCGTCTTCACTTCCACGACTGCTTTGTTAATGTAAGATAATACTTTTTCATAT
erIlelLeuArgleudHisPheHisAspCysPheValAsn

TTCTATTGCGTTATGAATTATTGTGCGTTTTATCCTTTAGATATTGATAAATCACCTCAA

GTCAAAATTTAATAAAACATTAAATAAAATATGATACAAAGAGTCAATTTGTTTTGTAGG
AATATAATAGAAATTTCAACATGTTTTTAAATATGGGTCCAAAATGTTGAAAACGACATT
TCTTATGAAAAAGAGTGAGTATGTATTAAATCATAATTTGCTATAATTATCGGGTTGTGA
AAGTAGTTCTATTCATTTTGACATGTAGATGGTTGCATAGTACGTTTTGTCTACAACATT
TTTTTCTTGATTCATTTTACAAAATTACAAGTTCACTT@CCTCCGAAAAATATGTATAGC

CTTACTATCACATAATTACATAATTTACATTCAATAATAATTTTTATTTTTTATATAATA

ATTTTTATTTTTATTTATATAAAAAAGAAAGATATTATTGTTTGTGGTGTCAGTTGGGTG

AAATCGTATCCTAAATAAAAGTCACTCGAGTAACGGTTCTGATCCAGATTAAAAAATCAG

TACCAAATTTCACATGGTTAGATGTCGTGTGTTAGATTTTGCTGTTGAATAATTAAATAC

60
120
180
240
300
360
420
480

540

600

660

720

780

840
800
960
1020
1080
1140
1200
1260
1320

1380

Fig.2-4. Nucleotide sequence and the deduced amino acid sequence
of genomic DNA containing prxCla and prxClb. TATA and CAAT boxes
are boxed. Underlined sequence denotes polyadenylation signal.
Vertical arrow shows the poly(A) addition site. Horizontal arrow
shows the homologous regions between prxCla and prxClb in the

5' and 3' junction of introns.



TTAACTCTCGTCGACAATGATAATGCTAAAATATTTATGAAATCGGATTCACGCCCGTGT
TACAGTATTAAGAGCATGGTGCCGTACCAAACACGATACGAATTTAATGGTGACAAAAAA

TCTCTGTTAAATTGTTACCGGTGGTAAAGAGTTAGCTATGGATGTAATACATGTACTAAT

AATTTGTTAATTAATATTTTGGATGTTTGAAAGGGTTGTGACGCATCGATATTGTTAGAC
GlyCysAspAlaSerIleLeuleuAsp

AACACAACATCATTTCTAACAGAGAAAGATGCGCTTGGAAACGCAAACTCGGCTAGAGGA
AsnThrThrSerPheLeuThrGluLysAspAlaLeuGlyAsnAlaAsnSerAlaArgGly

TTTCCTACAGTTGACAGAATCAAGGCCGCGGTGGAGAGGGCATGCCCAAGAACAGTTTCA
PheProThrValAspArgllelLysAlaAlaValGluArgAlaCysProArgThrValSer

TGCGCAGATGTGCTTACCATTGCAGCTCAACAATCTGTTAATTTGGTATGCTCCATTCAT
CysAlaAspValLeuThrIleAlaAlaGlnGlnSerValAsnLeu

TACAAACATTGTTTTTTAATTTTAACATATTTTTTAGTTGTTTGAGAGCGTCACAATCTA
TATTTAGTATCAACAACTGTTCGACTATATGAGGTATTCATGGATTAATCGAGAAATATT
CAAAACGCGTGGTCCCGTTAAGAAAATTTGACAAGTTTAATATCATTGGAAAAATTAGGT
CTCATCACAAGGTTTTACCTTGGTAGGCAAAGCTACTTTATAATTAACCAAAAAGGATAA
TTTTCATTTTTTCCAAAAATAGTGGAGATAAAACAAACTCCACTTTGAGTATATCATCAA
TCAATTTATACTACATGTTTATCTTTTTCTCTTTACATATTGAAACTTCCGAGTGACAAA

TTAATCTCACAAAAATAATTATTTTGAATATAATGGTTACTATTATATTATAGGCAGGAG
AlaGlyG

GTCCTTCTTGGAGGGTTCCTTTGGGAAGAAGAGACAGCTTACAAGCATTTTTAGATCTTG
lyProSerTrpArgValProLeuGlyArgArgAspSerLeuGlnAlaPheLeuAspLeuA

CTAATGCAAATCTTCCAGCTCCATTCTTTACACTTCCACAACTTAAGGATGCCTTTGCAA
laAsnAlaAsnLeuProAlaProPhePheThrLeuProGlnLeuLysAspAlaPheAlal

AAGTTGGCCTCGACCGTCCTTCTGATCTCGTTGCTCTCTCCGGTAGTTAACAAAAGAAAA
ysValGlyLeuAspArgProSerAspleuValAlaLeuSerG

TTAAACACCATTTGATATAAGTTCAATTAGATATTTCATTATTGATCTTATTATATGGIC

TTTCTTTTGTTAGCTGGTCACACATTTGGAAAAAATCAGTGTAGATTTATTATGGACAGA
1lyClyHisThrPheGlyLysAsnGlnCysArgPhelleMetAspArg

TTATACAACTTCAGCAACACCGGACTACCCGACCCTACCCTCAACACTACTTACCTTCAA
LeuTyrAsnPheSerAsnThrGlyLeuProAspProThrLeuAsnThrThrTyrLeuGln
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1920
1980
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2100
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2340
2400

2460
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ACTCTTCGTCAACAATGTCCCCTAAATGGAAACCAAAGTGTATTGGTGGATTTCGATCTG
ThrLeuArgGlnGlnCysProLeuAsnGlyAsnGlnSerValLeuValAspPheAspLeu

CGTACGCCAACGGTTTTCGATAACAAATACTATGTGAATCTTAAAGAGCAAAAAGGTCTC
ArgThrProThrValPheAspAsnLysTereralAsnLeuLysGluGlnLysGlyLeu

ATTCAGAGTGACCAAGAGTTGTTCTCTAGCCCCAATGCCACTGACACAATCCCCTTGGTG
IleGlnSerAspGlnGluLeuPheSerSerProAsnAlaThrAspThrIleProLeuVal

AGGTCATTTGCTGATGGCACACAAAAATTCTTCAATGCGTTTGTGGAGGCTATGAATAGG
ArgSerPheAlaAspGlyThrGlnLysPhePheAsnAlaPheValGluAlaMetAsnArg

ATGGGAAATATTACACCTCTTACAGGAACTCAAGGAGAAATCAGGTTGAATTGTAGGGTG
MetGlyAsnIleThrProLeuThrGlyThrGlnGlyGluIleArgLeuAanysArgVal

GTGAACTCCAACTCTCTACTCCATGATATAGTGGAGGTCGTTGACTTTGTTAGCTCTATG
ValAsnSerAsnSerLeulLeuHisAspIleValGluValValAspPheValSerSerMet

TGAGAAAAGTTGAGTCAATATCTGGCTACCAGAGTACACGTTAAGATAAATAAAGCGCTC

TCAAGATGTTACTTGAGAAGGAGAAGATATTTATTGGTGTGTAGAGAGTATCTAAGTTGT

TCTCTGTTTTTATGTTTGAGTTGGCCTTTGAATGCGTTTCGTGAATCGGTCTAAACTTTT

ATGGGTTTGTGTGTAGAGAGTATCTAAGTTGTTCTCTGTTTTTATGTTTGAGTTGGCCTT

TGAATGCGTTTCGTGAATCGGTCTAAACTTTTATGGGTTTGGACGTTCTATCCTGAATAA

GATGACACAATAAAAAGATGTTACTTGAdkAAATGTTATTTTACATTTCTCTTTTTCTAG

ATATTC_’I‘A’I‘AACATAC'I‘TTCATTTTCTTACCATACTTTCTACGAAATTTCCAATCAACTT
TTTTGTCGGTAAAAAAATTCTTACGAATTTTCTACCATTTTCGATTTCTTACCAGACATT
TCATACTAACAAATTTAGTAGAAAAACAGTCATTTTTACCGTTTTCTGCGATATAAGCCG
TAGGAATTAAAGCATTTTCTTGTATCACTAGGCATGGTGTCTCGTGTTGTGTTGTACACA
AAGAT.‘—\AAAA'A'AATT CATAAAGAATTAAAAATGAATATTATGGGGTTTACTCTATAATAC
TTAAAATATAAAJAGTGAAAGATGGTAAATTAACAAATTTAGTCCACATTTTATTATTAG
TGAAATGTTTATATGATTTCAAAAAAATAGATTTCTACTAATTAGTAATGATTACCCCCA
EAGAAAAAAGCCTCCAAGTTAGACTCGTTTTGCGGATTCTTAAAGATATGC

ACTTCCATCATCTTCTCAGTAATATAGTTTTCCCCTTTAAAAATGCATTTCTCTTCTTCT
MetHisPheSerSerSer
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2880

2940

3000
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TCTACTTTGTTCACTTGTATAACCTTAATCCCATTGGTATGTCTTATTCTTCATGCTTCT
SerThrLeuPheThrCysIleThrLeulleProLeuValCysLeullelLeuHisAlaSer

TTGTCTGATGCTCAACTTACCCCTACCTTCTACGACAATTCATGTCCTAATGTCTCTAAC
LeuSerAspAlaGlnLeuThrProThrPheTyrAspAsnSerCysProAsnValSeraAsn

ATCGTACGGGATACTATTGTCAATGAGCTAAGATCAGACCCTCGTATTGCCGCGAGCATC
IleValArgAspThrIleValAsnGluLeuArgSerAspProArglleAlaAlaSerlIle

CTTCGTCTTCACTTCCACGACTGCTTTGTTAATGTAAATTACTACTTTTCATATTTCTAT

LeuArgLeuHisPheHiSAspCysPheValAsn

TTCGTTACGAATTATTATATGTTTCATGTAACTGATTTTTAAATGCTTATCTATTCATAC

TGTCTAATTACATTTATCATTTGAATTTGATTATTAAATCAGTTTTAATGTGATTAATAT
AAATTTTAAAAAAATGTGATTAATATATAAACATTTTGATGATAAAATTTTTAATTTIGTT
TATTTTTCTTTTTTTTTACTGAATAAAATTTTTTTTAGTGGATGACAAAAATGTTACATT

GTTGCCGTGGTAAAGATTCAACTGTATATGGATGTAATACATTGAATAATAATTTATTAA

ATGATATATTGGATTTTTGAAAGGGTTGTGACGCATCGATCTTGTTAGACAACACAACAT
GlyCysAspAlaSerIleLeulLeuAspAsnThrThrS

CATTTCGAACAGAGAAAGATGCGTTTGGAAACGCAAACTCGGCAAGAGGATTTCCAGTGA
erPheArgThrGluLysAspAlaPheGlyAsnAlaAsnSerAlaArgGlyPheProvall

TTGATAGAATGAAAGCCGCGGTGGAGAGTGCATGCCCAAGAACCGTTTCATGCGCAGATT
leAspArgMetLysAlaAalaValGluSerAlaCysProArgThrValSerCysAlaAspL

TGCTCACCATTGCAGCTCAACAATCTGTCACTTTGGTATGCTCCATTGATCCCACTAACT
euLeuThrIleAlaAdlaGlnGlnSerValThrLeu

TTTATTCATTACAATTATTGCTTTTAATTTTAATATATCAAATAGTCACTTTACATATCA
ACACGGCAACCTAAGTTTAGAAAAACAAAAATCGGGATATTTTTAGCTGTTTGAGAACGA
CATGGAAATTATTTAGTTGTTTCAGAAGGGTCACAATCAATATATAGTATCAACTTTCCA
ATCATATGACTAGTATTCAAAATTAATCGGGAGATATTTGAAACGCGTGGTCCCCGTAGA
GAAAACTTGAAATGTTTAATATCACTGAAAAAAATTAATCTCATTAACAAGAATATACTT
ACTTGGCAATACTACGTTTTTAGTTAACCAAAAAGAATGGTTTTCATATTTTTCAAGAAA
GAGTGGAGACTTAAAAACTTCACTTCAAGCATATATATCATCAATGAATTTAAATTACAC

ATATTTTTCTCTTAACACATTGAAACTTCTAAATGAGGAAAATAATAATCAAAACAAAAT

3900
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GGTTATTATTATAGGCGGGAGGTCCTTCTTGGAGAGTTCCTTTGGGCAGAAGAGATAGCT
AlaGlyGlyProSerTrpArgValProLeuGlyArgArgAspSerL

TACAAGCATTTCTGGATCTTGCTAATGCAAATCTTCCAGCTCCATTCTTCACACTTCCAC
euGlnAlaPheLeuAspLeuAlaAsnAlaAsnLeuProAlaProPhePheThrLeuProG

AACTTAAAGACAGCTTTAGAAATGTTGGCCTCAACCGTTCTTCTGATCTCGTTGCACTGT
lnLeuLysAspSerPheArgAanalGlyLeuAsnArgSerSerAspLeuValAlaLeuS

-CCGGTAATTAACAAAAATATATTAAACACACCATTTGATATAGTTGTATTTAGTGAGTTT
erG

ATTAAAGATCTCTCTTTCTTTTGTTAGGGGGCCACACATTTGGTAAAAATCAGTGTCGGT
lyGlyHisThrPheGlyLysAsnGlnCysArgP

TTATTATGGACAGATTATACAACTTCAGCAACACCGGTTTACCCGATCCTACTCTCAACA
_heIleMetAspArgLeuTyrAsnPheSerAsnThrGlyLeuProAspProThrLeuAsnT

CTACTTATCTCCAAACTCTTCGTGGACTATGTCCCCTCAATGGTAATCTAAGCGCTTTGG
hrThrTereuGlnThrLeuArgGlyLeuCysProLeuAsnGlyAsnLeuSerAlaLeuV

TGGATTTTGATCTACGTACGCCAACGATTTTTGACAACAAATACTATGTGAATCTCGAAG
alAspPheAspLeuArgThrProThrIlePheAspAsnLysTereralAsnLeuGluG

AGCAAAAAGGACTTATCCAAAGCGACCAAGAGTTGTTCTCTAGCCCCAATGCCACTGACA
luGlnLysGlyLeuIleGlnSerAspGlnGluLeuPheSerSerProAsnAlaThrAspT

CAATCCCTTTGGTGAGATCATTTGCTAATAGCACACAAACATTCTTCAATGCGTTTGTGG
hrIleProLeuValArgSerPheAlaAsnSerThrGlnThrPhePheAsnAlaPheValG

AGGCGATGGATAGGATGGGAAACATTACACCTCTTACAGGAACTCAAGGACAGATCAGGT
luAlaMetAspArgMetGlyAsnIleThrProLeuThrGlyThrGlnGlyGlnIleArgL

TGAATTGTAGGGTGGTGAACTCCAACTCTCTACTCCATGATATGGTGGAGGTCGTTGACT
euAanysArgValValAsnSerAsnSerLeuLeuHisAspMetValGluValValAspP

TTGTTAGCTCTATGTGAGCATAGTCGACGCCATATGTGGCTACCATAATATATATTAAAA
heValSerSerMet

' TAATAAAACGCTCTTAAGATGTTACTTGAGCATGAGAAGATCTCTATCGGTTGTGGAGTA
TCTGAGTAGCTCTTATGTATTTCTGTTTGATTTTGGCTTTTGAAGACGTTTCCGACCTTC

