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Cloning and Sequencing of Pyruvyl Transferase Gene Involved in Exopolysaccharide Biosynthesis
of Zoogloea ramigera 115SLR. Sam-Pin Lee*. Department of Food Science and Technology, Keimyung
University, Taegu 704-70], Korea — A gene coding for a pyruvyl transferase enzyme involved in exopolysac-
charide biosynthesis of Zoogloea ramigera 1155LR was isolated and sequenced. A 4.5 kb of BamHI DNA frag-
ment was 1solated from chromosomal DNA using a probe derived from ketal pyruvyl transferase gene of
Xanthomonas campestris. The nucleotide sequence of 2.66 kb Pst1/Hindlll DNA fragment which was homology
with a probe revealed the existence of two complete open reading frames (ORF2 and ORF3) and two partial
open reading frames (ORF1 and ORF4). The deduced amino acid sequence of ORF3 was homologous to the
ketalase (GumL product) of X. campestris with 49.5% of similarity and 21.6% of identity. ORF2 on the other
hand showed the higher identity with the ketalase (ExeV product) of Rhizobium melilot: (36%) as well as
the ketalase of X. campestris (23%) than that of ORF3. A gene product of ORF2 was determined with a
bacteriophage T7 RNA polymerase/promoter system in E. coli. The molecular weight of protein was 33,500
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dubrow $7|H #ApAe|EolA 2el® Z rami-
gera 1155 3 w2l wlokA] Eol] Amx] obi=
B2} vhedF(capsular polysaccharide)E A 34 s},
o] &9 FxA &AL 74 WFFEM glucose®} gala-

ctose #7] 9 -?rﬂ"}oiﬂ acetyl, succinyl, pyruvyl

aF9 AEA|ER FAECNO, 10). B3] capsular
polysaccharide 52 5% F&e=7 Ay
bioflocculation®} 7|5&5& Ky B} Jth(11, 12). Eas-

son(13, 18)-2 Z. ramigera® H-¥] thdf Aol T
ofgh= ke By W AP 24E A3 AY
ol 4], v] & EelHo] fubAlE o] 83} capsular pol-
ysaccharidee]| 4] &l =& < 9l+= slime polysaccha-
ride—% Ag aLM vl _/F_ alt o)}__/] Szo:]a:]o] ﬂ‘:'r{‘(Z ra-
migera 115SL)E Felslgdom, ol 3] A rifa-
mpicinell A &HAde] e zped YA el Eado] 59
Z. mmigem 1155LRE F-2lgt »} ¢lr}h
Helle 7 yamigera 115SLR =2 He] A

thdFel xR AR e Z ramigera 115SLR D}
oFi= puruvate % acetate®} succinate #7)E X3
ol ole-g Hargh vl Qvi9). vl A A3 E=
o FES dl o] $olo 2 sA®l U39 acidic
exopolysaccharidec]t}. ¢]& t}dFE2] side chain®]
TARAZEL e S8l xe =24 s Xy T
FH o opgFgde] HzAEel EAl(rheological
property)ell F 2.8 &t g} 53] chdfoll Sol
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T 9Jom, &g S5 Xanthomonas sp.2l xanthan gum
(14)3} Rhizobium sp.2] succinoglycan(15) t©}odi+—
7+7} mannose®} glucose ZH7|Fo] U7} pyruvate=
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Z. ramigera 1157} A= ddi= oz Ak
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4 AU plasmids

