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ABSTRACT

In order to study regulation of 7bcL gene expression, rbel gene of chloroplast DNA (Cp DNA)
from maize was cloned. Cp DNA was isolated from intact chloroplast and digested with BamHIL
BamHI 9 fragment of Cp DNA containing »bcL. gene was ligated to pUC19 and transformed into
E. coli DH50. This recombinant plasmid was named pRLYS1. pRLYS1 was hybridized with a part
of rbcl gene from rice and digested with restriction enzyme BamHI, Hindlll, and Psil. From
these results, it was confirmed that pRLYS1 contains intact »bcL gene and orientation of BamHI
9 fragment of Cp DNA in pRLYS1 was determined.

Moo=
AEH7} S5 4419 DNAE 2Eche 2ol 20994
Aol Bhl7l o) & QBA Ao FES 2A 18T TA
FARES] B4 U FHTe] TEsA AFHA AUk

(Palmer, 1985; Herrmann ef al., 1975; Kolondner and Te-
wari, 1975).

A2 mE =24 DNA(Cp DNA)= 83-292kb =74
e deuxie 28 2 =277k AR F DNAC]
ws] YEF 2L Wil ois) 20-25kb 27]9) inverted
repeat sequence(IR)}3 7}z 3lth. Cp DNA+= rRNA
477}, tRNA #4719l gG2AWeA Fa=EE 719
TE A g §AxE 7HA L Qe (Murphy and
Thompson, 1988: Sugiura, 1989) <3 whwzle] 34
33 45AE e ARAQ 24399 9r4de
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viebdici(Marcus, 1989). ©) & rbel FHAE FIAS
Zul 5 Fef A ribulose-1,5-bisphosphate®] carboxylationZ}
Z-&ol| %552 el bifunctional enzymesl RuBisCo2
= ateld F Eag9Ae LSUE Lastshe f4x
oith LSUE HEA-1A §A4=d BHARE £
ybal, RuBisCo®] ah2 Agh¢lalql SSUR el A= <]
I HAFH7E fEAR F4sEE F9b processing®
LSUs =5=sd 2 7152 o}3 81522 gdtrHGutte-
ridge and Gatenby, 1987; Link and Bogorad, 1980; Zura-
wski ef al, 1981 Gringrich and Hallick, 1985).

S d) LSUS 2assls shl FHAE 925
DNA2] BamHI 9 Bl 25 kb 7] 2 =gk #1¢)
el He=(Coen et al., 1977), rbel F@AL] 3-wdgte g
2E) 0.33kb Eeix 25kb WAFAE T3 apB F
Az} EAEed o] T fAAs AR e ez
A AbElcH(Link and Bogorad, 1980). rbel - AR EE

Bele QR B §878 2o $a9 Ze)
e ge] ~10 $91% —35 Y915 G5 ehh e
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Eoll A 80% ol49) A4EAE zhsthMarcus, 1989). ©
Ao ® EAlsks rbl 3l o]l ¥l Lekb
mRNA¢} g7 olRr} 238 FEdoE= ARERLE ¥
A= 1.8kb mRNAS §Adshzd] 0] 579 wle-e 3
Lo AlclA ol Wl Crossland ef al., 1984).