CGGTAATCGGTTTAAGCTTGTATGGATTTGGACGTTCTATACTAATAAAAATGACAAT&A

, éAGAGATGTATTTGAC'AATAAGCAGATATATATATACGCAAAATTACAGCAAAAAAATAA
;\_’I‘TTAACGATAATTTCTGTAGATAAAACATACTCTGCTATGAGATTATTAAA;fTCATTAT

c
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WIEEEN 2 RELZ (Fig. 2-6), 272, 2 EcoRIMIF LRV IR ¥ —F
BEFEIXRTIA-—RLTWED->2DT, 3’ KREMOFERZ SO X S5 % HoH
MERHAF2 70— 7 LCUEEREMNERELL.
TIG=INATVIL ¥~ a YTRLBFWS 7TV ERLLE 70— 15 2
5 pSKL @ cDNA b NA 7Y ¥4 X L7 1.5kbp & 0.8kbp  EcoRIBilr% 4
7oa—Zv 7Lk, Fig 25 BRTEILRAPITIV—CRVEERMZRE
L7z, WECORIMIF LI AR LY —CREFERLICTI—RLTWhhHo7
DT IERBPOFERESUHMNOWMBENMA L 70— {LL. F/F Ecokl
BAOBICHDNE L EcoRI i DEET 2 THELH 22D IDAEBRAH N~
TEHEHOHBRBERAFZ 70—t L TERBLEZEFIZREL 2 (Fig.2-T) .,
su—r2k7u—ry 15 OBRERFIRVEh L HERMINE T I/ BEF %,
SATHRE L7 prxCla, prxClb EHBL, ZXV Uy EHhL2tan7” I/ BENZ
#EEL 2 (Fig.2-6,2-7)., ZOFR. 70— 2 RUf7a—r 15 »a—FKF53
7 3 BBEFIZ. prxCla. Clb. Clc DL DL BL»Twieh, £tk LTV
AXL T —ETAVFALC DTN ERBLTIBIHDE4. BSOHT AV FA
LABEFELHEBLT, Th oz prxC) R prxC3 @B LA, prxCl i3 347
BRE i3I BREOT I /BEI—-RLTW,

5. SBONNAXL I —ETA VTS LBEFOME
QRN ARV Y —EF LABIEFOHE
REROBEFHFELNTWS prxCla. Clb, . RV C3 iX. 401XV
I DRI T VW (Fig. 2-8), prxCle (oW TEREFTNICHLPICL - T
W35 LABETE DNA BETFEPSLH. ARICADDIF Y UPLERNIHT
WabNtEZLNSE, BIIXYVRNKBNOIXFZANIRTIFEORER
Ru3H, B2 BILXYVRBSBOTAVFALRTALTHD, H4TX
YV AZOWTHL prxC3 BT I /B3 REND Ibp Ao, WTFhDHEL 2
— RERESEHTEA PO ORBANMBIRS B LTH -2 (Fig. 2-13),
SEBORETFE (XY %) OMEMEIE. Fie. 2-9 ZRLAX 5% prxCla,
Clb, Clec BITIZ 90% LlEorFicHWigREZ R LA, L L, prx@, C3 43
Cla, Clb. Clc IHLTENRZEFR To6% PLTEVIEWHREETH -2, B,
C3 1% Cla. Cib. Clc WL T 2thk®IZHBEIMESKS, C2 LRI 63% &
BELE -,

@ 5'JERRAMR
5IEBRBABDIBEES] Fig. 2-10) DAL PICL > TWHABDTA VHF 4 A
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Fig.2-5 Restriction maps and sequencing strategy of horseradish
peroxidase isozyme genes(prxC2 and prxC3). Open box denote exons.



Figc 2"6 3

tttaaaccactttgtacagaattattaaacacattgtcgtattatcttccacatgtaata

agtcaggtattggataagagtatatttatacaccacttgagtacaaatatctccaataat

tcacaaaaagtaaaagccgecgagctagateccttttttgettataaaaggatttgttaag
acgaaactttattcactcaacttcaaacctaaccaaagaattttatcttagagagcaaag

aaaATGCATTCCTCTTCCAGTTTGATAAAATTGGGATTTCTTCTTCTTCTTCTTAATGTA
MetHisSerSerSerSerLeullelysLeuGlyPheLeuLeuLeuLeuLeuAsnVal

TCATTGTCTCACGCTCAACTAAGCCCTTCATTTTACGATAAAACATGTCCACAAGTCTTT
SerLeuSerHisAlaGlnLeuSerProSerPheTyrdspLysThrCysProGlnValPhe

GACATTGCAACCAATACCATTAAAACTGCGCTGAGATCAGACCCTCGCATCGCTGCGAGC
AspIleAlaThrAsnThrIleLysThrAlalLeuArgSerAspProArgIleAlaAlaSer

ATCCTTCGTCTTCATTTCCACGACTGCTTTGTTAATgtaagataccactagattcaatat
IleLeuArgLeuHisPheHisAspCysPheValAsn

tttcacgtatatattaattaaggccaaatgactttttattaacgctagtaaaaaacctgt
ttaagtacttcaéctgtaaactaccatcttaaatctagctaatctatatgggttacaata
tttttgtacacaagattatattagatattatataaaattaaaattattcatatggtgtct
aatacttgtcgeccgttcaccaatatatccataaattattgtectgtecgecagaaaaaaata
caaaagagttgaaatatactaaaaatataatcttactagagatgagtatttatcatagat
Ltgttgtcgttttcggatatgattgattaagaaattttattatatagaatgtcttttggt

tccctgatatatcacaatcacaagcttgatattaggatatcaaaaagtgatagacatttt

gatttgtggttcgactcaaattgttttttttgcttaaaatcgactcaaattgttcgttte
tcggtttattcatttcaaatagaatatactcaataaagtctcaaactétataaaagtttg
tgttagttttggttattgaaatgttgggtttcttttggttcagattaaaacaaaagaaaa
caccggagttaaataaaaatagaaataacaaaataaaattattatatcaacaaaaaatat
gtcttttagttaaattattttataagaacttgattcgacttattttgactaattttggtt
caatttggaggggcagtatttataaatggaccaatcgecttcttaagcaaattaatatgat
ttaaatagtacaacgtagattgctttcttatcttaactctcaagtttcagattectgtegt
caaagtatagttcaagatgattagttaataattagcgaactcatggectgtttcaattaac
tcggcaaaaacaaaaacaagt;ttggacttttgatggatttttatttgggagatcaaatc
agtttttttgtccaccatcgaaatttgaactctaaattttcaaaatctctettttttett
tttcttttgctaaacctctttataatttttttttctcacagcaaatcattatttactgat
tagatagctcaggataggatgggaaacacaaattcttgcactgtttacggatg;taagat
gttttgatttaactatgaatatggtagttgactaaatgtgaagaactatatttaattttyg

aaacagGGATGTGATGCATCGATATTGCTAGACAACACTACATCATTTAGGACTGAGAAA
GlyCysAspAlaSerIlelLeuLeuAspAsnThrThrSerPheArgThrGluLys

60
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540
600
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720
780
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1020

Nucleotide sequence of horseradish peroxidase isozyme
gene prxC2. Untranslated sequence are in lower case letters. The
entire amino acid sequence deduced from the nucleotide sequence
is shown below the coding region.
CAAT boxes are double underlined. Polyadenylation signals
marked with horizontal arrows.

TATA boxes are underlined and



GATGCGTTTGGGAACGCAAGATCAGCTCGAGGCTTCGACGTAATCGACACAATGAAGGCT
AspAlaPheGlyAsnAlaArgSerAlaArgGlyPheAspValIleAspThrMetLysAla

GCCGTGGAGAAAGCATGTCCTAAAACCGTTTCATGTGCTGATTTGCTCGCCATTGCAGCT
AlaValGluLysAlaCysProLysThrValSerCysAlaAspLeuLeuAlaIleAlaAla

CAAAAATCTGTCGTTTTGgtattcttcttttacaatgectatgcatctatacatetttatt
GlnLysSerValValleu

tttetttcctttttcatttaaatggttttcatatcatcttattgattttaatttttagga

gaaacaagtatttaaaccatgcaaatataattgtttacttgaaaatgaaaataaaatagG
. . A

CGGGAGGTCCTTCATGGAAGGTTCCAAGTGGAAGAAGAGACAGCTTAAGAGGGTTCATGG
laG1yGlyProSerTrpLysValProSerGlyArgArgAspSerLeuArgGlyPheMetA

ATCTCGCTAATGATAACCTTCCAGGTCCATCCTCTACACTTCAAGTACTTAAGGACAAAT
spLeuAlaAsnAspAsnLeuProGlyProSerSerThrLeuGanalLeuLysAspLysP

TCAGAAATGTCGGACTCGACCGTCCTTCTGATCTCGTTGCTCTTICTGgtacattatagt
heArgAanalGlyLeuAspArgProSerAspLeuValAlaLeuSerG

taaaaacattttcattttcatatataacctatagttgtagtcattaataaactctaaatt

attatttgctttggtttattaattcttttgatatttttctttggttagGTGGTCACACCT
1yGlyHisThr?P

TTCGCAAAAACCAATGTCAGTTCATAATGGATCGGCTTTACAACTTCAGTAACTCCGGTA
heGlyLysAsnGlnCysGlnPheIleMetAspArgLeuTyrAsnPheSerAsnSerGlyL

AACCCGACCCAACCCTTGATAAATCGTACCTCAGCACGCTAAGAAAACAATGCCCACGTA
ysProAspProThrLeuAspLysSerTereuSerThrLeuArgLysGlnCysProArgA

ATGGAAACCTGAGTGTATTGGTAGATTTTGATTTACGTACACCGACAATCTTTGACAACA
snGlyAsnLeuSerValLeuValAspPheAspLeuArgThrProThrIlePheAspAsnL

AATACTATGTGAATCTCAAAGAGAACAAAGGTCTTATCCAGAGTGACCAAGAGTTATTCT
ysTeryrValAsnLeuLysGluAsnLysGlyLeuIleGlnSerAspGlnGluLeuPheS

CTAGCCCTGATGCTTCTGACACTATCCCTTTGGTCCGAGCATACGCTGATGGTCAAGGAA
erSerProAspAlaSerAspThrIleProLeuValArgAlaTyrAlaAspGlyGlnGlyL

AGTTTTTTGATGCATTCGTGGAGGCAATGATAAGGATGGGAAATCTTTCACCTTCAACTG
ysPhePheAspAlaPheValGluAlaMetIleArgMetGlyAsnLeuSerProSerThrG

CGAAACAAGCAGAAATTAGATTGAATTGTAGAGTGGTGAATTCTAAACCTAAAATCATGG
1yLysGlnGlyGluIleArgLeuAanysArgValValAsnSerLysProLysIleMetA

ATGTGGTTGATACTAATGACTTTGCCAGCTCCATCtgaagaaatgactttctcctaaqaa
spValValAspThrAsnAspPheAlaSerSerIle

Egggtgatcaatgttat;tttttctttactactttcttatttcttttaggttatttatat
atct:t:at:tatatatagcacaatactaaaaattattatgacaaatccaatacata
aatttaaataactctgttgacagaaéaaaaattactaactcaactaaaattaéagatcat
atggttcaaagtcaaaatttaatatcatcattttcattctcaCtttatccaactcaccdé

ataagtccgctacactcaatgtcatcaaggaaaat 3095
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gaattcaattttcagaaggaatcatttaatttatgttttgaaataaatattgaatcaaga 60
aggsgggcgggatcaccatctcttgggggtatttaatg;cgatttgggégaaatctttat 120
ggtaatatgat%ggéatggéécttagtagcttattatcttagggttgatttaattatcac 180
agcgacaaatacagccaaaaactaaaagttataaattatgtgcaaataatctagcattgt 240
ctaagaaatcggtgaatagatttgaaaatttaattgtccttcaaccactctatagtatgg 300

ccttagaacaatacctaataccaaaagaaaaaaatcaacctaacagtgtaaaatactata 360

aaagaaaatactccagctactctatatagtgttccttetacgeccttagetagattcacac 420
catcagccacactctcaactgatcaaatcatagtttgtcttcttcctaaaaaagaaaaag 480

aaaaATGGGGTTTTCTCCTCTCATTTCCTGCAGTGCTATGGGAGCCCTAATATTGAGTTG 540
MetGlyPheSerProLeuIlleSerCysSerAlaMetGlyAlaLeuIleLeuSerCy

CCTTCTGCTTCAAGCTTCAAACTCTAATGCTCAGTTGAGGCCTGACTTCTACTTTAGGAC 600
sLeulLeuLeuGlnAlaSerAsnSerAsnAlaGlnLeuArgProAspPheTyrPheArgTh

TTGCCCATCTGTTTTCAATATTATTGGGGATATCATTGTCGATGAACTGAGGACTGATCC 660
rCysProSerValPheAsnIleIlleGlyAspIlleIleValAspGluLeuArgThrAspPr

TCGTATTGCCGCTAGCCTTCTTCGCCTTCACTTTCATGACTGCTTTGTTCGTgtaagtgt 720
oArgIleAlaAlaSerLeuleuArgLeuHisPheHisAspCysPheValArg

aaggacttaactttttttttttaaactatgacgtgttcattggacgtaactacttttcac 780
catttaattcacatatagaatagaggccaaaaggaatattcgaatcaataaatacaageg 840

tcatataatgtcatatatatatatatataattttgtagGGTTGTGATGCATCGATCCTGC 900
GlyCysAspAlaSerIleLeul .

TTGACAATTCCACGTCGTTCCGAACCGAAAAAGATGCTGCTCCAAACGCAAATTCAGCTA 960
euAspAsnSerThrSerPheArgThrGluLysAspAlaAlaProAsnAlaAsnSerAlaa

GAGGATTTGGTGTCATAGATAGAATGAAAACATCCCTTGAGAGAGCTTGCCCAAGAACAG 1020
rgGlyPheGlyValIlleAspArgMetLysThrSerLeuGluArgAlaCysProArgThrV

TGTCTTGTGCAGATGTTCTCACCATCGCCTCTCAAATATCAGTGCTTTTGgtatgtacat 1080
alSerCysAlaAspVallLeuThrIleAlaSerGlnIleSerValLeulLeu

gatttataacggatgatattaatccaatatgttatggatttgacgtcaatgctttataag 1140

ttatgaaatttgattcaaaatgttatgaatttgatgtcaattctttatatatatgttata 1200

gTCGGGAGGTCCATGGTGGCCGGTTCCGTTGGGGAGGAGAGACAGCGTCGAAGCTTTCTT 1260
SerGlyGlyProTrpTrpProValProLeuGlyArgArgAspSerValGluAlaPhePh

CGATTTGGCTAATACAGCTCTTCCCTCTCCATTTTTCACTCTTGCTCAACTTAAAAAAGC 1320
eAspLeuAlaAsnThrAlaleuProSerProPhePheThrLeuAlaGlnLeuLysLysAl

TTTCGCTGACGTTGGCCTAAACCGCCCCTCAGATCTAGTCGCTCTTTCTGgtaaaatatt 1380
aPheAlaAspValGlyLeuAsnArgProSerAspLeuValAlaLeuSerG

Fig.2-7. Nucleotide sequence of horseradish peroxidase isozyme
gene prxC3. See legend of Fig.2-6.



catgatgtttctaatataagtgtttttgatctagctagatctatgcaattcattttatat
aatgatagctaaatggatgcactcctccactaagtctggaatttacatattaatttataa
gttatagaattacaaatttataattcaaattttattattttgaéttctattaatatgatc
tactat:ataattcaéatttattttgtaatttcttaggaatgatttgcttttggctttga
aatgcatgaccaagtataaaata§attaaaaaaggataatataattaaataataaataat

accatctcaaacaaaatgtcttcaagcacgtgattttgaattaaaacatgaattagtaaa

acgaaaaaatcatgacttttttgttgtcaaactttttgttttttttttttaattttccaa

ctgacaaaccataaaaacttaaacatgcaatgtatctaaaccttagttattgtcaaaatg

gtagGTGGTCACACATTTGGAAGAGCACAATGCCAATTTGTGACACCTCGTCTCTACAAC
1yGlyHisThrPheGlyArgAlaGlnCysGlnPheValThrProArgLeuTyrAsn