Z. ramigera 115SLR(ATCC 25935 )2} E. coli
K38/pGP1-2(17), E. coli IM101{Apro-lac) thi supE F’
(traD36 proAB lacl lacZAM15), E. coli DH5a(F~ $80d
lacAM15{acZYA-argFYU169 recAl endAl hsdR17(r.
my ) supkEdd A thi-1 gyrA relAl) % plasmid pEX0.9,
pEX3B¢} pT7-7(expression vector)s= MIT -z}l st
offl 4] F-okylol A}&-dkcl Plasmid pUCI83 M13mpl9
249 vector® universal primer+ Pharmacia Bio-
tech(USA)Z45-¢] 48} Plasmid pUEX4B#} pTEX
55+ 2 AdeA] A zEle] AR&3ic} Trypticase soy
broth(TSB, BBL)2} LB v X|+= 7}zZF Z ramigera 115
SLR=} E. coli 2] A&S 98l A28 2(19), plasmid 2]
ot A-E sl A rifampicin(FFF%= 50 pg/ml) kana-
mycin(# EFF5X 50 pg/m))3 ampicillin( #-55% 50
ug/ml) A Eo] AHEE ot

Chromosomal DNA +&

Z. ramigera 115SLR2 200 m/2] TSB bl X]ei 4] »}j
oFA] 7)1 A cell?] X7} ODgoll A 1.0 wf 7000 rpm
ol A flaltEakddck 23]l FA= 80 m/¢ 20 mM
Tris-HCl(pH 7.5) buffer= Az s}e] lysozyme(2 mg/
ml)-& E38= 22mle] Tris-HCl buffer(9 mM Tris.-
HClL pH 8.2, 11% PEG 8000)¢]] ®etx]7] % 37Cel| 4]
3057 Hko-At#ch AR sphemplast% £ 10,000
rpmeolfl 4 105-7F Y528k F 5m/ TE(pH 8.0) =

olcth o 7)¢l] 300 el SDS(10%)-5 #7}ale] 55Cel 4
1027 82171 & 10mi TE¢F 150 /2] RNase A(S
mg/m/)Z #7}slo] 37Ce 4] 1557F vk F 50
W2 proteinase K(10 mg/mi)E “2aL 45Cel A 1%] 7}
Eob uk2 A ek vk2-¥-2 46,000 rpmell A 1847t &
oF CsCl gradient #7135} 0%] A=A Ee] A7) & geno-
mic DNALX tube?] 3}2H23E] FE8xlo] TE buf-
fero] £a]4)71 &= —20Tol X.3s}eic(13).

DNA x{=&t

DNA A z&3 E coliol A plasmid $2] #&]+ Sa-
mbrook -(20)2] HHol| &fsle] HAjsilch ARE-#
A gt E 452 Boehringer Mannheim(Germany) |3
& lele] Al 4stglon], Aekd DNA &b 58 1%
agarose gelell41 TBE buffers Ahg-3ted #7)ed5 Al
7o g%k DNA A 5o QIAGEN DNA 2% kit
(QIAGEN, USA)& Ahgste] gele FE F-2]3}Sd
Z. vamigera 115SLR§—‘?—E1 genomic library A FE

agarose gelol 4] "'4?T°ﬂ~z‘§-f‘]ﬂ = 45kbel] &l tshs
DNA ©Fl 58 gelof 4] 22 32]skdch. o] 7S BamH
17} calf alkaline phosphatase elxl pUC18 vec-

torell ligationA]%] % E. coli DHbael|l FAHFE
Al3hedet.