PEA FAAS] BHEEADL JZA DA B ot
d Azl oz AT I o& Behe J5A
FeAAe] HHdzgLe FAHAY BH AEF me=)
w5 chakgl 7] zfe]] glefA] o] Fe] A cHFromm et al., 1985;
Berry et al., 1985). ATl 742 FH3 waa
shtal RuBisCotx (24 44 whiade] 60% A4S
R ek v 207 EA4ZA4 RuBisCo a4e LSUs
SSU= well 23 dde] M2 thEs) g cH(Inamine
et al., 1985; Shirley and Meagher, 1990). LSU2 7%,
I¥ A Zo A Lol o1& mRNAS) oA Hsr} 4
i o} AEdxe AL WHEs)h gos Ay 2as)
gl e m(Nelson et al., 19845 Tobin and Silverthorn, 1985;
Rodermel and Bogorad, 1985) oiz| A-EF2] whaltiA ¢
a2 chopgl 247 2ke] 2w o] QrkFromm ef al., 1985;
Nelson et al., 1984; Tobin and Suttie, 1980; Sasaki ef
al., 1984; Berry et al., 1986, 1988, Klein et al., 1988).
23 B QF BT BT Bgw 9¥A, )
2 gqlel ost 4 fAAle] gdde =AYz gge
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sCod] T wAF dEAd4 $AaE= LSU H-2=y
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2349 phel AT RN FYdME o)n
Coen S(1977)0] &2l rbcl GAAE Este A=
FEHrv|=, pZmed7E FAstE o o] A=Y Eakes
=2 df 5 gs B ohE Fuldle ok HEA
rbcl A FEYe A% Eurh glev & AH
ALEE &g T2 0 Zog mays L. Golden cross Bantam
T-510) 22 rbelol] e A2 #|29) Zea mays L. WFG
TMSXBS7(Coen et al., 1977)e]} FROXFR37(Bedbrook
el al, 1978 Hanley-Bowdoin et al., 1985) F& Z2] o
AT} vl & Hlolet AL RHER rhel FHA}
224" A2 A=Y Fehsnhs, pRLYSIS 4849
ok gez )& o|4Ets rhel FAHA Z2RE F9
e W Fa w23 =) BAL8e N bl F-AAE
WAz Zlabe] s d-gstwal gk

ME U

MEME. B AP ASF E5Plea mays L)
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glem ¢]2 2% sodium hypochlorite solutionel]lA] ArF
ated 28T 2] A H 24417k Ft AEAIZ) F vermicu-
lites] 4l¢] 28°C growth chamberel 4] 87K16 h light; 8 h
dark) 434 ZTh

MEE FF, Eeliois 9 oujel 2 g4 host
cell2 A28 735 E coli DH502t IM109(Sambrook ef
al., 1989)93 2.7 vector2+& pUC19(Sambrook ef al., 1989)
& Abgsledeh E coliv LB wix]elA) A Fshe] 37TA
o A1 k.

Zglan|=9) Bal.  Zekav]= DNAY diskiele
Marko S(1982)2] wpwle o]-2slgizm, A=k¥al: Bimn-
hoim¥} Doly(1979)2] HI-S o] gale] Hajaldd,

HEA DNAZ 2el. 2¢pEAE 9EA DNAY
2a)= Kolondner$} Tewari(1975)2] HbHL wi&3le] 2}
f3lgch. B dFe] gle T AP 4TA 3
A}, 8UR 24 o 300 g2 S5k 1.2 liters] buffer
A(0.3M mannitol, 0.05 M Tris, 0.3 M EDTA, 0.001 M me-
rcaptoethanol, 0.1% BSA, pH 8.0)o]4 Buhler homogeni-
zer2 uldlg & 272 cheeseclothe} 47 2] Miraclothel|
3Al7A 40xgell A 1087k AR sgch AEd L of
Al 1020XgR AR slel d& FAAEE 60m/ buffer
Al F=slz MgCl(0.01 M)%} DNase(50 mg/ml)E 7}5)
4ol 14)17) Fob 9122170 & 180 m/2) buffer B(0.3 M
sucrose, 0.05 Tris, 0.02M EDTA, pHB.ME 7l 1500
Xgoll4 158 2 fAEesigel AFHEL 180 /g
buffer BE F# A28} &£ 1500 X gol| 4] t}] 14182 5
AHH GZAE ) o] S5 o 25g9 48m/9]
buffer C(0.05 M Tris, 0.02 M EDTA, pH 8.0)¢] ®=tA|7]z
10% sodium sarcosyls EIsh= 1.2 mi8) buffer CE 7}5)
Aol 30¥7E WAzl F 4M CsCl7t T8 2mie)
buffer C& 7}l E&oll 15 A|7HEet wEERe o] &
1200 X goil 4] 3082k fA#e)3F & olojz] 4h3de] CsCl
(p=1.55)%} EtBr(final concentration=740 ug/m)< 7}l
Hitachi RP-65 rotor® 38,000 rpmel 4] 48417} Fqb =4
ARglsle =4 DNA H=g ¢qrch