TTCAACGGTACAAACAGACCAGACCCAACTCTGGACCCAACTTACCTTGTCCAACTCCGT
PheAsnGlyThrAsnArgProAspProThrLeuAspProThrTyrLeuValGlnLeuArg

GCATTGTGCCCTCAAAACGGAAACGGCACCGTTCTGGTCAACTTCGATGTCGTGACTCCG
AlaLeuCysProGlnAsnGlyAsnGlyThrValLeuValAsnPheAspValValThrPro

AATACTTTTGATCGTCAATACTACACCAATCTTCGTAATGGGAAAGGTCTGATTCAGAGT
AsnThrPheAspArgGinTyrTyrThrAsnLeuArgAsnGlyLysGlyLeulleGlnSer

GACCAAGAGCTCTTCTCGACTCCAGGAGCCGACACGATCCCACTAGTAAACCTATACAGC
AspGlnGluLeuPheSerThrProGlyAladspThrIleProLeuValAsnLeuTyrSer

AGCAACACGTTCGCGTTCTTCGGAGCATTCGTTGATGCAATGATTAGGATGGGAAATCTT
SerAsnThrPheAlaPhePheGlyAlaPheValAspAlaMetIleArgMetGlyAsnLeu

AGACCTTTGACTGGAACTCAAGGCGAGATAAGACAGAATTGTAGGGTTGTGAATTCGCGA

ArgProLeuThrGlyThrGinGlyGlulleArgGlnAsnCysArgValValAsnSerArg

ATTAGGGGTATGGAGAACGATGATGGAGTTGTGAGTTCTATTtgattatgttgggaatat
IleArgGlyMetGluAsnAspAspGlyValValSerSerIle

ggttatgtaacaaatcataaaatgtgtgggaacatgcatgtcgacte@ataagagetctce

acgagttatgacttgtgagattacaactgaaaaaaccaaaggaaagaaaagatcagéttt
tggatccaagtaaggtgatgaggaagtccttgtagtctccagaaacatcaccgataatag
cgttatccatgcttgaattgtacatgttgaaatactctcctctcaccttcatcaaatcaa
tctctgcacgecgtcacaattgetctcatcaacgaatcttcatetgttccaaaaccctcaa
tcgaatctcttacaacctgccaaatfataagcacaaacttgaggaacacaaacaccttct

ctacttaatctatggcaatttcacaccttgcaa 2733
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BEFIZVWTFRL, ABREYORERBO7OE— 7 —BF| TATA box (2> &>
I ZEF TATAAA ) ICH NS T2 EMNHFBIRMME K> ATG LD _EF 60-210bp
BHCEBEHEEL T W, 2720 TATA box D LERICE K FEEL TWS CAAT B H
{fprxClb, C2. RUC3 THLELAL, prxCla id CAAT EFICHALL Z2BH CAAA
# ~101bp. -140bp. RUF -185bp DU EICHIEL L, HPBETFICBITHTATA
box (22T Joshi &, CAC TATA A/T ATAG THBI EHFFVLEHELTH
5%, 400RLF XL Y —ERETFOHE, %2IL—KLTWE LORSTY
H TATA BHOFT S THREEETIIHEML Tnwe,

FoEBERICBWT, BIREBI RS ATG o 3bp LHEOME (-3) nigE
PEROPRICHBRE . FOBEPADBECEVEIRATNE™®, DX
WAXRS T —=ET4 Y4 LBEFOHBEL, FTRXTAL-, EHPREFOR
KRB R fEEDIT 2T RBFICOWT, Joshi ZBEFRBET TIE AACAC
C ATG GC®® ¥ . $ 7= Letcke 5iX AACA ATG GC™V X #ELTWS, WTFho
BEL 3 NEBERATHZABEALTHES. NFAXII—-¥REFTR
Letcke S5DBWFIOFIZEEL TWwW, LrLaryeryyREHNTHREKI K
ATG KRS ERIZ GC T, T GC TH2 2RI 77320 THBEMB. prxl2
DHEIBT I T, MU XF YV CAT/O)TH » 7,

® 3'EBRER

SEORETFD 3 FEERAR Fig. 2-101IIRY AR 751 AATAM HE
BEELL. T35 prxCla, Clb, Clc {C2WTiZ cDNA R LTWBEDTH
JASHMENTVENENbP S, Z2OMES Fig. 2-11 THRRATRELTH
3. CO3BORETFOBE. KUADHMLAEEL DY WEEFRIECH
ZELTV12 AATAAA BEFI. HD® prxCla T3 K> TGA XD 210bp, 222bp.
prxCib TiZ 309bp. prxClc Tix 208bp THICH S AATAA BEFIVERICS 7T
AMELTEATWS LR L2, prxClb i 93bp X D42 EWHEFMOKR I E
LEFSEEL %,

@aRVERHEE
S5OoDT7A4YVF4LREFOI—RAKRD 2 R (EHHE * Table2-1 IZRL 7,
ARVDIXFHIZARIB TSP, EMBETFICBWC, 2 RYD3XFE
BEARFERETIE. A, TH2L, BEFERTIE. G, CHIVEWVSIRESED
3727 FHEREUTER, XFRETHH. ToHEMICHE>TWE,
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Cla
C1b
Clc

C3

Cla
Clb
Clc
c2
C3

Cla
C1b
Clc
c2
Cc3

Cla
C1b
Clc
c2
Cc3

Cla
Clb
c2
C3

Cla
Clb

C3

60

TGAGCATAGTCGACGCCATATGTGGCTACCATAATATATATTAAAATBEATAANACGCTCT
TGAGAAAAGTTGAGTCAATATCTGGCTACCAGAGTACACGTTAAGATARATAAAGCGCTC
TGAGAAAAGTTGACTCAATATCTGGCTACCAGAGTATACGTTAAGATARATAAAGCGCTC
TGAAGAAATGACTTTCTCCTAATAATAAATGATCAATGTTATCTTTTTCTTTACTACTTT

- (EGATTATGTTGGGAATATGGTTATGTAACAAATCATAAAATGTGTGGGAACATGCATGTC

S 120
TAAGATGTTACTTGAGCATGAGAAGATCTCTATCGGTTGTGGAGTATCTGAGTAGCTCTT
TCAAGATGTTACTTGAGAAGGAGAAGATATTTATTGGTGTGTAGAGAGTATCTAAGTTGT
TCAAGATGTTACTTGAGAAGGAGAATATCTTTATTGGTGTGTAGTGTGTAGGGTATCTAA
CTTATTTCTTTTAGGTTATTTATATATCTTATTATATATAGCACAATACTAAAAATTATT
GACTARATAANAGCTCTCACGAGTTATGACTTGTGAGATTACAACTGAAAAAACCAAAGG

180
ATGTATTTCTGTTTGATTTTGGCTTTTGAAGACGTTTCCGACCTTCCGGTAATCGGTTTA
TCTCTGTTTTTATGTTTGAGTTGGCCTTTGAATGCGTTTCGTGAATCGGTCTAAACTTTT
GTTGTTCTCTIGTTTTTATGTTTGTGTTGGCCTTTGAATGCGTTTCGTGAATCGGTCTAAA
ATGAATAAAACAAATCCAATACATAAATTTAAATAACTCTGTTGACAGAAAAAAAATTAC
AAAGAAAAGATCAGATTTTGGATCCAAGTAAGGTGATGAGGAAGTCCTTGTAGTCTCCAG

240
AGCTTGTATGGATTTGGACGTTCTATACTRATAAAAATGACRATAAAAGAGATGTATTTG
ATGGGTTTGTGTGCTAGAGAGTATCTAAGTTGTTCTCTGTTTTTATGTTTGAGTTGGCCTT
CTTGTATGGGTTTGGACGTTCTATCCTAATAAAGATGATAARATAANATAAA!
TAACTCAACTAAAATTAAAGATCATATGGTTCAAAGTCAAAATTTAATATCATCATTTTC
AAACATCACCGATAATAGCGTTATCCATGCTTGAATTGTACATGTTGAAATACTCTCCTC

' . 300
Aé&ATAAGCAGATATATATATACGCAAAATTACAGCAAAAMEE:EEETTTAACGATAATT
TGAATGCGTTTCGTGAATCGGTCTAAACTTTTATGGGTTTGGACGTTCTATCCTGAATAA

ATTCTCATTTTATCCAACTCACCARATAAATCCGCTACACTCAATGTCATCAAGGAAAAT
TCACCTTCATCAAATCAATCTCTGCACGCGTCACAATTGCTCTCATCAACGAATCTTCAT

360
TCTGTAGATAAAACATACTCTGCTATGAGATTATTAAATTCATTATC

GATGACACEE:EEEAAGATGTTACTTGA%FAAATGTTATTTTACATTTCTCTTTTTCTAG

CTGTTCCAAAACCCTCAATCGAATCTCTTACAACCTGCCAAATRAATAAACACAAACTTGA

Fig.2-11. The 3'-noncoding regions of peroxidase isozyme genes.
Box denotes polyadenylation signals. Horizontal arrow shows

the directed repeats of prxClb. The poly(A) addition sites
are marked with vertical arrow.



Table 2-1. Codon usage for horseradish peroxidase genes.

Cla Clb Clc c2 Cc3 Cla Clb Cle Cc2 Cc3
TTT Phe 13 12 11 12 .9 TAT Tyr 2 2 2 1 0
TTC 10 10 9 8 14 TAC . 3 4 4 5 6
TTA Leu 5 4 . 4 3 0 TAA Ter - - - - -
TTG 11 9 7 9 7 TAG - - - - -
CTT Leu 12 14 12 15 15 CAT His 3 2 2 2 1
CTC 8 6 7 6 -5 CAC 3 3 .3 3 2
CTA 5 5 2 3 5 CAA Gln 11 12 13 9 10
CTG . 2 1 1 2 6 CAG 2 3 1 2 3
ATT Ile 8 6 4 4 9 AAT Asn 15 14 14 11 11
ATC 7 9 9 8 4 AAC 12 11 15 9 12
ATA 1 2 2 4 4 AAA Lys 6 7 5 18 5
ATG Met 7 5 5 7 -6 AAG . 0 2 2 4 0
GTT Val 7 10 10 6 9 GAT Asp 13 11 9 16 14
GTC 4 2 3 4 7 GAC 11 13 13 14 9
GTA 2 2 1 5 1 GAA Glu 1 1 2 1 3
GTG 9 9 10 6 6 GAG 7 8 7 5 4
TCT Ser 13 9 8 9 8 TGT Cys 7 6 5 6 3
TCC 2 4 3 5 3 TGC 3 3 3 2 7
TCA 6 5 5 9 4 TGA Ter 1 1 1 1 1
TCG 2 4 3 2 5 TGG Trp -1 2 1 1 2
CCT Pro 8 10 9 9 6 CGT Arg 5 5 5 4 6
CccC 3 4 4 1 2 CGC 0 0 0 1 2
CCA 7 5 5 6 10 CGA 1 2 5 2 2
CCG 0 0 0 1 3 CGG 2 0 1. 1 0
ACT Thr 10 8 6 6 10 AGT Ser 1 3 2 5 4
ACC 6 6 5 4 4 AGC 9 4 6 6 4
ACA 10 12 11 6 6 AGA Arg 10 7 6 9 9
ACG 2 2 1 2 3 AGG 3 6 5 2. 7
GCT Ala 7 8 9 10 15 GGT Gly 5 5 7 7 8
GCC 3 3 5 3 4 GGC 3 2 2 2 3
GCA 9 9 9 8 7 GGA 8 11 8 9 10
GCG 6 6 4 4 1 GGG 1 0 0 3 4

Data for prxCla, prxClb, prxC2, and prxC3 include overall

coding region, but lacked upstream of Met~? for prxClc.



Gy ruroiEsE

BELoHEMICELIITI b vid. 6T THE D, AT TRHLZ BT
HMEL R, SEOVAXL Y —¥REFHS ¥ POy L 2NN TIEL >
72 (Fig.2-12), 4 b Y DRATF4 v 7BHBICHRTIHRSEDLNTE Y,
BicA v baro STHOBHMPU 1SIRNALEERRBRL IOV HEENRBZ S
EREVFHALPRL>TER, HMRGTOA VPOV BETERTILHEEN
KOPpDArErFABET T HFRENT WS (Fig. 2-12) , 3'MEDL 5'H
DFEH, EharveryyRBEAOHEMIZHE > TWe, o, EHAHOU1ISHKRNA
DERIATRZABEOLOBHREINTWSE, [ ¥ XD UlSaIRNAT® D
5@l SEENE. Ao STREEKRT S (Fig.2-12) k. 4~7 BEP
BEXNEBRLAL.

6. SEONRNVAXF—ET AL VF 4 LrD—KHE
o7/ BEH

SEBORETHPLEMEINZ 7 I /BEMY Fig.2-13 ITRLAL, T4V FA
ACla 8 Welinder DG L7 A4 VHFA LC Z—KTHH2 NRKBRUCK
Wicth#Fh 30BE. BRENIXAINIRTF R (LT, N-RUC-ZXX b+
FRT7FRERR) BEELTNWL, T4 YVFALL Clb, Cle, C2. R C3 %
Cla LHEBLT, WFhoy o N78L Cla LRI, NRBERUCKETT
DRy VIFBIBERELTRAERELEIL, FREVMTEIRAERED
NABICHETIZ/AY IVRELD, LRiid U30BE CABoLY VR
ELDTHRIEE B-15BREPSLZBIIXXPIRTFRPEFEEL. BRRICTD
IV IBRBINVBRBBERNAXF YL RE LB REINT,
BEXINSRBEERIT. Cla, Clb, Cle, C2 T 3087 I /BRERE. 3 T
307 BEH, LRSS, MELREBEGELEBLWOHPDT I VEBRESRFIN
TwWiz, BB, YAV T7 4 K (5-5) BAEBRT 82D X744 Y RE (Cys
1, 43, 48, 91. 97, 177, 209. 301), \AREMTELEbhTWS Hisl70,
ANLRUBBILAKBLERLTWS Hisdd, Arg38. FEEEORERZEFELT
5 Argl83, Tyr185" M HBRLICH|FEINRTWR, E Lz, B X F ¥ VHislT0,
EMERXFY Y Hisll0 BAA7 I /VBREINGISREFEINRTWL, 2R 74
VHFAL C THLPEL >IEEAPTMLTWE TANI X RELZOVTIH.
— B Eb T2 N-glycosylation signal ( Asn-Xaa-Ser/Thr ) {Zf» T
Wz2® 74 VFAL ATIEE D N-glycosylation signaldpNEHRT7 A VF
ALC LIZBRL>TNRLEIALHIN. ZRICRFEINRTW o7,
INLHSBDOTAYVFA LRDT I /BEMLRAVTOMBEM®IL. Fig.2-9



R$ XS Cla, Clb, Clc BITIE 90% DLET. #iZ Clb, Clc i3 94% TH 5745,
C2 4 Cla, Clb, Clc & T71-80% THEBE Clc {ZHEWH, C3 ZI D3 DEEHE
HHBEL TIX Lo, 27 C2 & 3 IZRLES 64% UL, &
DHBEHZEERIIL NNV EDTORELET LT,

QNAKBRUFCKBILX AP IRTF K

NKRERICOWCIE (Fig.2-14) . T4 YFLAC THRESNTVINKET
SUBRENECOILY I VBT, TRICHET ORIV I THEIL
BEHLPIZL -7, FDINIIVONKBOBRER T IV THY., ZOT T
Z-INE I DOEMBZLETHOBETREFESINRTSE Y prxCla P74 V¥4
Lb Cla LRARIKCTDLy Y Y7 2R T2 LDEEILNSE, N-ZXZX LI
TFROMEIZ. BAETS /BE2ZE&A. T4V FA{ACa, Clb, C2 TR
EBTI/BLLTERF YV R2FLTW:, COBASETI /BREA EE
HT7TI/BLEETIEWIHERL. MBABEREASETZS 7 FARTF R
BEOTHD., CON-ZXXNIRTFRPLV I TARTFRBDOFHEEZL TN
2rEzohs, L, 74 VF4 LB BEFDIFAFSRTF RO
SEE#T7TI/BEEHLY. MOBELEBELIBELTEL TV WERELND S,
LIATINIFAPIRTFRIZT I/ BEER -0 Z2HB oY YRUEXL
AZVRBREFZVWE, DT ELEHMBANRERLCLASPORKREZFS2OLLA
niewn, '

CHRBMIcDOWTIE (Fig. 2-13). Cla. Clb, Clc i3 ZNEAFEBICRESH
T8 Cla LARE7O2y Sy 72T LFEILNIH,. (2. C3 I2WT
I A EHEMESN LW, N-ZHFAPIRT7FF REARICHAET S /BE. &
EHE7 I B IS Cla. Clb, Clc TREXFTV Y, C2 TIRYY Y, 3 TRT
WXy BEELTWE,

Q@73 /BHEK

RNVIXRLT—ETAVFALDHPUINERABICHYTIETDTI /B
#R % Table2-2 Z5RL 7, Cla, Clb, Cle MTII LSBT WEH, C2 TRV Y
YREN 20 HT (Claix o @) . TANTIXUEREN 28(F (Cla it 21 @)
ERESRL-TEN, 24t LTRERT I /BRBREDF ISV, ZHZ LR
5 C2 BRERTAVYFALTHLTHRESDS.