Southern hybridization

32 A55 E eoli DHSa 2 F-¥] Hghgh F28
7] 218l 4], pEX0.92] 0.9 kb Pstl wt#-2 probeZ AR
&lod colony hydridizationS A A8kl cH20). Plasmid
pUEX4B2} pEX3B+= vjeFgl Alstagthsd AHehAzl
Foll 1% agarose geloll & H7|ed-F3ldch Gel A9
DNA cth#H "*ZPE 2b¥l ¥l marker DNA+ ozke] &
Hol| 4] A A2V & 1M Tris-buffer= F3tA 7o} Gel
2+2] DNA-+ nitrocellulose filterel] ol A]713 80C
213 ovenell 4] 2A]7F “5oF 4 # 2]s}led 30 m/ 2] prehyb-
ridization £-°4(15 m/ : 20x SSCP, 6 m/ : 50x Denhar-
dts, 0.3m! ; 0.6M EDTA, pH&0, 0.6 m/ : 10% SDS,
1 mg salmon DNA)Y2 2 65Cel| 4 3417} 5oF wbg-4]
71} ProbeE-2 pEX0.92] 09kb Pstl whiiz} pUEX4
B2} 45kh BamHl DNA A1 ug)& AHE3Fe] nick
translation W o 2 w59tk DNA probe £ol58
Abg-#el] 100Cel 4] 58-%F dx]ejste] G4zl Foil
prehybrization 8-<of] #7}zlo] 16417} 5k 65Cel| 4]
Hk-2- Al o) vhgo] HukS nitrocellulose filter+ 65C
gl o2l 4] 125 mie] 5x SSC, 0.1% SDS &3} 2x
SSC, 0.1% SDS % 5x SSC £48 A& o g o|f
3}01 A A& A7l F nitrocellulse filter+= X-ray filmel]
----- ZAlA —70Ce A 16417} &<t E3gt ¥ X-ray
fllmg R s =
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Plasmid pUEX4B=2] 4.5 kb DNA ©ls#d3e] 2.66 kbel}
| 3= Pstl-Hindll ch#H 2] 7] xd-& Sanger di-
deoxy-mediated chain termination Wejel] 2]s]4] #
&l cH20). 1.5 kb Hindlll s1# 7} 2.2 kb Pst]l whi &
M13mpl9ell F=24 sl 27} Kpnl/BamHIz Kpnl/
Sac1e. = HxtAl7l % Erase-a-Base™ KIT(Promega,
USA)E o] &3le] chA A 22 DNA tde] Zo)lE =
’*"’]?i‘;]r A= Sl nucelasei’ HH’A]aq 1% agaroge

DNA - :tf%}'é‘}b %Q‘i{— klenow fragmenti 2] gl
% ligation 3}y E. coli JM101oll & A3 A3 .0
2mM IPTG2} 065 mM X-gal8 #.§3k+= H Top(lg
tryptonc/OSg NaC in 100 ml) agar platek‘ﬂlﬁ 3144

quendsem KIt(USB, USA}Q-} umversal primer, 10 nCi
La-"S] dATPE o]8-3le] AzR] sfglom sbxsl o7
Med g 18 ul7br] wbEsleic) #a] 266 kb DNA
thHol 4 <l ¥E 4 gl kil Ee] A H = CODON
PREFERENCE programe. 2 F¥| g}

E. colitM ORF2 K% -Ix}._l H}&4
DNA f7]4{de] HA® 2.66 kb Pst1-Hindlll w3
—301],&1 ORI‘QO] OA%X]._EQ 'T‘H 9l x| ¥] = c}unz194 =

”‘i?}/‘]'?{l % 1.3 kb Prull- S:mczl DNA fi_}-.{i 2 1% aga-
rose geloll 41 F-2]dtgdv). pT7-7 vector= EcoRIoZ
Hrkste] klenow fragment 2} calf alkaline phosphatase
Aa42 Hu|Algl & okel|&] E-2]g 1.3 kb DNA chsil 2}
blunt end ligation 4] # plasmld pTEX5SE Al &23}dic}.
.Plasmid PTEX552} pGP1-2& 233h= Host £ coli
K38—~ kdnamycm(a(} ug/ml)—xfk dmp1C1llm(5O ug/m[)

Sy R HH 0‘:0“% 35()“1{; f“r% £ tubefﬂl ?1 »ﬂ 2] A5
2| 8132 1 m/ 2] M9 minimal v %] & A28 A 2 s}gdc)
sl A= 20 ug/mi 2] thiamine®} 0.01%2] 18& 5
obu] Xz AHS(methionine and cysteine #) £])& ¥ ghs}i=
1 m/8] M9 minimal vl x)o)] &ebr] 7} F3ll setolf o
30Tl A 408 7F =lelu]eka]zl 3 wflekey B 497"
A2 al A 158 ot A& xek wfokslelch 10 W e rifa-
mpicin(20 pyg/m/ in methanol)& A7k 42Co A 10
7k vl oFAl ) Sof] 1 W PS-methionine & # 7}&kar
30Col 4] 5E-zF wloksloich wjokolo gH g 1Al
2)3lo] 5)pxl oAl 65 uL—] SDSe} DTT & Z &&=
sample bufferol] 5¢l % 05Ce| 4 537 } 7}od &}od
SDS-PAGE #7}ed 533 cH21). Gele 305 =<F I
A 8-M(50% methanol/10% acetic acid)el 4 & =] &kar