=g EalAalE pdl19] HZE. A SalE @
FHeBTE d.e 2o phel FHA Ao A E= 056
kb 27]9) Psil AL £A7 A 9E Pyle g Agdsln
calf intestinal alkaline phosphatase(CIP)Z 5'-814k7]5
A 7% pUC199) ligationgt & oz a3 DNAZ E.
coli JM109E 245417tk 319 4¥.e Sambrook 5
(1989)2] o= Safistgr),

rbel RHAL] 22Y. S 2HE Eeld Cp DNA
£ AFEs BamHIo =z Avhste] 27953 ¥ BamHI
9 WAL AzHe FHedqch FUE AFgELE A
& CIPE x¥)3% pUCL9) E<E BamHI 9 AH-L liga-
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Fig. 1. Gel electrophoretic pattern and cloning scheme of pJJL. Electrophoresis was carried in 0.7% agarose at 100 V.
A. Psil digests of pJJ1. Lane 1, 4: A-HindIIl (size marker). 2: pJJ1 (uncut). 3 two digests of plJl. Filled and empty
arrow indicate insert DNA and vector DNA, respectively. B. Cloning scheme of pJJl.

tions}ol E. coli DH50:E 3 ZA2tAlgch 9] 432 Sa-
mbrook 5(1989)2] b o g Z=3)slodc)

HEFEAL My Ampicillin(100 pg/mhe] FHH
LB w=]el| 5-bromo-4-chloro-3-indolyl-p-D-galactopyrano-
side(X-gal)¥} isoprophylthio-p-D-galactoside(IPTG)E =%
sto] FAZA|7|7 WAAHA T E coli DH5e S E2behed
A = A= A4 FE2E Adsiick

Southern hybridization.  Z&§ ZE=h=r|T= p]Jle
228 B rbel FAA A7 Pl A& 3]p3t7] £ 9)
pllle Psloz ATIg ¥ A7|j%ste] 056kb 2714
Pstl A¥L electroelution #He 2 33l ol &
probe2 &he] Sambrook S5(1989)2] whiel w=l Cp
DNA] BamHl ZHE 3 2 AN A2 == A=F
Zgl~n|=e} 2t} hybridizationg 538 shsich

2ot @ 2y
=R ZolAo|E pdJ1e) Bl Xegalsh [PTGHH
=28 ampicilline] 59 LB wiA2Re Axg &5
20T % 72 1 gloky AZEE dY 22053 AEE
Z sakielste] Psle 2 Agatych olF A7) 35 s
vectorql pUC19 DNAS} insertd] 056 kbe] Pstl ¥ 4
=2 galslgd siFig. 14) o) & pillelel Bzt pl]l
9] cloning scheme-& Fig. 1B&} zich
Cp DNAS| HMIstE4a 2] ¥ Cp DNAW rbel FHALE

2= =2l 2oy BEE)g Cp DNASZ A¢ER
BamHlo 2 Al 7193 gsled el (Fig 2A). ©]& nit-
rocellulose filter® transferd & plJJle 23] 33 &
9] rhel §AR F 056kh Z7)2) Pstl AAF3(Fig. 1A)
Z probe® &}e] Southern hybridizations =g A=}
BamHl1 9 AR rbel f3A=7E E3] 3= Coen F(1977)
8 23 Z FHelsledoh(Fig. 2B). Negative controlZ= A-
Hindll[& 18314},