OEMBERNNL T X L5 — ¥ L DILE |
B, FRT70 . Ve H4EDLVBRBAAARL Y- ¥R 0207



NEOBERERU T I /BEAMPBREEINTWS, TI/BEMNDAFHL P
RERTVWBATRAAXRIY—EFL M. BLEVWHEESFGLAE LK
Yy TEANTHEHEVIERMAZF LY —ETAVYFALALC (Cla) LHEELL
(Fig.2-15) .

B EXF Yy HislT0 RURNE X+ Y Hisd2 OFABRIMDOAIETTL
<. MOEM. T Val95-Alal05, Ala280-Arg298 M BESIATWAR, L
L. Leul92-A12217 DEDEBIIKES BL>TWwWiz, 2RVIANT « KEE
PHRTE282DIAFA VEEHNBZARNUBICREI ATV, TI/RE
BAOLENZEREIEIL 36-50% THo72. T/, 3087 SV BREON NBRE
BADDRV AR Y —EDNETRALTH 12,

OMDEPRHEKDORILAF ST —E L DK

BiaEme -2 BESY S tOonTLERONRNVAX LT —EH2
-y 73R, FOT I /BEAFEILRTWS, EORTALFTFEEIS
FHRETBIRVFXS Y —EIZOVWT, NARRMTIEZFZ 6N BERFV Y
BREADOBEMZHEL - (Fig. 2-16) , ABE ™ B FBacillus stearothermo-
philus® IRV AX L F—L¥iZ. NAEFTEIIEPRALPIZINT WY,
E2FCBRRELTWEDE D PRBRLFRCHLPTIELWY, £ THEEK
WESBPERZELTHERLA, Fig. 2-16 BEFE7VE LA XL F—+E(la
o Hisd2 RUF Hisl70 2HB L TERL, RADLEBTIZ. Dayhoff &HAHR
LTwa X3, (Ala,Gly), (Leu, Ile,Val,Met), (Phe, Tyr,Trp), (Asp,
Asn, Glu, Gln) , (Ser,Thr) #RLZA—7L L2, EBICEY (BEVT
. A7, #2183, Vo4 ®) BTEHERCISREIRTWL, BUELXF
Yy Hisd2 fHETIX. ZETHS H0: LHRT S Arg38 BLETHONIFT X
¥F—ETREINTWR, 2R, EHBITRFEINTWS Phedl BHEDY 7
SURAAF LY —ETRI2IAT I TH- 72N, RBREDRUCBFHRK
DLDTIRRY TR 77 THoR, BEERF I HislT0 HETIX. W -
BMAEMELICISBEERTWR, BBAEMHRHRORAL I XL F—EIZONWT
3. BULRF Y UHETIRERNEC LLEMES P> 2H, B XFV Y
FECIRERBCOLDEUESAD AL, LEALBEE7TERAA XLV —
CrekizBWTIHIL A YUV T 2,

mAW e R
EMBREIRETA VLI LERL, 357 7EFY VDR EDHRY
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-30 1 30
Cla MHFSSSSTLFTCITLIPLVCLILHASLSDA TPTFYDNSCPNVSNIVRDTIVNELRSDP

Clb SP -S W- TG AFY T 11
Clc M TN CII
c2 S LIKLGFLL L NV H||SS XT QFD AT XTA
C3 G PLISCSAMGA -S LQ NNUSD FRT SF . IGI D T
*  x 60 90
RIAASILRLHFHDCFVN CDASILLDNTTSFRTEKDAFGNANSARGFPVIDRMKAAVESA
T L L ™ I R
S vV I R
- R D T K
L S AP G TSL R
120 150
CPRTVSCADLLTIAAQQSVT GGPSWRVPLGRRDSLQAFLDLANANLPAPFFTLPQLKD
Vv
v N R S E A
K A KV K S RGM D GSS QU
V SI LS WP VE F TL S A X
* 180 * * 210
SFRNVGLNRSSDLVALIGGHTFGKNQCRFIMDRLYNFSNTGLPDPTLNTTYLQTLRGLCP
AAK DP QQ
A A P Q
K D P Q S X DKS S X
A AD P RA Q VTP NG _NR DP VQ A
» 240 270
LNGNLSALVDFDLRTPTIFDNKYYVNLEEQKGLIQSDQELFSSPNATDTIPLVRSFANST
Qv v K DG
R QV y K Y DG
R v K N DS AY DGQ
Q GIV N V¥V NT RQ T RNG TG - NLYSSN
300, 308 . 323
QTFFNAFVEAMDRMGNITPLTGTQGQIRLNCRVVNSNELLEDMVEVVDFVSSM
K N E I
N E I
GK D I LSS K E KPKIM V DTN A I
FA G D I IR E Q GMENDDG —— I

Fig.2-13. Amino acid sequences of 5 horseradish peroxidase
isozymes deduced from DNA sequence. Only the amino acid resi-
dues that vary from that of isozyme Cla are shown in the other
isozymes. Putative N- and C-termini are boxed, and vertical line
denotes the positions that correspond to intron placement in the
coding region. Asterisk denotes distal HIS170, proximal
HIS42, and other hypothetical functional residues (see text).
Cys residues are marked with closed circle. Putative N-gly-
cosylation site, - Asn~ Xaa- Ser/Thr, are underlined. Dash line
indicates gaps along the sequence.
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YNNI BIIEBICHUL L EBO I N 7EPLBRNLH>T WS, LTINS
NERBIEZIBEFLANEINAEL, ZERETFRLBENS, HEVYE
BIFARAN AR Y—EL30BHELDTA Y FALDPEETEIILDBTFAE
Z5MIEDREINTVWRY, DN RUSF /LBEFD/Q—V7ENEE
BEFERELTHEETIZIEVHLP L >/, BLETHRRL3ED DA
ﬁ%f%f/Aﬁﬁ?(ﬁ%ggﬁgﬁ%ﬁ?ﬁ&#ot)QMﬁL,éatz
BoODTA YV FA4 LBETF (prxC2, prxC3) 2WMABLL.  AFTSEONNV
ARV —CBETHEEVIECLEETEILAHLIPEL R, IDIB
prxC2. C3 {Z2WTid. prxCla, Clb, Clec rHRABENEWE LD 3'FEHREHAR
#70—7r LT, BEMBEL DHE LA poly(A)*RNA HIT prxC2. C3 {THIXK
TB2LEbNB wRNA 2 /FINATYF L E—S a EICIDBBLE (F—
2 REH) . £-oT prxC2. CUIBBEFTRLL. BREATRAL TS L
DEBbhsd, DA 70— 7 TIZID prxC2, C D7—rHBRLALR
S, BERICHWATO—T (3ner) LOBREAKE. FoHNLT/LBET
EHEBLTASZ E83% (29/35) . 80% (28/35) oot RiiEhLh -
RbDLEZOLNDE, TRYF/LEETFOIO—y7EBWTE. A2 Y—2
VIZRHWEZS—INA TYFLE—2 a VOFREVPEBRHIBELS (N TY
FA ¥~ a VEBEN 60C)., F/Ta—T7Cid prxCla @ cDNA DAREHW
ROTHOT A4 VI 4 LBREFRREY L P THRELH L. BE prxC3 &
prxCla DWHEBEFIL RNV (XY V) TOMEHEIL 63% T, 753—I2N4 7
YF¥LE—L arvD 7 TABRLBI-, 2R, SEFLNLSHOR
FZFLETT. RVAXVY—ED30BBELHIZERULZFAFTEZILE DML
BROBETHIH. P ELSHOREFPLELRLDOTHEILEI LN
3, RF22ZTIIEIBORNA XL F—ET A4 VFA{ LBEF( prxA, B, C )
HAESR2", AT TRABOTAVFL LDT I /BREASRESATY
2O = L LA TS LK ELABDOBRETHH B I LHRBIN TV,
cDNA BREFL Y/ LABEFOHERFNOKBR LY. HRPRBEFIEISEEL
39ND4 VPRV ERUADDIEFY VENDHBRENTWE I LFHLPICE»
2o 512, BAVIMOYIREFDORIEBELZ LY, SBOTAVFA L0
THE7I/BEFNONBIRTNTHEELTWE, Go SEANEZOCU L EEHN
IENZXY Ca—RENBRTFRERALA VDL LS N7 BRBELD
1ODBATHN. FORAL VARSI OV BPEETSLI L2 REL S,
HRPOTA VHF AL LAD—KBREICBWTLINTRALMERAS > by BHFE
TRIEDPLADDIXY UBEREFREAAL Y HEEEZRLTWS O LANY
W, BREEORTEELNS, LIATEENCMED 2O AR T —



YB{EFTAPL. TAP2 BB X hA8™, HRP® prxCla & prxClb & FHRIC,
TAPl. TAP2 i3 Fig. 2-17 IR LA X3 I Y FAICRATHFELL, ZhET
WL OPDT 4V F4 LBREFH 72—y 730TWaEHE, M7ERIVD
PLaA—AFE KX r—ERBETF AL, MHEINHEP R ZThBELRE
th, BARBEKICTI—REA, LAFLEDa-TIT7—E1RF2DHED
BrhFnBoRtitk, B1Rak w3 XS kRHznREHKIITI—KINT
WBZEHEW, RhrONRLAXT ¥ —ERET TAPL, TAP2 234 b r
H2oLd»%<. HRPOAL v 32HYT 3 LoHRIFTTwA (Fig. 2-17),
20D4 v rii7 I/ BEFMECHRPEBRALUBICH >/, Gilbert
Szl DB INTVWS " exon shuffling "B9?, FhizkhiZd > borid.
shuffling DB@BBETRGEFRZBTCTWLEREFBOIR - —R—F 7 NN
7B I—RLTWHROBB T, AHFORRIIEBBRP-TOHB. KA L
POEADLETHE ) ADRNPRID, AR—F =R bRy EV-2 TR
THEBPBREIANLEVWILOTHE, ZHX I LRI BER XTE BT
BOYTO—X_Y rBANEFT T —L (Rudbisco) M7 2=y FRITEAD S
n7z°Y, HRPO® prxC3 DS ¥/ L BEFHL Y3 A1 rharl
L2 HERBEFEICEY. DENZ L2F2ZabEgsE. FTHD TAPL TAP
2 TIXHRPOA Y Yy 3CHLETILONBMEL, ZXV 3 LIXV 4
BREELLLEZBZIELLTES,

SENTAYFA4 LBETFORERMNL VEMENLHRP S /N7 H Cla,
Clb. Cle. C2. C3 {Z#hF# 353, 351. 332, 347, 348 7I /BERETH 7.
Welinder OME L7 I/ BEFIC—KTS Cla {Tii. A7 -7 TR
BohIch b7 NKBIXAPIRT7F RN 30 TI/VBRELDILD,
CREMNABRENTXAINIRTFRLELIET Oy Y Y/ ERTRARY
YN BYi s T EMBHLDPICE o2, Clb, Cle i Cla LFEFICISEBLL
BEITRHLARICIZIAINIRIFEZHEL, AR V78305 L #H
TE3, 02,03 INKBIFRARIRTFRDOREHPRPRPEL > TWH, AR
leraxeiy7E8ndrE2R, CREBMRPLZVRLINDTIOLI VY I7ER
a0k, ELHICRALABTEIADHEVI ZLHFBEL LTRS, NK&
IXZFIRTZFRIBFDREY U3REZITLRLD, TLTHRTLIT S
JEMR (BEAYE. RIZEERTI/EB) LTAVYFALARTOZENIHLN
Lok, BEORBERICEREYFIZTWERLDLEEZLNS, FiBES
N?ﬁ%énuﬁiiyN?ﬁ@%Emmoufﬁﬁﬁummvu#ﬁc;<m
BEARTWE, FNELB L7 TFTARTFEHBPEEFLTWS, EHHOBEIIZ.
STFNRTFRIEOVWTORESNDH I DEATWEW, LIPL, TDHL7HI
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R7FRUHECPS Yy MRT7FREBEINRZERGCD_ENAREBERT S
DI BELNTF REEEL., Rubisco DpF T2y FOLOBLLSHESR
NnTwa, Rubisco pFT2w bDRI U Yy PRTFRIEOVWTIEZL D
HOTEZORBETHFEEINTHESHLPICEH, TOBESEBRMRES L
TWz2, FLT, ZYEORADIT VY y bR7F KT 1le-Thr-Ser &
BERPREREKICHELL. 70y 73ZF20CREBTH 2>, R)F
XY —EONKBLEAPIRTF R IDE I LRAMBEEL L >,
EZLDYTTARTFRRRGT Yy PRTFRIZALNB LS. ®YUVHB
WAL AZ w4 -0 E2HO7T I/ BOSERAE. HBoH &L
EBREBDOL I FTARTFREOBBEEDUTWIHA®KT I VB - HEH®T S
JBIEHTLL. Y YRAVAZVRELRERLCFS L T s baRL
W, RVAXL T —~CEOBETA VFALPMBBE/ECLY 7V &R Y
CRASELTWwWa tnbhTws, BFEVYECHEBERRPICRLVLLIX LV —¥F
HERERD SN /Y, Schloss LI NN HEMB T, BRI XV Y —
e—-HOBERENIX V- EHERE. BRI FUBIEHEEL, Z20—
BEEHICEREL TS EHELTWS®Y, so—r{Ld3nly N aBgErL
AXLY—LDT I /BENVBEETTEDHET A VFAL LC LHEMULTWY
o, BLHLIENKRERICIE 27 I /BEBRENDIXIZANIRTF KEEFEELL, &
DBERNVIX T —-Eid, BECRELTIEISINEILPLY 72 VAR
BAELTWBLEEZHNTED, NKBHOZIXIX N IRTF FHFERENDBE
DESILRBERICEELTWE LI THS, RENDLIHTEETTERLAX Y
F—EICRALTRALARRELNT WA WS, INI20fPLEZT, X
RIRTZFRBL T FARTFEROBEZ L. BERECHEEREEZEZITWS L
DEHEELTWS,
CREICZXRAPINTFRBFEETIEVWIHRERZRELITIB - KT
WaFr—2 (FNa) 2, RIFYIAFIFT—¥ (r2h) D, 925
( Thaumotococcus danielli)®®', 2V A FNUY YA (ZFFFZ2A) 99, 771
F (LX) 1LY REELE, YNIDB—TYRINVAF—¥, P bD
NRIFVIXAFFT—ERRYHF T I7F 20 )r—E¥ 1V IEINEKFBIZLIF AT
TFRA(V=F—=RT+EK) 2FHb, 2LHRBICLEET S22 378T. B
BIVERAMAXRL Y —ERINHEZULHBETH S LITHEKRE, Bulcke
Hik, BEBBENDS — I N AT —ERBRIZFEEL. CKBEOIXFAI SR
FRIBRIE7OEy Py 73N TWARILERELTEBD, ZDIXALSRY
FRPBRNDOREELCEFLTWA I L 2RBLAL2, 22, SBWEEIcS
WTIERIVAXRTY —LF 2 IN2B100 R jupinal BR U 2B O BER