307 &<t AmplifyTM(Amersham, USA)el| =+ % 80C
Az7Ve| A 2A]17F gk Ax Ao v X-ray
filmel] =A% —70C Wi e B3 F Xeray
film& #A4slodct

Pyruvyl transferase §XXje] 224l

Z. vamugera 115SLRei| A o}3F A &FA]o ozl
A2 B2l 5 $18]4] Easson(13)2 genomic DNAS-
Sau3A2 F-F- "Hclst ¥ cosmid pLAFR3 & o) 43}e]
. vitrooll 4 packagingA] 7] ¥ plasmid pEX3BZ A
Z3keicth wat pEX3Bo) 41 0.9 kb Psfl wH-& X cam-
pestris2] ketal pyruvyl transferase %3 2H5)2} homo-
logys %+ g Hudion o] 09kb Psil e
pUCB| Z&143}9 plasmid pEX0.9& Rﬂiﬁ}ﬁiﬂ—(w).
o2 HYAAE TAHZ sl 09kb Pstl whal-g
55_@13—}5. 512} ¥) aj 7}oﬂo___ S g}ia}?] -,-} &l A genomlc

—r“'tf]E] 45kb BamHl 1:.}_1:] L] pUC18 vectord] lxga-
= E. colid

tion#} %1 :}'z’fﬁiﬂ""] 7| gene library g w3}

(Kb
9.4

6.6 -
44 -

2.3
20 -

0.6

1234567809 23 4 56 78

1 Kb

plasmid pUEXAB pr———y

;1 Bamid Psti HindlIt Srnat Pstt Himit Bamid s
& #mal
Hirdl})
puCi1s
-

"-Zan Hidllt - BamHT — g;m Ecol Smat
Hm‘fpf - Ecofn

Norodrd == ] -

 —

plasmid pEX3B 1 Kb

Fig. 1. Southern hybridization of plasmid pUEX4B and rest-
riction maps of pUEX4B and pEX3B.

Top (left}: 1% agarose gel electrophoresis, Top (right): au-
toradiograph of pUEX4B digested with Pstl, Sall, Hindlll
Smal, EcoR1/Pst1, Hindll1/Pst]l and Sall/EcoR1 (lanes: 2~
8, respectively). Lane 1: HindlIl digest of A-DNA (size mar-
ker), Lane 9: BamH1 digest of pUC18. A 0.9 kb Pstl frag-
ment of pEX0.9 was used as a probe. Bottom: restriction
maps of pUEX4B and pEX3B (1: 0.9 kb Pst1 site)
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=9t ol 5E4E pEX09¢ 09kb Pstl whH 2
probe® AF-23ted colony hybridization2 & A3} 100
7|2} E. coli transformant Z-o]A 67§ 2] colony7} 733}
homology & X.¢lc} o]5 67024 transformant2-%F
2ol plasmidS& BamHl1o8 Acrhrzl & F.ol3)
probes- A}-4-3le] southern hybridizations & 4=}
45kb BamHl DNA th#ie] 7}3l homology s 4t=
S Eelslgictl 224 DNAS £ &3 plasmid &
pUEX4B= A3chFig 1). 295 45kb BamH1 xt
H3} pEX3B Z£o4 homologyE 7t ojod & ZHA
5}7] #3ted pEX3B+ EcoR1, Sall, Smal, Hz'ndIII
BamHl 2] 45 o wl= HIlo g g3t =