rbel REXADL E2EE M=F 20 pRLYS19|
Mgl X-gals} IPTGr} m2t% ampicilline] &3 LB
A 2R AT IES Adsiac dEs Fdd
H= AzkEa)dle] BgmHICeZ ZHghsl & 7| od %5t
vectorl pUC19(2.69 kb)s} insertdl 4.35kb Z712] Cp
DNA BamHl #Z®e =g Fatedri(Fig 3, lane 3).
L4a A% DNA ZHAS AFEAL BamHIel 3] A
AEE 435k 2719 AL F FRold o F 2L
Fodet Sl 1 BHAq SAlshy Z71e o) €274
o] thEc) &, 2bHE bl FHA $45 T sle
BamHl1 9 A& Hindllle)] B3t 14 B9 5 7112 9lA
ofe vk, o2 FAA F$) el BamHI 9 H#A-L2 Hindllle|
gl =9 A H el 71z ¢lvh= Bedbrook 5(1979)
9] Humd ofet 2 dgels] gA4E AMzy Eehov=
= ybel SR ARL IR D ol ARY Eekav|ET
5 Awsly] §3te] AR ZeAr|=ES AfELE
Bisly o] Ar|dEstant. Hindlll2 Adetde 7

1
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Fig. 2. Agarose gel electrophoresis of the restriction fra-
gments of maize chloroplast DNA and blot-transfer hybri-
dization to the rice rbcl probe. Maize chloroplast DNA
was digested with BamHI and electrophoresed in 0.7%
agarose gel at 100 V. The DNA fragments were transfe-
red to a nitrocellulose filter for hybridization. A. Photo-
graph of BamHI digests of chloroplast DNA, Lane 1:
BamHI digests of chloroplast DNA. 2: A-HindIIl(size ma-
rker). The arrow indicates LSU encoding fragment. B.
Autoradiograph of filter hybridized to the *P-labeled (.56
kb Pstl fragment as the part of the rice 7b¢cL. Lane 1:
hybridization of rice Pstl fragment encoding rbcl gene
to the 4.35kb BemHI fragment of chloroplast DNA. 2:
A-HindIIl (negative control).

& HindIllo) o3k o) 23-2]7} 435 kbe] BamHI A M=
AT vectorZ AH4-¥ pUC199] multicloning siteel]wr =
el 714 kb(2.69 kb+4.35kh)e] 43 DNA ExiZ =13
= 52(Fig. 3, lane 4) BamHIz} Hindll[2 Z4]o)] Az}
%% o) pUC19 2] multicloning site W] {173} 4] Hin-
dIlls} BamHIel gt 414 %317} 2% 2ajsbe] pUCLO
F-elol 9ol HrbA el Hindlll 22347} ¢lo] insert
DNAS#} vector2] -+ DNA d# o 27t Hob==(Fig, 3, lane
5) rbcl. FAA} F-$)9) BamHI 9 #H8& 721% A=z
gfrv)|EE Ao, wit plJle2Re] A el &
Azte] df<l Psl BAL 548 § probeR Alg-8}od

g
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Fig. 3. Restriction fragments of the pRLYSI1. Electro-
phoresis was carried in (.7% agarose at 100 V. Lane 1,
8 A-HindIIl (size marker). 2: pRLYS1 (unicut). 3: BamHI
digests of pRLYS1. 4: HindIll digests of pRLYSL. 5: dou-
ble digests of pRLYS1 with BamHI and HindIIL. 6: pUC
19 (uncut). 7 BumHI digest of pUC19. Filled and empty
arrow indicate insert DNA and vector DNA, respectively.