¥8RADIUNIBOCKBRUORTFRKHPRETHIEHFRENLZ, DX
LR LHEETVFERNAXF VY —EDCEKRKBELF I IRTF RLAERARD
BEEICESLTWEEELZLh, NABIXAISIRTFRELHETEDNH
EHEESEINS,

I2R—Z Y Ik > THBLNLSBOTAVFALOT I /BENTHELL,
BREITERNAFVT—EIZ, NLZION2BL LTHREENICEI<SHRES
T3, FOEPLBLPICENTELALLBRNOD S Hisd2, HislT, ¥
27 1 KEAERRT 5800V 2T YRS, ERL L LERENH B Arg3s,
Argl83. Tyri85 % ¥iZ52D7 A4 VFAL ATINRTRFShT WL, LL.
BHEONMLBETANI XV BEOROMUBICIIZN -7, BETA VA
A (TAVFA LA LhETAVFALA(TAVYFALC) 3. FEEAHKRLD
HITLL, EEUBFEERUANLKICRDOIBFRUHR->L, ThHDBVWH—K
BEDBWILEZLIZBLPTHE. SBOTAVFALLD—KBEPLID
ELBVWEEBTEZWY., FZEB2DTAVFL L KBETRIAIES
CERIABFBEYLFRELBTHHAD . SBOTA Y FAL ARTHE
Leu26-Phe77. Ala90-Glnl06., ‘Ser161-Gly173\ Lys241-Pro254. 11€297-Ser306
NEBHPEBH IS BEINRTED, SSLHEFLRENICERLT I /BEE
DELBEEL T, RiZZ7a—rLdnlfiodmako X y—+
LHRE, BEIVVERLAXR LT —EC (Cla) #H#ICL T, BHIERFY Y
( Arg31-Thr58 ) & EHL b R F V> ( Aspl62-His171 ){FELIFMIZ, Val95-Alall5
RUS Ala280-Arg298 BB REFINTW, LHhrL, KELXRXSDHB L%
BOEOBRVERFEEL 2, EPETORARE Tablel-3 2RT X 5 2HE

Table 2-3. Homology among plant peroxidases.

TUP TOP POP _
49 50 36 HRP
47 48 TUP
317 TOP

TUP: turnip peroxidase, TOP: tobacco peroxidase
POP: potato peroxidase, HRP: horseradish peroxidase



leh-7, HERCEAT7EEE7TERT 7578 (Brassicaceae) (CE L.
S Ve 4 TixFT AR (Solanaceae) ICET S, 775N ARIZR
7% 23 (T#, Infraclass) TH2., L»L. TXRDINAFRLBOY v
A2ENL. RAUZHOATREBVIELHMLTWE Z L XEAHICH Rk
W, BEHEBLSNOKABE. B stearothermophilus, Bf. HE, HHWIHE
RDORVAFR S Y —EHR 70—V LEIRTNS, AED Caldariomyces fumago
DIZBOARMAR LY —CRALEBRULTWARER I X TS T 2
REMDIN I FA YRV AFL T —BIZ LV /Y AFA Y TH- 1210, B
( Saccharomyces cerevisiae) @%F?D—Ag&lvﬁ'%:‘/ﬁ'—ﬁ (CCP) i3
70— {LEhe® | ZORGHBERITLD. 200t XAFVVRESPANLRHA
B LTWh3e-40 37> 4 Y (Phanerochaete chrysosporium) gD Y 7=
VRVAXRV Y —LELALERDL, TOBRMIRRERAF VU BRASTEI LR
BTV kBE” R B. stearothermophilus® AISRDONRNA A X 7
—BREANLEFHRYIFERELTHES. BMEPHRONNAF L F—EEALICH
532322002+ ABBAMCOWTHELL, HMNE X+ (Hisl70).
FLOBEHREERFY Y (Hisd2) BRIV LIKREZIRTEY. \AHE
BYVNIBEEMODBESBEMT GEMERFY YY) BAOWMEDN S 2 <
ANLEBUSEIRPERK->TWBILPHEETES, —FH. BUELRF VU
BT, CCPOFEMERBIC Argd8, Trpsl FPEBELEHLTRLL TWEY,
Argd8 DT T Y AED H0: D 0-0 BEORABRICEELTWBE I EHRRST
BY, COTPIVXZVBEFZTORLVAZ LY —ETRFIRTWL,  F
Trp51 . compound I (ALK EEE{LARTRILEK SCBILINIE) TH
BEINBZIV—FCHNDOBRICBATIERL. CLABELLTY -5 A
DRERLCHEBEHELTWL''®, CCPrHRPOBERIEHAA A ZXLDE
WHEH AN, 2OHTLRIGABTAELL Y-SV ANDMEVPEBINT
Eiree, CCPo Trp5l ¥ HIIHRMZERBAEICLD Phe ZERT B L.
compound I HSEFMEE! (Trp51) IRHNTEERSFETL. TOXEMPHRP L
R TERT LS, KB KXY B. stearothermophilus DR TIIRF L
MBINU 777y BEZELTWEY, Y, EREROBRTIEI > =
TSy Thot. KDCCPOAEBTRIzZINTIZVET7Y—FT AN
PREATELRP-7219®, KBE B. stearothermophilus HRDEFRIL.
RVIXR LT —LERLIZL 2T —EFEREZEL. FTRLY SHLMEDANR
NFAXLF—¥ ($3F—4F) XDLREW®,  ZLTHRP:OMRARR
BIcE<, ZR2Y—SYNNDMEZICCPRTHILERTE S, T
YUy RVAXRL Y —FRRIGBBIIL SEBINTWELWY, 73 /BRES




DHEPMHELVHRPRTHR2LABTES, LirL, ZOBRZV 7V IER
BTHD. YN AX LY —LBIIY 72V EARICASLTWAEwbhTHY
22,28 ~HEMEEDRL ZBEOEERUSEML TWE I LIZHEIKREW,

BSW L3 5]

BEIVERRESORNAAX L —E T4V FALHFEET S, VA 70
— 2y ZTHBLNETA VTS ARETFIEER TR LR, £2THF /LR
EFEHEEL. NAXLY-—ERETFOHMEEHL,ICLL,

BT, BEVTUEEERL ) Seadk DA 2K L. SauwsAl TRIHE
#, R70—XABERNEBLONBET 9-20kbp DY A XBHF ZEMN L. AEMBL4%
RIZ—ELTHFEDY ) LABEFIATITV—ERLE., T4 VTS LC
22— K$3 DA 27u—T7iEVWC, SoBEru—vEFL, £70—
VOHBBEEHREEERL. BEEMEFRELL, DNA TH LN pSKL
PSK2 (CH% T3 5 ARETF prxCla, prxClb 27 0—CF BT EHTEL,
prxClb ¥ prxCla 3 OWTY Yy Falca—Ka3nhTwi, Ssifansy /A
BIEF (prxC2. prxC3) 2/ 2Z &M TEX, L L. pSK3 ICHET S prxCle
EOWTIELE*BAZ e HTELLo7, LLoBRIVBEHE7HEIRIIS
ZLELSBORVAXR LY —~ETA VA LBEFHFET LI EHFALHIC
ol, RVAXVY—EREFREDTAVFALL3IDD{rdbarkdD
DIXY b blER LTV, Avbarid, £x0REERLIVEE
BEFICHEAINTWRHABIETA VAL ABTRLZE -7, EDRVIHRL T
—EREFL 5 RARARCIITOE-F—EF TATA ZL T CAAT BEFINHF
L. B2 Ry ATC @ 3bp kB HRERET 2L VbR TWAIREANE
L2, 272 3EBRFARICIEW 2LDRY AL 70 AATAAA DPEFIEL.
BicBonTws DN LNZRLDAD I DHFREREZRLLLLOLED
N, 4 havid AGTHZD, (T TROEEWSI IVEALBEZ LTV,

P4 V¥4 ACla iF Welinder D7 A VHF A LC Le<BALHEEZLTWEH,
NKEBLIUCCEKRMIEA TR 30RE, BREPFPLRAZFAFINRTFF (N
~RUC-ZXRXPIRTFR) FEELL, 22 Clb, Cle IIBERMNET I/
BEAME LI Cla & 90%x DlEofFEEERLE. 74V F AL L0 C3 ik Cla
LIEERS, TI/BEALELIC. H 704 T, C2 & C3 ETIZN 60 L THA
K72, SBOTAVFAL LEIWTFRLIREY U N7HELTESKRS
. N- ,C-IZFRAIISRT7FEHFT7RLL Y7 TRIAPMRAERBEL LB EH#
Bgant, N-ZXRFIR7FRIEEAET S /7BFEZL. ILEBEET I/




BEaA HMBRABELCASTIL I/ TIARTFRONERED -, SHEHD
TAVYYFALETIE. NARBUTEILEDNTVEIRURUBENERFV Y
(Hisd2, Hisl70) 28U ZOAASFRKICISREIN, BEERICHSETS
Arg38, Argl8., Tyr185 LFEEL. AN T 41 FEEEBRTL825D 2574
YRBRELFELL, OBEBER (47, I3, e HLE) RATXI T —
rii, BREERLBIUVHELEELT7 I /VBREFREINTE Y, BOL
A 2AFY VEADIIERE. TLTHOARCLRESIRLHEARE D> 2. £k
7 I /BEFNOMEEEIE 36-50% Zof, B, BNEAFTVYEALNT I
JBEME. X277, BE. A EWERORNAXF Y -LETHEL .,
FENERFIAPRREDRNAFL Y —BLBWTLILREEIATWE, B
MEXFILIZONWTIEEBEEDL DR L SHEBLTWEHE, BEHBERNL
DEITITEAERPAET. Arg38. Hisd2 DAFRFI TN,



®B3E FHETVHERNAX Y Y —ERETOARBHEATORR
w1 WS

BREIHEDNRAAF ¥ —¥ (HRP) &, BRASFHREEANLEZR2, 2N
LAY YNZEE LT, BEZHRUDELZNC, FAELLBHAINTNS,
BERPARLS | ZOWBERNERALATWEY, EINIZBTHE
DICEATWENVWEITHS, bL, WESUNVERERICERTERET. £
LT, BEDLWI Y N7 BEHBUTENE, "VAX LY —EDRMELE
LD, 27 MELHEZERTIOREFRTDHS.

FETIE. DM RUF/Lza—r iRl AFLy—E¥REFESIY EH
DCHNL. KBETORBREKAL, &5, NRKBIFRXFSIRTFEN
— KT 2EHERELARALAF LY —ERETFEHRL, BWICKRREIXR
FSRT7FRDI— KT HHEMEBELLRAE S NI BEI—~FTHBET
FERLT. KBETREAIEL.

B2H EBRHERUFE

1. EHEK

AEBRTHWL ABEIZ. Escherichia coli TGl (K12 A (lac-pro) supE
thi hsdD5 [F’ traD36 proA*B* lacl® lacZAMI15])''®, JMI05 (A (lac-proAB)
thi rpsL endA sbcB15 hsdR4 [F’ proAB lacl® lacZAMI5 traD36])52’ & w7z,

2. HALLTIRIKRUT 7 —¥

BUBRNERRUEZEFREICNS 77—V npl8, mpl) ZHWNW,

R AFRL Y —CERIETFOMMZICIE pSKG1( Fig.3-1 ), pSKI( Fig. 1-7 ),
pUCO% Fvv. B pKK223-3 % Pharmacia X DAL THWRE,

3. FUYNVHEDERREY

Laenmli OFEN 2 IRV, RFVABEEFNY 7L (SDS) —RUTZ7UNLVT
IREVEREKB RS ->7. 8 512.5% OREORYTZ7IYNLT IKINE
AwWwWT. Biorad #E#R Y /X2 B <7 —#4— (phosphorylase([130, 000],
bovine serum albumin(75, 000], ovalbumin[50, 000], carbonic anhydrase
(39,000], soybean trpsin imhibitor[27,000], lysozyme[17,000]) % EH(CTL



T ZUNVBORTREBEELR., FoNX280RBIIARI—TYYT B
7’]1/—1.??&’) fs:o:

4. xR rITay T+ 7 RBERE

T RE TRy T4y 7 EREHRERIGIE Towbin HDFEHE TR -7,
SDS -RKYT2UNT I FFANEREFHREDINVERY S XD bk — X
v 75 (Trans-Blot,Bio-rad) 2 b5 X7 v —# (25mM Tris, 192eM Glycine,
pH8.3. 0.1% SDS. 15% methanol) HTREHLL, PIFI U RXT7 7y —HHBRTERE
30V (8% TZULTIRAL) & 40V (12.5% 72 YA T I KFIL) TH 404
BEBRLT. AT IVicy B EB LA, 2% BSA 24 TBS EHMA (50
mM Tris-HC1, pH8.0, 0.9% NaCl) T, 4C. M1IBEAFESI SLTX VT F
27y 2L, UHEHRRRINVAFL ¥ —EHtk (Cappel) £0.1% BSA 24
v TBS BEEPT. S/CT—HRRIGE ¢/, TBS MBERICID AT T 2155
B, ZRTREZSFLL. RERVAFVF—CRBLEPXERMNTTX 186 i
& (Cappel) & 0.1% BSA # &% TBS BEWP T 238/, 4CTRIBEEL,
TBS ME R THRITLLARICHEFLL, REIIMAME (K) OHRPREX v
rERAWTT Lo,

5. MUBRHERLE

HUFENERLABICHWSAY TILAF K (5 -CATGGAGTTAAGAGTTGG-3")
. ABIHDNAARRE Model 3814 2AHWTERL.