4.5 kb BamH1 <+#H-&- probex A}F&-3lod southern hy-

ORF1 —»

i CTBCAGGRCGECCTEC TR GCAGC ATGTGOAAGCCGOETETETGRACCCONTACCASATC 600

1 L Q66 LLRSMWEKPGVY WTRYOQQ.]

61 ATGCAGGTGGTGGCCAATATTGCCGTGCTGAGTATGGTGOCCBCCCAGAGCATTGAAGTC 120
M GV VY ANTIAVLSUMY¥Y AGGSTIEYV

121 ATIGCTIGCCGCCATCGTCATTCSCGOCTACG TG TTATGRGGCTORGTOGTRTACCAGGTA 180
I A A AT ¥V I RAY VLWGWV VYDV

181 TGCAAGGCATTGCAGATGAAGT TTCGCTTCTATGCGTTGCAGCTGTTGCGGCCGTGOAGC 240
f K ALOQOMTEKTFERTFY ALU GQTLTLTERTPUY S

241 CTEGCCCTECTOTCEGCEGUGGCTBRCTATGCTATACGCCATTACGTEGTGATEGACTGE 300
L AL L SAABAGYATI RHY VY MDH

301 AATTTGCTTCTACGUCTGATCG TCGGCEECCTOGIGETEOTAGCGACCTTIATCACCCTS 360
N L L L RL IV GBEL VYV VYV ATTFTITL

361 GTCATGCTGCTATACCGCACCOUGCCGACGAGT TACTCAGTATIGTCAACARTGTCATTT 420
VMLLYRTAPTSCGSVLILSTMSF

ORF2—

421 CTCETACCAAASCOGCGTAATTICTCCTAACCATTTATCGACTATATACAATGAAACTCT 480
I VP XKPRHNILS = B K L

481 ACTACTACCGGGGCBAC ARGCCAAACTTTGGTGATGACC TCAACCCATGGATGTOCCCEA 540
Y Y YR EODKPNEFOGDDILMNTPMWM®MS EP

541 AGCTGCTECCOEGCGTETAGGACGATAATCAGAACGAGATGTTCCTCGGTATCSCCTCRA 600
K LLPG YV WDDNGNEUMETLTIUGTILIGS

501 TTATTTTCGATTCCCATCCCARACABGCCAACAAGATCGTGTTCEE0BCCSGTTAIGEE6 660
I T FDSHPEKU GANEKTIVFGAGTYSG

661 GOTATACCCCGCTOC S TCATCEACEAGAAGTGGANAT TCTATT TCRTELG0GEOCTRC 720
6 ¥ TPLPFUV IDETEKTHWEKTFT YFVRGIL

721 ACACGOCHCECGAATGCAAACT CRACCCGTCOATRGC ATTREGTRACTCCGCCATCITGC 780
HTARTETGCI KXTLODPSMALTGEGTDSATIL

781 TGCGCTCGTGCATCACAGAGCGCCCCBCCAAGTTECACAAGGTGTCOTTCATGCCACACT 840
L R S CI TERPAZKXKDLUHEKVYVS ST FMZPH

841 TCGAGAGCACGTACGATGECAACTOECGOCTTGCRTSCCAGCTORCCGGCETCCACTATA 900
FESTYODGNUXKRLACOTLAGV VHY

901 TCGACCCGACCGUTACCGTCGACCAGACCTIGCAGGATATICTCAGCTCCGARTTGCTBA 960
1 DPTATVYVDGTLQDTILSSETLTL

961 TTACCGAAGCGATEC ACGGGECCATCOTEECTCACECONTEOGEETECCSTTIOCTRGNGE 1020

I TEAMMUHJHEG A I V & D AL RV P F V A

1021 TGGAGCCGATCCAGCAGCGCCACCACATGAAGTGGTTCOACTGGGCCTCBECGCTCGACC 1080
V EP I Q @ R HHMHMKHWF DWADSALD

10a1 TCGACCTGCGTCCGCAACCGCTOGLCGCATCCAGCATGGTCOAGRCGCTCATGARAAGAG 1140
L DLRPQPLAASSMVY EARLMEKTR R

1141 COBGCCCCAACBAGGCGCTERTGETCCGCATCCGCECCAACCGCCGTTGRCTCAACCTGA 1200
A G P NEALV VYV RI RANIRIERWILNL

1201 TGTCCAAGCGLTTCRCGCACGGUGLAGCCHAGAGCTI TCCTCAAGUTTAGCCBGATCGAAC 1260
M § KR F AHGAAESTLELIEXKLSRTIE

1261 COCAGCTCAGCGGCGACGCCAACATGEAACGCGLCCACAGCUGCATGCTGGAAARAGTCG 1320
P G L 535 & D A N M ERAHSRMHL E KV

bridization2 3}3it} Fig. 1o A+ pEX3B2] restriction
map? 4.5kb BemH1l <+#3 homologys3 v}ehi=
pEX3B 589 & Heod57 glew, pEX3B ZE 9

)& mlrlo] 4.5 kb BamHl gl e] ol Ko} homology &
’—JrE}»LH odrt. w3l pEX3Bo F24x DNAS =& o
tte 2 8]l 09kb Wizl 2 x|o Pstl site?} 9185
o g 2o pEX3B 89 MA od7] 27]= 20 kb
A=t

Plasmid pEX'%B?P Z. vamigera 1155LR2] morpho-
logy 5 B{A1Z F Qo= H(13)& v]Fo] Hol o]
plasmids thebF 3ol srelal §
A slest ehR Agel Belsh: PP
22498 9% F8238 DNA @#H-S #3513 9} x