Fig. 4. Hybridization analysis of cloned rbcL fragment
in pRLYS1. A. Gel electrophoresis of BamHI fragments
of pRLYS1 (lane 2) and A-Hindlll as size marker (lane
1). Electrophoresis was carried in 0.7% agarose at 100 V.
The arrow indicates BumHI fragment of rbcl. gene from
maize. B. Autoradiograph of BamHI digests of pRLYS1
fractionated on gel as shown in A. Lane 1: A-HindIll
{negative control). 2: hyhridization betwcen probe and
4.35kb BamHI fragment of pRLYS1.
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Fig. 5. A. Identification by gel electrophoresis and hyhridization analysis of DNA fragment encoding rbcL gene inserted
in pRLYS1. Electrophoresis was carried in 1.2% agarose at 100 V. Lane 1: A-HindIIl (size marker). 2: pRLYSI (uncut).
3: Pst] digests of pRLYS1. The forth fragment (0.19 kb) is not shown in this photograph. 4: autoradiograph of the
hybridization between probe and pRLYS1 digests as shown in lane 3. B. Strategy for construction of recombinant
plasmid, pRLYS1, combining BamHI 9 frgment of Cp DNA from maize and E. coli plasmid vector pUC19 and orientation
of rbcl fragment in pRLYS1. The number indicates the size of DNA fragment.

el AR Azg Zeksv)=2) Southern hybridiza-  $ti4 Poflo 2 Autelgd e A9 A5 Age 7=
tion A& alstednt o] AW o ZHE probe pRLYST 22 0.17kb (a), L76 kb (b), 0.58 kb (c), 1.84 kb (d)o]eh
Z 4.35kbe] 4tg] DNA w=elal xJ&317] hybridization (Fig. 5B). w}=l4] pRLYS1S Pstlo g Awtd # 9 BamHI
F= Ax5 AchFig. 4B). Negative control2& A-Hin- 9 ##e] Alqlulbskel] w2} 4.35 kb, 0.58 kb, 1.76 kb, 0.19
dIIIS AFgsbedc) AFAAE o) &3 2213 hybridiza- kbe] Zzjeo] ALt 1.76kb, 0.58 kb, 1.86 kb, 2.86
tion Ao RRE FH A el FHASE £EEE kbel "Hdeo] Al pRLYSIE Pstle = Hcksied A
Az Zel~v)=E pRLYS1o)2) Besleic) 7)°355F Za} 4.35kb, 1.76 kb, 0.58 kb, 0.19kbe] A&

pRLYST 5ol rbcl FERAETHO Helurs: ZE. el sy 2 B 2 (Fig. bA, lane 3) o)213 Zs}2 8¢ pRLYS
pRLYS1 W52 435kb 27|12 BamHI 9 ZAg-2 Pstld 1 U459 435kb =78 vhel Sz 2] Alqleleks
gl 3709 ol ReE FIR| 7 gle] BamHI 9 EHE A ZAA sl g o} =5t pRLYS1S Pstle &8 Astsr 5 22 rpcl
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A A= Pstl A8 Southern hybridization®+ 2=} pR-
LYS1¢] 470¢] Pstl ZHF probe= AM43F 22 Psl A
H3} 4%2] HEHE 2= ¥l 058kb =Z7)9] Pl
¥ wl=eba) hybridization =9l F.Z(Fig. 5A, lane 4)
pRLYS1 W3-l rbcl AR Z4EF A2 Salsld
219 Apelubekat cloning scheme& Fig 5B} ). $]s}
e g vl FAAE ZH2 ' AzgZEharn
pRLYS1E sH4sldlenz F5Aal rbel F3HA] E
Aot ez gzl s ALl ai-‘r% S#8t7] 9]
o] A8 sequencing 3 Z22E] 2]2] subcloning
o] da Aol g

= e

rhel #RA dEzAdel # A79 d3de= Cp
DNAZSE B=2]§ rbel 77 T2Y 55T} 2579
S E R R DN 2 2=l & AgkE 4 BemHICE &
wate] rbel FAA7Y 235 BamHI 9 AHE pUC199
F24sle] Az Fepavl= pRIVSIS o) 29
rbel 532} 48-Z probeE AF£-3le] pRLYS13 Southern
hybridization®l 2348} a|§tF.4 BamHI, Hindlll, 22|32
PstIe = Aek® pRLYS1 dAe] #7495 Azt d A
23} Felav)=e] el g3 rbel FrARR] EBAE
Salsbya Abakg AAsledch
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