ZERMBZ. Amershamit ) Oligonucleotide-directed in vitro mutagenesis
system Ver.2 2\, ZoORBEBICH -, ZHOFHEIL. Eckstein SDHE
MO EEIWTWS, REAELLRIGHE 100l ZHWT, E coli T61 2BE
ELR, BLRRTI—2IN—FHEDNAZENL, SERMEFRETE
ElCEDWRBLE,

6. ZDMHORBRGERVHH

FRBRLBEEIEADFEHEBIC -7, VP50 DNA A OEIN, SEEEF
DRE. BEHERL B 1ERS2HICRLLCEYICT -7,



®m3Wm &R

1. BLE M AF VY —CRETOHRRLRH

BB K2 (ATG) 2RRAAFL T —ETAVFALC D cDMA & ¥
JABEFEHAEDETREED N AX Y —CREBETE Fig.3-1 DL 3
L/, prxCla & prxClh 370 FARET S 7 r—Y 70— XD, Bell
-Sph 1 BB ($92.2kbp) % pUCI8 2¥ 77— 7 L7 (pSKG1) , prxCla &
wlxxy>ron 5'@E 3@ Dral SMAIH 2 »HiFFET S, 5 D Dral AL
3. BIREEI K2 (ATG) @ 4bp LikicH 5. pSKGL % Dral THMEL. 1
IxY &t Dral ¥ (300bp) 2ERL. B35 B1ZXV AHCHD
SplI THEE L, ATG % &% Dral-Spl I Bijfr (144bp) 2 HML 7, —A.
cDNA DFITiE. Spl I UM 24 Fidb0H, 23, BRELETRY (TGA) D
6bp TR Sal I THAH#. Spll CTHAHML. Sell-Sal I Bfl 24872, pUCY
. p0C YU —ZXDHT, RNF O RO EcoR I HME Smal AN
BARLAL. BROBICEE L %2 ATG £ SD BFOBMZ2ETEILHNTE
5, 2T, R7F—(2i3 pUCY % Smal,Sall THMLTHWR, pUCY &5
L5 Dral -Spl 1M, cDNAL DD SplI-Sal IBAD322@FHELT. 5
RN AF LY —CREFE2EC7IRIREMELL (pUC-PERL) . Th %,
KBE THORHAN 2 ¥ — pKK223-3 L #E Lz, 27, pUC-PERl1 DRAF X ¥
—CREFOFBICHEIN 7Y —dHHKD EcoRl , Hindll THEL. EcoRI RV,
HindM 488 L 72 pKK223-3 & ##5L 22 (pKK-PER1) (Fig.3-2), ZDT7IFRX I
RTik. RAVA XL ¥ —ERETH tac 70E—F—THRIZHD. SO EFL
ATG DRENZ 16bpT. IPTC THAEREHTE, S5 KALBEEH<RIL
YR DI —~I A =% — (rral) EWIHBEICL>TW3S, PKK-PERL %
E coli JMI05 ([CH@A L. IPTC TEEHFBELIR, LbL. AAFFLY—
CEHELRETEF, o2, 7228y 7ay T4y 7HBOGRAKRIGE B
NWTLRNVAX ST —EP N7 BERETE Lo, £IT. ZHONIAX
VY~ ERETFE pEK223-3 X DA RS 20 FSVWETTHROREIIRAL
o pKP1500 (AWM AHAHKFEI DL ) (CHALTL, T/, RNase REHK' 'S,
RiX. ABERAAFL Y —¥ I RBE PV CEALTLER7FE VAR Y
F—CERERE NI BERETE DT,

Prnkdic. NRKBERUCKRBICIXFA NIRRT F REFOWMBEHEELF
XY —CEABELTAVWCEET LB TE LD,
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peroxidase

PKK-PER1

-35 -10

TETTGACAATTAATCATCGGCTCGTATAATGIGTG

GAATTGTGAGCGGATAACAATTTCACACAGGAAAC
S.D.
AGAATTCCCAAAAARATG]

EcoRI

Fig.3-2. Structure of pKK-PER1l, peroxidase Cla expression vector.
pKK-PER1 contains the gene (perla) for peroxidase with N- and
C- extrapeptides. Ptac and rrn T indicate tac promoter and
ribosomal RNA terminator. 5' flanking region is also shown.



2. NRBIZXAFIRTZFREERSARNVAXF VY~ RBETFOHBL BH
EMk L DBEIATHAVWSRTWETA VFAL ALC 2. RBEI SO NIET
H3. #ZT. NABBIUCKBREETIIXIAPIRTFRICHYTSH
NERGTFHBIBECIIBRETZIZIEILL, 2OB1IBBE LT, NXK%
IXAFSIRTFREBRELS, Welinder OWMELLBRBTA VFAALC D
NEKBIZECR VY IVBRT, BERFMIDZLS IV BERICHYETS, 20
NG ILDRIICIE. BROLHDEIET K Y (ATG) FLZETHS. Ll
SO ICIIE S L HBRBEF AL W=D, 72 I En18, IEEHEHONY
v, PAVXZVICHYT 2 EERH FicEETS Spl1 | (Fig.3-3) 2HW,
TN IrPoNY YOEOT7 I /BENZBIL LS. AVYITXIVAFE
¥ARL, ARLIEAVIXIIZLAFRIE, Fig 34 ZRT LI 59 X7V
AFRPLRD. BERPMOBALES L OBIT. =RNA B2 XRHEEX L 540
EIIRBELA, 6. 2R yORRR. KBHEO R EHEE DT>
7o, 2, R % — pKK223-3 @ EcoRI MM L FERTER LS. Bka kY
ATG D3 <HIIZ EcoRI DREBRFEHEN L HRELL, 2 FOFVIX IV FFRE
T4 FFr—€¥TYVBL, 72—Y 7 59mer 5K 25 EcoRI-Spl I Bk
2187, T OBA L pKK-PER1 (Fig.3-2 BR) »S5BHIDRILA XL ¥ —¥ R
EF2FHEML 7> Spl I-HindHEFA %, pUCIS ET—EHEEL., 20%, X2 5—
pKK223-3 @ tac 7’OE®—F —THICEW/: (pKK-PER4) (Fig.3-5) ., %)}
pKK-PER4 % E.coli JMI05 (CA L. IPTG CTHEZFEL -, ABEMEHE TR
23, RNV AXR LY —CEREROBLIEHNTE Lo, UL, IPTGTEE
AELLCHEKE SIS 2ACHRIARFERTTEAL., SS-KRUYTZ2UNT IR
FNVEBREBTHESR. S N7BEREEZTOIL. TI/BREMIDEEIND
HFR (35,766) LIBBRALMEBIIRNAXR LY —LLERbREZI NI HEE.
IPTG THBEBREL ARV A XL Y —ERETRFHICOZME TEL (Fig. 3-6),
Eolc, THZNR2EIE SIS-RUT2Z2UNT I RAVERKS THER. 7
T RZrTay T4 r7ETN. REHCHANRL L, HESINTFRERD.
LPLREEOHZ I N2B%, IPIC THEL- ALY —ERETFRE
BicoAMETEL (Fig.3-6)., DlENZEED, NABIXZXFIRT7FEER
KRNVIFL¥—X¥iZ, KBEATEETZ LA TELLHLL, —RHOC
EBEMORGEFERKBENTHRHAZI TS L. inclusion body #ED. EWER
FEREEZRELZVWIENZW, HRP OBELEI TR LWHAEHEZ, RILAXY
Y- CPREFEHFELERBEELIPIC TEERMSG. MHZEMBTHEL L.
BEFRBEOAIC. MBACERROMEZADL (Fig.3-7), 4. RV
KoMBLED LA (F—2KRER) .
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FIT. RVAXVY—CRETRBARVCERFE L IPTC THEL, HE
L-Bh*BEHEABICIIERL., HBLOHNE (10,000rps, 105, 0C) &
IDUBES L LBABHCHALL.  FESHE SDS-FUTZ7YLT IR N
BRESICL VSR, FUNIZERBRUGERGTRIELALEIAS. WTh
LARLVAXL Y —CRETFREFORBEANICOA, RAAXTT—EF N7
HBEMHTE (Fig. 3-8),

PENZE XD, NERBIXFAPIRTZFRERIRAVAXRS I KB
EATHELLN, BEEEIEL L, inclusion body & L TAHEAERNENCHEL
TWa I EBRALPICL T,

3. REERNAFL Y —ENHBL RA

NKBILE 2 FIRTF REKRLVHE, CREZFARIRTFREFON
NAXL ¥ —+ (pKK-PER4) 2 ABEATEET 2 I EHFTER, RAELA
XL —EEBILOIE. CRBIXANIRTF KE Fig.3-9 2FT X5
BB RMERBAECE DBV, pKK-PERL X » Sphi-Sal THRA 2 FML.
M13 mpl8 @ Sphl,Sal 1 &H{ILE#ELA, ZOMEBI T r—L X D—FHE DA
+EB L. pKK-PERI o Sphl-Sal IMiE A7 O0—=v 78R TWB I L REL
7. 309 BEOOA L yDARY CTA 2R ETI Ry TAA (BT 5 18mer DA
YIX 2L AF K (5 -CATGGAGTTAAGAGTTGG-3") 2 FAWT. BUBERNETREE
PRh o7, BERFIZANCERZREGZ. —A#77—Y DN £ HNL.
Sph1 J&tF Sall THMLT. Sphl-Sal I MK 2EM LA, —F. NRBL¥
RARIRTFRERELLZAN AR F—ERET (pKK-PER4) X D, NEREHH
50> EcoRT-Sph1 M 2HMLL, ZD2-o0KS 2 HEARY ¥ — pkK223-3 &
HBL, RBERLIXLF—ERETFEED pKK-PERS (Fig. 3-9) % 87,
pKK-PERS % E. coli JMI05 #RiC#®A L., IPTG TAEZHZXL 2, pKK-PER4 D
Ba AR, ABEHMEEDRICIR. ARy —EERRBOLRL AT,
w&%v770w75¥¥w£ﬁ%§&\9?”7@%@Ltﬁ@?ﬁ‘7s/
BES, SHETSNBEHTR (34,003) HET. MONES YNV BREELBT
Bz, HRICRATELP RN, T2RFY Ty T 47, RBERIGTRHE
Lk ond BESTFREFORERODE SO N7EERE LA (Fig 3-10).
ZLT. 20PN BECKBIX AN IRTF REROAARLF—&
(pKK-PER4) Db, ITFXFSR7FKI5 BENBESI RS HFR 1, 700)
iAotz 2. ABECEESRARAEL ALy —¥h, Rtk
BHICHEELR Fig. 3-11).
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AW FE

RVIXL Y —EREFERLZRED DN 2 70— I/ TELP2TRDT,
YILBETEMAELELILEZEID. AV aryERFLLTWEELNILVTX
VY —-CREFEERLL. ChEBAWC, ABATHRGRE L AXS ¥
NDERERAL, LbrL., MEHEEICEBEFEEIZOLAT. 2. REK
BRES>TLHMRBIONZ2BERETE o7, ERLAENAMAFL F—EHR
ETCMBLED I ANELSRLN, AAFL Y —ERBEFETDFA VAR
EFOCKEMICHAIE 'Y BABRTRBRENY T, Ig6 #52I12XB7T7 4
ZF4=—70R bS53 —THEETRL. BEONTROGHNLHBESNS
HFREBOBMEI N IVBXADLIEBTEL (F—-FKREBE)., ZDHZE
0. NAAF Y —CRETREEEZLZL., 22 MESIINI7BLETHER
BTE&s2rdbhok. —BRUCABETEES O N7EZYEISRHAIY
2Haic. BELZEFBWL22H 5. Tho2RELIFITRE, BRR7 97—
(-8 RNIZI7—REER) . HEIVEE (TYux—%— ¥—3I4%—7%
—%¥) . BE% nRMA, $ROLVWEHR (nRNA 0 2RWE. SD BFI. I K&
AHEE). FLIBREDOEEE (FoF7—ENDH . inclusion body D
RxE) BEFLNE, LIArLSEDHE, 6iREENAFLF—E2I—F
THREFELN. NKBHALEFRAFIRTFK (N-ZXAFIRTFK) B
EL7BHACIE. ABETEERS I ILATER, OB ¥ 2073 /8
RECHYTZ2EERMNOS b0 SEXEABE IRV HESELELERL
2. LPL. 309REDSI BN SBRETABEFLISAWSZ I RICBRILAET
T, CHRPETRFRBARPELCMTIELEZ KW, TBE, 2R EABAER
ABHEOLDERLBIZLPLPDLLY, TLXDa-TIFT—E128) ¥4 XD/
Yoy W ohoEMOY 7o —2"Y yBALEXL T —+& (Rubisco)
DING T2y P2OLYDI U NIBBREEINTWS, F4 XD 7Y
DJ/E. VI FNARTFEPEMLLTRE S N2 BIEIABRETEETE LD
SRHB. RMBOZYZV3EEERL, NVAXRL Y —¥HETHL, N-T
FZNIRTFRPFEETIE. ABETOLEYRLETSE 20 LAL
W, ThRIZ2ODTMHEESE. FLTEESI AL mRNA LR, ZLTHEHRSAL
SN BLRIVPEZ NS, BRIV RI2BIZOVWTIE, N-ZF% X b
GRT7FREFPBEETHILT. BRENTCABAGETENORBEANTOLEK
PETSES, RIZ. EELLCABEERBICELE L L W) WTHRELN S, £EF
FRELITTLHARREITWLOT, BETRLXEZITH S, BEFEHD
i, KB@Eo7aF7—-EXEH. A lokEZANWS I THRRLL



BELD B2, RAXFUY—EE, \LE2HROFHEELTEULY. ABE
THEEINLHECIE. ANLHFSIZPIRBZATETEERLOLL LY
W, FRrZOQLRNLVFFIY ¥ (CCP )3 Fh70AhP-450122 ¥R
AKBETEEINTWS, ABHATERERLCCPIE. BL0X BALEHOD
AT, BND 90X EIANLZRERBLTWENRLPHIDST, BEICHFELTWS,
ERHRPIIBEI O NIBTHEDT, KBETEESUABEICHEHAL LT
ZEHEER RSP LLALW, BEINRA nRNA OW T, N-Z XX RN
T+ REEI—KTEMED aRNA BRAEETHBIOLT W, Rid. 2KBEE
ENHRYBETZILSELLNS, EDOTHESEELF L TAL, Fig.3-12
RTEIR. N-ZXXPIRTF RBRETSHEIE. AG= -21.7 keal/mol %#D
2RWEZ LD, BRELZBEICIE. AG=-3.3 kcal/mol DHEDL DHFFRAT
72, mRNA D 2RXRWHEICIVBRFARESIBEZINBZ LW HAFE<HD. H
RE . 7 AYIS—T7 20 Z2ABRATRRILLBEICIE. AG D +1.2 keal
/mol D5 -6.6 kcal/mol Nk 8.8 kecal/mol kT2 kickn. RERENIH
FRUZ123, lac AR UDFEICIE S'KEL D aRNA BHES R TW &
EINTWEH12Y | aRNA DEEHICOWTIRSE AR -7, L L, §E
HBRAVAXL IV —CRETFEHD., £EFEZLTLXKBELD oRN 2HY
Lo /J=FINATYTAE=2 ay THRELRVERANRNLELIASA, —BIITE
SRTWED, BLALEDLDBEELKRESD sRNA BPHEEL WL (F—7
—REBR) . N

WFROBETHL, RABERLVFX LY —ERETHHICASZEESD -
DTRLTWEEZLDE, Z¥%L, N-ZXRXPIRTFREBWERLAFL S —
¥R, KBETRALL»STH 5.