ORF3—
1321 AGCTGCTCAAGGCCGACCTBERCOCCGUCECGCCGLGCATCCBTGCGECGEETIGAACAT 1380
ELLKADILTGEGT AAAPRTIEIIRAARGSG T * M
1381 GAACGCACGCGCCGACATCTTGTCOATCAGCC ABTTTCCGGTGCTRAGCACCACCGCCEA 1440
N ARADTITLS SIS SOQOQTF®PUVLSTTATID
1441 CGUGCTGGLCGCACG TCTRCTTEAACGATTRGCECGCGGCGAACAGACTGCGCTGTITIT 1500
AL AARTLTLTERTLARTFERDTA ATLTFTF
1501 TGCCAATACCAATCTGETGGTCAAG TOCCGCTTCCTGCTCGACCATGTGARCGACCIGGE 1560
AN TNLVYV VKCRFLLDES Y RKDES
1561 CGTGTTGCTGGRCAACSACGECATCGECCTCGACATCGCGGLCAAGCTGTTIGCACGECAA 1620
VL LY NDGIGELDI ARATZKTLTILIBHTEHZX
1621 GCGCTTTSCABACAACCTCRACGETACTGACTTCACACCGCTACTGTTTOGCOGCAGTOC 1680
R FADNTLNGTTDETPLLFGER RSP
1681 GOGTCCBCTTARAGTGTTCATGGTOGCCGECAAGCEGEAGATCCTGGCGOGCGCCOTEET 1740
R PLEKVF MV GG KPETTLATRAMALULY
1741 CCATGTCGAGCAAAGGCTAGGCCAGCAGGTEETEGOCAGTTECEACGECTATGACGECCT 1800
HVYVEGQRLGOQVY VS SCDBGYTDI S L
1801 GCOCACGGOOGRCGATATCGACCAGCOATCTACGCCABCGECECCEAGETGRTOCTEET 1860
R TAGDTIDORTILIYASGHARTEUVV LV
1861 GGCGATGGECAATCCBATCCAGGAACGCTEGAT TUTCGCCCATCGCAGCGCATTGAAAGC 1920
A°MGNPTIOQET RUMSYILZHERESALEKA
1921 TOGCATCCIGATOEGTGTGGGCBCCCTETTCOATTTCTHGBCCGECGACAAGCCACGCGE 1980
G I L MG VY GALTFTUDTFTUHAGDII KT PR RA
1981 GCCACBCATCATGCAGOGCCTGLGGCTUGAG TEGTIGTICCOCCTGAGCCTERBAGCCECS 2040
PRI MOQRLPRLEUMNWNULTFZ RTLSTILESFPHR
2041 CCBCCTOCTGOGCCGCTACACCIGOGACATCATGGTGTTTCTGCGCATG TGCTTCARGTA 2100
R LLRRYTMWDTIMUVFLTZRMECTFZK.Y
2101 TCGCTGAACCEGTTTTTATCCOGGCGCGGIEGICTECABCATGCCCACCCCECACCAGGT 2160
H bl
2161 GUACCATTCCOCHCUCCE TEATCOTTATCTGGCACCGATCATCGGACTATCGGTACARTE 2220
2721 CAGGCTTCTCTCATCACCACGACGCGECGCCTERCECATCOCGCATTTTTTTATTICCTA 2280
ORFA—
2281 TEGCAGTCATCTETCTCTCTTCGGCOC AACTGECTITIGGCCACGTGGCCTIGCTCRACC 2340
V ALL D
2341 ATGCCGAGTTTTCGCTGEARACCGGTEAACGGETCGGCCTEATCBECCGTAACGGCACCE 2400
HAEFSLETG GETRVYGLIGCRNTEGT
2401 GCAAATCGTCCTTGCTCAARATTATCTCGGGCCET T TCAAGCTCRACGATEGTCTRCTLS 2460
G K 8 8$LLKITISOGRTFI KTLDDBDGLL
2461 TGATGCAACAAAACTTGCAGATCGCCTACGTCGAGCAGGAGCCGETETTCGATCCGGAAA 2520