N-ZXZAPIRTF RERVWCIRVAZF L —ERRARRN AR —EE
ABETEES LRI LERWLE, Lirk, WFhoBHaTL, FERES L
LTHEELL., —BOCEBREDORGTERBZMBTRIASIEL L, inclu-
sion body Z ¥ DABME N L LTEHINLZ EHEFW'2Y, Ll PR
EFEXABETRASECL, BRE®ELBO LA LOLWOPH B, 24
XNa-7T3I7—€'12, r7EQAVDINIFAL DI AT 2 5—E"127 7
EThar, 2. ABEEBFORETFEABETEAMEESETL, inclusion
body¥ BR$ 2120 T b, BRETFORELNL, CLABREMBFOLE
HERICLZ2LDTHA5. HRPDHE, S8BOHLXTFA Y RESEDHD. 42
DYANT 4+ FREESEBRL T3, Shoemaker 5it. inclusion body DB
RFECANT 4 REEPEETHEERMEL TR 129N, v 271 VERES
BLLTWER7OXRL U TLBRENG OIS, £TFTLLIATA VR
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ENFEICXBLDOTIZRW, inclusion body HENDHKITEN TWB A,

Taylor 5i%. inclusion body {ZIZ 2 00BRMEI N, 7UXEL VOBHEILT
VIR EEE, v-A4rI—7zarDHRERPRHALEEETILAKTHS
JEERLTWSI3D | ELCEIETIE. inclusion body IZELIZZ +—IL T«
YITELPHRI NI BPLTIIRL. BARNET+—NVT 4 7 LLKH
THRKFZAELTEL I LDOTHELFZ LN TSP, inclusion body &
Holed NI BENBLLERARSES L. S<OBAMRERELEZEES
BB TES, IL-2 RETHEL—BBZHWSNTWRIER/ 72 TH
BL., BLLE-BRE/VIFAVRTERRTEHE DT, RVFF &5 —
ZleBWTLHEAL, LL, I Z<ERRHPESZ T, ToltHic, 1 Ero
THOTRY YISVBADANLDBALRIAL -7 (F—FRER) . NET
TQEYDBHE. THOFETALER DI N IEZBHRTEL., 6. BHER
FHEOBI L bz, FoOFEREL LT inclusion body 3 BREFTICRHAS LS
FEZERLTWRLTREB X 5%, #HENFETIE. KBE T inclusion
body L LT ULpEESA L2 N2 8P, BERTUHERRTEETSED
Trbhriy, . KBETCOLERELXETIESI LTI, EHRED
SUNIBEELBLIIENTELLOW|ELH S Y, Ihbid. KBETHE
BBDS VNI BEEETILOOEYLFHRNIE X2 LDERbNS. £L T,
ABEBHICBWIERREOR LA XL Y —ENERRZRITRIE. T4 VFA
LADBANLWN, B—BT, »POREOLWIINIBEBBLNDL I LICLD.
HRHEORK. REIBRELZNLHELTEOTVWITEILNLIELTWS, 256
2. RAAXRLF—ETAVFA L AL C T BRASRLBETTIE%LL.
MERGRERNCLEESEREOEP S LRBVWHALNS P DT, KBHECH
BTAES Y REFERDP IR SOBEOBRALCBNILZREBLLZETHASI.

Bmomw B

70— LR AR LY - CREFERABATRIASE LI LHFTERIE
BELLL. LIPb, PAVFLLDLWE—BORV IR F—EF 7R
¥BEILNTES, FLT, BBELZENCL, HEMERTNICLARTSC
LHAHYRFTE B,

ZHETIE. 27 DN BEFRUY/LABETFINEEL N AL F—F
BEFEHBLE, COBEFIZ. NRKRUCKIRIZXAMIRTFRKEFHFOM
BERAA XXy —~EE2a—-FKT5, KXBETORHANZ ¥ — pKK123-3 D



tac 7OE—F—OTRHICERE LA (pKK-PER1) . Z#h % E. coli JMIOS (3

AL, REZHFRL D "N AX LY —EoEfLI N7 BLRETEL D
s, AYTXIIZLAFREAVTY UV A—2ERL, N-ZX AP IRTFK
FBRELR, 2, BBREAAAXFIY—-EONEKRIN G IV REDHIC.
BFREBEIR Y ATG 2fmL7. h#%, BB F— pKK223-3 ICHAL
(pKK-PER4) . A ELXHBELL, N-ZXXPIRTFEERHLLVWRILAFS
¥ YNNI BPREEINRI LR, SIS-RYTIZ2UYNTIRIANVETDY
No2BRBICED, 2. VxR TOy T4 BORERBICIVRBEAL
7o LpL, BHEBRETEL P2, 8612 £EFHLLKBETE. HEM
STHAT L L inclusion body BTN B3 I3 LBENROVLOXTBETE, K
BEHEEREBICRABEESE LTHFELL,

BRI, AVIX 7L AFRZAVWCEUSENERBEIILI D RBREX
NAXRV Y —E¥EI—RTHLRETOCKBMIEHELIR ZEAL, C-IZFX
FIRTFEEBRELT., RABERIAFLF—¥2 - RTI2RBETFEMEL
7o, ik, BN 29— pKK223-3 {2#E&5 L (pKK-PERS) | E. coli JM105 {2
WALAEESFUZ L, BREELZZOORLh LM SDS-RYTZYUNT S
RENETEZ U NRI7BREIZED. ZLT 72 X¥ Ty T4 Y TRDOBE
WERICLNIVNIBPEEIN TR E2BALL, RAESIUNIHLK
BEATIE. pKE-PER4 RIBRICABHEE S E L THEFEEL TV,



553 5

BETVIERVAF LY —EBRES I VBRI TEL LTALGFERINL
2NV BE LTRBLLZNICIKHRSINRTWS, 22, AE7FENLEX
VY —CRBERRERBEL CCERAIRTWS, —HFAERZHICEDMEBERATY
RAAXR VY —EORBBERER TV, @RV I XL Y —ER3BALTA
VFLLEZHEL., FARZSLALINVBETFEORBMAE LT I, H{EPREI
S TAYVFA LDEHHFBRREINTEL, VIERTEL VIS - LBEFH
BZEHDY, BREEPOSFICHEINTETWS, £LT. ZOEKREELXD
YR BOBERIIRAADBRBORHFNEELHRAFRELE LTHVWLATY
3, BETFHHRZZHAWCERBERS N7 BEDEESRINERDTWS,

ERRTIE. AEVTENAFL Y —EOMELEBL. MAEDMTORRZ
RAZ 17 BIZHARZEDTTLDIZ DN 70—V 7R LR
BEFDI/O—Z 7% . TORR. BEVVEEEMRI D 3IBONIL
AXL Y —F cDNA 70— %8Bk, 20 DN 70—V IICHET S5/ A8E
FLAMzE 12D 220D 5 ) ABREBEFERUEHS2DOTA YT A LARBETFE
BBl FoOBEOBRWNEZAL-%. ZELT TAVFAL05bD12%KE
BTRBEELIENTERL, ZITHONTHRIIRNDLDICHRE - FRZh
5,

BW1ETIE. BREVYEEEMARLOIRALAZRSY—ET A VF A LC DcDNA
DIN—2y I EFk-7, BEVTEEEMBLOHFARLAKY ARV 2/
NTHSTESS%D DA FATFY—RERLE, ALCEMTEERFY
VERERIORESNLHEREZLERLTAYIXIIVAFRETZR—T L L,
22—y ZEFWSHOBHR I n—v 2 AL, HIBBEEHMEZERLT. 3
DD N—TICHT. BEEFMEPRELR:., ZTOFR. pSKL. pSK2, pSK3 /3
HORNFTFLF—+H cDNA 70— %87, pSK1 o) cDNA SBEEF X DitE
N7 I BESIZ. Welinder D74 VYFA LC LEZALTH»LH. N
KEBRUCKEBRICZIF AN IRTIFRBEET L EHHEALLE, TAVFA
LC IXHTBE Y N2 BELTARER, BIXARIRTIFRBTRES V7
PZITCRRBL L BATF v 7HRBEINIA, pSK2, pSK3 X DHEESINST S
JBERFNE. TAVYFALC LRBLRPEBIEMLLENEFELTEY. H
DTAYFL LBIEFEHBLLE, WFhorzo—YLBRAKIF 2R
VA 72— Th-72, 3 FEBRFRICITR U MIMS 7V AATAAA BEFEEL
'tb\f:.

W2ETIE. cDNA THLNLHEFEEDTRAIIX VY —ERETFHRELHE



BT ELRUMDTAYFA LDBEETZHEELH D, 5/ LBETD
IO—Z Vv Rk, BEHEVVEERMEML O RAK DA 2HAKNLL S
J LDNA % EcoRI THMBLT. pSKl O cDNA BABIE ENA TV FAL XTBH
AkbpEAIA DMK ¥ EIRL., 75 AZ K pUCI8 2RI Z—ICHWTIIA T T YU —
R L. pSK3 O cDNA ICHYT 25/ LABET pexCle 2/, HAWLE
ER%@%%,%11#vyu@3f%14y%ny;0TﬁL#$m?§&#
57, Sau3Al TEHHML. AIMBLY 2RI —IZAWTCHF /L2AREFIFAT
FY— %R LI, pSKL @ cDNA BAMKF:270—7LLTRAZ7Y—=7L
R SEoBEIr - EEL, FIRBERMEEERL. BERENZAREL
7z, ZOREHE. pSKl L pSK2 ICH YT 545/ LABETIS. prxClb. prxCla DM
FTYUrFhlzA TR, S50, prxCla, Clb. Cle LIERLBHMD2DOD
TAYVFAS LBET prxCQ. prxC3 2HETII LA TEL, SHEHOBEFIIW
FNL3IDDA POV ELDONDIFY VLI DRIBEZLTWE, 14D
Vid, Y74 VFALLBERAGFRBWILALNERFAIATWE, 49
DY LBETD S EBRARICII Yo — 7 —EA TATA, fICREFINLCE
B CAAT, BIFFHBI KL ATG LD 3BXLIFCHRZEET LI nbRTNS
EEADNEEL R, SHESREARICIE. RUAMIIS 7V AATAA BEEL L.
Avravit GT THIN AG TRL2ZAV2y TR HEEEZ LT W, prxCla
X074 VFALLCIE. 3T I/BREOWREKI UV N7RELTEREN.
NEREDONKIFRAFIRTF K, DRENCEKIXXMIRTFERETOLY
VZRIOVBREIRTRBBERNAX LY —EL LB EZ ORI, prxCld &
prxClec oW T LRBRICTO LI V73BT b0 L ERERL, TAVHFA
LABOBERFMERT 7 I /VBEMICBI2HRAEMER. prxCla, Cb. Cle ATIZ
90% DIETH-7, prxCla & prxC. €3 BITIE, BEEFIS TN, 66X T I
JBEFITIX, T5%. T1x L REMESEL. €2 XC3 TI6M. 64% Kot
DEIRNA XL T —L LW 30-50% DHEEL Lo, B, EME
2+ BB L I BRESUAHERSEELL, 2. BILXFY Y
(Hisd2) . SEME2F Y (Hisl70) BAOEMZHED. HEHHROLF
XLy —-CETHEBLE, B RF VU HER2ENICRESIR TV, Ly
L. BEERXF UV EIZEPRTRREIRTWEY, BEHDOLDIERL -
AN

BWIETIE, VARV —ERBEFERBATRRIEL, T4V HFA4LC
232—F$5 cDNA (pSK1) &%/ ARBEFEAVWT., R2LWBEHEEXLITX
VH¥—LERI—-KRTEBRETFEHEELL. JhERAN7 ¥ — pKK223-3 THER
L (pKK-PER1) . ABETRIAZRALY, MRERL IV N7BLRMTE L



pofe, AVIILFAFREEVWTY VA —2#RL. NEEIZXXFSRTF
REBRWLERLVAX LY —ERETLEHRELL, BBENX 79— pKK223-3 3ER
L (pKK-PER4) . ABBETHRHAI L., BREERBH S LM £E5K
Ehe s w78, BREFHICL, /A XF LY —EhihE BV RERN
CbRET B LHTEL, EMBBWTII inclusion body ROBRBAA SN,
ABEHERICIIABEEENCEELL, VIV FREAWCEUIRRD
ERBELIVRAEBRENCKRBOEBRNIR Y Leu 2B K/ ICERL.
CRBEIFAPINRNTFRKEBRELL, THERBANZ & — pKK223-3 THEFL
(pKK-PER5) . KBE#ATRIAI L, BRERRLZAD LN L > 0P REHIEC
FUNIEBEARENTWE L 2HRALA., LdL. inclusion body D X
IHFEEENE LTHEELL,



D

2)

3)
4)

5)

6)

7

8)

9

10)

11)

12)

13)

14)

15)
16)

17)
18)
19)

20)

S5 M T Bk

Bergmeyer, H. U.: Methods of Enzymatic Analysis, 3rd ed., Vol.3, 286
(1983)

Morita, Y., Iwamoto, H., Aibara, S., Kobayashi, T. and Hasegawa, E.:
J. Biochem., 99, 761 (1986)

ME W~ P 47, 151 (1975)

Nakamura, M., Yamamoto, l., Ohtaki, S. and Nakamura, S.:

J. Biol. Chem., 261, 13923 (1986)

Flohe, L., Gunzler, W. A. and Schok, H. H.: FEBS Lett., 32, 132,
(1973)

Triggs-Raine, B. L., Doble, B. W., Mulvey, M. R., Sorby, P. A and
Loewen, P. C.: J. Bacteriol., 170, 4415 (1988)

Claiborne, A., Malinowski, D. P. and Fridovich, I.: J. Biol. Chenm.,
254, 11664 (1979)

Loprasert, S., Negoro, 5. and Okada, H.: J. Gen. Microbiol.,

134, 1975 (1988)

Poole, L. B. and Claiborne, A.: J. Biol. Chem., 261, 14525 (1966)
Yonetani, T. and Schleyer, H.: J. Biol. Chem., 241, 3240 (1966)
Libby, R. D., Thomas, J. A., Kaiser, L. W. and Hager, L. P.:

J. Biol. Chem., 257, 5030 (1982)

Tien, M. and Kirk, T. K.: Proc. Natl. Acad. Sci. U.S.A., 81, 2280
(1984) '

Wariishi, H., Akileswaran, L. and Gold, M. H.: Biochemistry, 27,
5365 (1988)

Rick, C. M., Zobel, R. W. and Fobes, J.: Proc. Natl. Acad. Sci.
U.S. A, 71, 835 (1974)

Mader, M.: Z. Pflanzenphysiol., 96, 283 (1980)

Shannon, L. M., Kay, E. and Lew, J. Y.: J. Biol. Chem., 241, 2166
(1966) , .