VMQaQOoONTLG QI AYVEO QETPVYTFDTPE
2521 TOACCBTOCACGACGCORTBECGTCCBGCATOOGTEAGCTOCCGERCTTGCTCAAGGAAT 2580
M T VvV HBD AV AS GMGETLTPGLTLEKE
2581 ACBATGCECTGACCEGGCAG TTCOGCCAAGGCAA TGACGACGCCGTCATGGAGCECATGE 2640
¥ D ALTG GF G QG KX DDAVYHETRH
2641 ATGACATCCAGGTCAAGCTT 2660
H DI QV KL

Fig. 2. Nucleotide and deduced amino acid sequences of 2.66 kb Pst1/HindIIl fragment of Z. ramigera 115SLR.

The nucleotide sequence of one strand of the DNA fragment is presented in the 5-to-3' direction. The four identified
ORFs are indicated by the deduced amino acid sequence written below the nucleotide sequence. The arrows indicate the
direction of transcription. The potentiai ribosomal binding sites are underlined.
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Fig. 3. Comparison of the deduced amino acid sequence of ORF2 and ORF3 with that of ExoV protein of R. meliloti and

GumL protein of X. campestris.

Left (ORF3-Guml.), Right (ORF2-ExoV). The sequence alignment was obtained with the BESTFIT program by using the
default parameter of gap weight (3.0) and length weight (0.1). Identity of amino acid is shown by a vertical line. Conservative
and nonconservative amino acid substitutions are indicated by one and two dots, respectively. Gaps have been introduced

to optimize alignment.
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Fig. 4. Structure of pTEXSS.

Gene is inserted into the cloning site of EcoR1 (bases 72).
The T7 RNA polymerase promoter and ribosomal binding
site are located between hases 142~164 and bases 93~
98.
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Samples were loaded onto a 12% polyacrylamide gel. Plas-
mid pTEX5S and pT7-7 vector were transcribed using T7
RNA polymerase/promoter and translated im vitro in the
presence of 355 methionine. Lane 1: marker proteins (*C
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7 vector, Lane 3. pTEX5S
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