Mazza, G. and Welinder, K. G.: Eur. J. Biochem., 108, 481 (1980)
Endo, T.: Jen. J. Genet., 56, 175 (1981)

Ainsworth, C. C., Johnson, H. M., Jackson, E. A., Miller, T. E. and
Gale, M. D.: Theor. Appl. Genet., 69, 205 (1984)

Grison, R. and Pilet, P.-E.: Phytochemistry, 24, 2519 (1985)



21)

22)
23)
24)
25)
26)
27

28)
29)

30)
3
32)

33)
34)
35)
36)
37)
38)
39)
40)

41)

42)
43)

44)

Carison, P. E., Smith, H. H. and Dearing, R. D.: Proc. Natl. Acad.
Sci. U.S.A., 69, 2292 (1972)

van Huystee, R. B.: Ann. Rev. Plant Physiol., 38, 205 (1987)

van Huystee, R. B. and Cairns, W. L.: Phytochemistry, 21, 1843(1982)
Kay, L. E. and Basile, D. V.: Plant Physiol., 84, 99 (1987)

van Huystee, R. B. and Cairns, W. L.: Bot. Rev., 46, 429 (19890)
Welinder, K. G. and Mazza, G.: Eur. J. Biochem., 73, 353 (1975)

van den Berg, B. M., Bianchi, F. and Wijsman, H. J. W.: Theor. Appl.
Genet., 65, 1 (1983)

Welinder, K. G.: Eur. J. Biochem., 96, 483 (1979)

Tyson, H., Fieldes, M. A., Cheung, C. and Starobin, J.:

Biochem. Genet., 23, 641 (1985)

Srivastava, 0. P. and van Huystee, R. B.: Bot. Gaz., 138, 457 (1977)
Hoyle, M. C.: Plant Physiol., 60, 787 (1977)

Shih, J. H. C., Shannon, L. M., Kay, E. and Lew, J. Y.:

J. Biol. Chem., 246, 4546 (1971)

Aibara, S., Yamashita, H., Mori, E., Kato, M. and Morita, Y.:

J. Biochem., 92, 531 (1982)

Aibara, S., Kobayashi, T. and Morita, Y.: J. Biochem., 90, 489(1981)
Braithwaite, A.: J. Mol. Biol., 106, 229 (1976)

Nakajima, R. and Yamazaki, I.: J. Biol. Chem., 262, 2576 (1987)
Mauk, M. R. and Griotti, A. W.: Biochemistry, 13, 1757 (1974)
Poulos, T. L. and Kraut, J.: J. Biol. Chem., 255, 8199 (1980)
Finzel, B. C., Poulos, T. L. and Kraut, J.: J. Biol. Chem.,

259, 13027 (1984)

Edwards, S. L., Poulos, T. L. and Kraut, J.: J. Biol. Chen.,

259, 12984 (1984)

Edwarda, S. L., Xuong, N.-H., Hamlin, R. C. and Karut, J.:
Biochemistry, 26, 1503 (1987)

Welinder, XK. G.: Bur. J. Biochem., 151, 497 (1985)

Marklund, S., Ohlsson, P.-I., Opara, A. and Paul, K -G.: Biochi.
Biophy. Acta., 350, 304 (1974)

Yamada, Y., Kobayashi, S., Watanabe, K., Hayashi, U., Yajima, Y. and
Inoue, H.: J. Chem. Technol. Biotechnol., 38, 31 (1987)



45)

46)

47)
48)

49)
50)
51)

52)
53)

54)
55)
56)
57)
58)
59)
60)
61)

62)
63)
64)
65)

66)
67)
68)
69)
70)
71)

Sugita, M. and Gruissem, ¥.: Proc. Natl. Acad. Sci. U.S.A., 84, 7104
(1987)

Kuhlenmeier, C., Fluhr, R., Green, P. J. and Chua, N. H.: Genes
Develop., 1, 247 (1987)

Green, P. J., Kay, S. A. and Chua, N. H.: EMBO J., &, 2543 (1987)
Maniatis, T., Fritsh, E. F. and Sambrook, J.: Molecular Cloning,

A laboratory mannual

Yanisch-Perron, C., Vieira, J. and Messing, J.: Gene, 33, 103 (1985)
Messing, J.: Methods in Enzymol., 101, 20 (1983)

Ohtuka, E., Taniyama, Y., Marumoto, R., Sato, H., Hirosaki, H. and
Ikehara, M.: Nucleic Acids Res., 10, 2597 (1982)

Maxam, .A. and Gilbert, W.: Methods in Enzymol., 65, 499 (1980)
Rigby, P. W. J., Diekmann, M., Rhodes, C. and Berg, P.: J. Mol.
Biol., 113, 237 (1977)

Thomas, P. S.: Proc. Natl. Acad. Sci. U.S.A., 77, 5201 (1980)
Gubler, U. and Hoffman, B. J.: Gene, 25, 263 (1983)

Hanahan, D.: J. Mol. Biol., 166, 557 (1983)

Southern, E. M.: J. Mol. Biol., 98, 503 (1975)

Jeffreys, A. J. and Flavell, R. A.: Cell, 12, 429 {(1977)

Birnboim, H. C. and Doly, J.: Nucleic Acids Res., 7, 1513 (1979)
Bazaral, M. and Helinski, D. R.: J. Mol. Biol., 36, 185 (1968)
Cohen, S. N., Chang, A. C. and Hsu, L.: Proc. Natl. Acad. Sci.-

U.S. A, 69, 2110 (1972)

Welinder, XK. G. and Smillie, L. B.: Can. J. Biochem., 50, 63 (1972)
Clarke, J. and Shannon, L. M.: Biochi. Biophy. Acta., 427, 428(1976)
Bethesda Research Laboratories Inc

Frischauf, A. M., Lehrach, H., Puostka, A.- and Murray, N.: J. Mol.
Biol., 170, 827 (1983)

Blin, N. and Stafford, D. W.: Nucleic Acids Res., 3, 2303 (1976)
Feinberg, A. P. and Vogelstein, B.: Anal. Biochem., 137, 266 (1984)
Membrane transfer and detection methods, Amersham.

Joshi, C. P.: Nucleic Acids Res., 15, 6643 (1987)

Kozak, M.: Cell, 44, 283 (1986)

Lutcke, H. A., Chow, K. C., Mickel, F. S., Moss, K.  A., Kern, H. F.,
and Scheele, G. A.: EMBO J., 6, 43 (1987)



72)
73)
74)
75)
76)
77
78)
79)

80)

81)
82)

83)

84)

85)

86)
87)
- 88)

89)
90)
91)

92)

Murray, BE. E., Lotzer, J. and Eberle, M.: Nucleic Acids Res., 17,
477 (1989)

Rodriguez, R. L.: # {8

Hanley, B. A. and Schuler, M. A.: Nucleic Acids Res., 16, 7159(1988)
Jacob, M. and Gallinaro, H.: Nucleic Acids Res., 17, 2159 (1989)
van Santen, V. L. and Spritz, R. A.: Proc. Natl. Acad. Sci. U.S.A.,
84, 9094 (1987)

Sakurada, J., Takahashi, S. and Hosoya, T.: J. Biol. Chem., 261,
9657 (1986)

Lagrimini, L. M., Burkhard, W., Moyer, M. and Rothstein, S: Proc.
Natl. Acad. Sci. U.S.A., 84, 7542 (1987)

Roberts, E., Kutchan, T., and Kolattukudy, P. E.: Plant Mol. Biol.,
11, 15 (1988)

Kaput, J., Goltz, S. and Blobel, G.: J. Biol. Chem., 257, 15054
(1982)

Tien, M. and Tu, C.-P. D.: Nature, 326, 520 (1987)

de Boer, H. A., Zang, Y. Z., Collins, C. and Reddy, C. A.: Gene,
60, 93 (1987)

Loprasert, S., Negoro, S. and Okada, H.: J. Bacteriol., in press
(1989)

Dayhoff, M. 0., Schwartz, R. M. and Orcutt, B. C.: Atlas of Protein
Sequence and Structure, ed. Dayhoff, M. 0., Vol.5, Suppl.3, 345
(1978)

Slightom, J. L., Drong, R. F., Klassy, R. C. and Hoffman, L. M.:
Nucleic Acids Res., 13, 6483 (1985)

Go, M.: Nature, 291, 90 (1981)

Roberts, E. and Kolattukudy, P. E.: Mol. Gen. Genet., 217, 223(1989)
Dennis, E. S., Sachs, M. M., Gerlach, W. L., Finnegan, E. J. and
Peacock, W. J.: Nucleic Acids Res., 13, 727 (1985)

Khursheed, B. and Rogers, J. C.: J. Biol. Chem., 263, 18953 (1988)
Gilbert, ¥W.: Nature, 271, 501 (1978)

Wolter, F. P., Fritz, C. C., Willmitzer, L., Schell, J. and
Schreier, P. H.: Proc. Natl. Acad. Sci. U.S.A., 85, 846 (1988)
Karlin-Neumann, G. A. and Tobin, E. M.: EMBO J., 5, 9 (1986)



93)

94)

95)
96)

97)

98)

99)

100)

101)

102)

103)

104)

105)

106)

107)

108)

109)

110)

111
112)

Wasmann, C. C., Reiss, B. and Bohnert, H. J.: J. Biol. Chenm.,

263, 617 (1988)

Zhang, B. R., Okada, N., Shinmyo, A. and Takano, M. :

Ann. Rep. of ICBiotech., 10, 151 (1987)

Schloss, P., Walter, P. and Mader, M.: Planta, 170, 225 (1987)
Shinshi, H., Wenzler, H., Neuhaus, J.-M., Felix, G., Hofsteenge, J.
and Meins, F., Jr.: Proc. Natl. Acad. Sci. U.S.A., 85, 5541 (1988)
Ray, J., Knapp, J., ,Grierson, D., Bird, C. and Schuch, W.:

Eur. J. Biochem., 174, 119 (1988)

Edens, L., Heslinga, L. Klok, R., Ledeboer, A. M., Maat, J.,
Toonen, M. Y., Visser, C. and Verrips, C. T.: Gene, 18, 1 (1982)
Bowles, D. J., Marcus, S. E., Pappin, D. J. C., Findlay, J. B. C.,
Eliopoulos, E., Maycox, P. R. and Burgess, J.: J. Cell Biol.,

102, 1284 (1986)

Raikhel, N. V. and Wilkins, T. A.: Proc. Natl. Acad. Sci. U.S.A.,
84, 6745 (1987)

Sheehy, R. E., Pearson, J., Brady, C. J. and Hiatt, W. R.: Mol.
Gen. Genet., 208, 30 (1987)

van den Bulcke, M., Bauw, G., Castresana, C., van Montagu, M. and
Vandekerckhove, J.: Proc. Natl. Acad. Sci. U.S.A., 86, 2673 (1989)
Gould, S. J., Keller, G.-A. and Subramani, S. : J. Cell Biol.,
107, 897 (1988)

Munro, S. and Pelham, H. R. B.: Cell, 48, 899 (1987)

Blanke, S. R. and Hager, L. P.: J. Biol. Chem., 263, 18739 (1988)
Mullenbach, G. T., Tabrizi, A., Irvine, B. D., Bell, G. 1., Tainer,
J. A. and Hallenwell, R.: Protein Engineering, 2, 239 (1988)
Kulia, D., Tien, M., Free, J. A. and Ondrias, M. R.: Biochemistry,
24, 3394 (1985)

Fishel, L. A., Villafranca, J. E., Mauro, J. M. and Kraut, J.:
Biochemistry, 26, 351 (1987)

Goodin, D. B., Mauk, A. G. and Smith, M.: Proc. Natl. Acad. Sci.
U.S.A., 83, 1295 (1986) |
Oligonucleotide-directed in vitro mutagenesis system, Amersham.
Amann, E., Brosius, J. and Ptashne, M.: Gene, 25, 167 (1983)
Laemmli, U. K.: Nature, 227, 680 (1970)



113)

114)

115)

116)

117)

118)

119)

120)

12D

122)

123)

124)

125)

126)

127)

128)

129)

130)

Towbin, H., Staehelin, T. and Gordonm, J.: Proc. Natl. Acad. Sci.
U.S.A., 76, 4350 (1979)

Taylor, J. ¥., Ott, J. and Eckstein, F.: Nucleic Acids Res.,

13, 8764 (1985)

Muraki, M., Jigami, Y., Tanaka, H., Harada, N., Kishimoto, F.,
Agui, H., Ogino, S. and Nakasato, S.: Agric. Biol. Chem., 50, 713
(1986)

Trigss-Raine, B. L. and Loewen, P. C.: Gene, 52, 121 (1987)
Ikemura, T. and Ozeki, H.: Cold Spring Harbor Symp. Quant. Biol.,
47, 1087 (1983)

Nilsson, B., Abrahmsen, L. and Uhlen, M.: EMBO J., 4, 1075 (1985)
Utsumi, S., Kim, C.-S., Sato, T. and Kato, M.: Gene, 71, 349 (1988)
Gatenby, A. A., van der Vies, S. M. and Rothstein, 8. J.: Eﬁr. J.
Biochem., 168, 227 (1987)

Chung, C. H. and Goldberg, A. L.: Proc. Natl. Acad. Sci. U.S.A.,
78, 4931 (1985)

Unger, B. P., Gunsalus, I. C. and Sligar, S. C.: J. Biol. Chen.,
261, 1158 (1986)

Tessier, L.-H., Sondermeyer, P., Faure, T., Dreyer, D., Benavente,
A., Villeval, D., Courtney, M. and Lecocq, J.-P.: Nucleic Acids
Res., 12, 7663 (1984)

Cannistraro, V. J., Subbarao, M. N. and Kennell, D.: J. Mol. Biol.,
192, 257 (1986)

Williams, D. C., van Frank, R. M., Muth, W. L. and Burnett, J. P.:
Science, 215, 687 (1982)

Gatenby, A. A., Boccara, M., Baulcombe, D. C. and Rothstein, S. J.:
Gene, 45, 11 (1986)

Moore, R. E., Davies, M. S. D., 0'Connell, K. M., Harding, E. I
H., Wiegand, R. €. and Tiemeier, D. C.: Nucleic Acids Res., 14,
7227 (1986)

Laemmli, U. K., Beguim, F. and Gujer-Kellenberger, G.: J. Mol.
Biol., 47, 69 (1970)

Schoemaker, J. M., Brasnett, A. H. and Marston, F. A. 0.: EMBO J.,
4, 775 (1985)

MR A& : BIO INDUSTRY, 3, 48 (1986)

— 100 —



131) Taylor, G., Hoare, M., Gray, D. R. and Marston, F. A. 0.: Bio
Technology, 4, 553 (1986)

132) Mitraki, A. and King, J.: Bio Technology, 7, 690 (1989)

133) Winkler, M; E., Blaber, M., Bennett, G. L., Holmes, ¥. and Vehar,
G. A.: Bio Technology, 3, 990 (1985) ‘

134) Dodson, G., Hubbard, R. E., Oldfield, T. J., Smerdon, S. J. and
Wilkinson, A.: Protein Engineering, 2, 233 (1988)

135) Goff, C. G., Moir, D. T., Kohno, T., Gravis, T. C., Smith, R A.,
Yamasaki, E. and Taunton-Rigby, A.: Genme, 27, 35 (1984)

136) Schein, C. H. and Noteborn, M. H. M.: Bio Technology, 6, 291 (1988)

— 101 —



A<Ew ST I BE RO H 5 = H
1. Structure of the horseradish peroxidase isozyme C genes.
Kazuhito Fujiyama, Hiroshi Takemura, Shiro Shibayama,
Kazuo Kobayashi, Jong-Kyu Choi, Atuhiko Shinmyo,
Mituo Takano, Yasuyuki Yamada and Hirosuke Okada
Eur. J. Biochem., 173, 681-687 (1988)

2. Structure of genomic DNA of hoseradish peroxidase gene family

Kazuhito Fujiyama, Hiroshi Takemura, Atuhiko Shinmyo,

Hirosuke Okada and Mituo Takamo
in submitted to the Gene

3. Expression of horseradish peroxidase gene in Escherichia coli

Kazuhito Fujiyama, Atuhiko Shinmyo and Hirosuke Okada

in preparation

— 102 —



EB &F

ERAREFTRIREHL), REHNESEZBEHLV 2 LAHLIERRICOINH
IR LETFES, FRSIDERIIHLD, ERLHPSLHEOREHRDIZ LR
AEFEHE. LHBHEHE. SHLFRR. BR-KH. _HBEALER FH
BEHE. SPEFRBIRBOEEZRLET.

FHECHL, EEROZIWEEL L) I LAFLESHRE. HRLH
HELEBOSEXHS I LA MERPERE. ATE-PEK. BRIAFTHL
EHYEEL BEXKRCESBHRLEIT, 24, EHEOLIZ LA FE
B, BREEREL REXTFR BHBFRICEATHLBLETFZ T,
Eoiz, ARVIEREEREH,GFLTHSZEFHAENEREZM» THE Z
LEEBRZRZRLUHBEZERICESBRHARLZ T,

FHEOHARREZEL LTHBHESZ LAKUEAK (R MHERESXS
#). MHBABE (R UYL HERA&d) . ANEER (R a4
HEE) . PRERK (KERAFAEER) . #R2K (R, kxaaklasd)
LEDVBRHOBERLZYT, FHROFEEN->-THEZLAREGHREA2H
DERIZBRHRL 2T, TLFAHARBICRTHERE LS ZHE I LoRILEH
Bt (FR, BAIEXRYE). KEEZEL (R AEFELEASH) 3. BAH
MRAZRVEPTRZERRK L S —OBERICBRHERL 2T, 5. AFCH
LDERLTHELHMZHEEZILCESEAK (B, HRERIEKRA &) |
HMEEZR (8. REEAGRSE) CBRHL T,

BRBICHRAROBITCEL T, @A LTWRZWLFAEFREHL TV LEN
LmBlIcRHELET,
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