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Expression of Pectate Lyase from Recombinant Plasmid Using Clustered Promoter Originated
from Alkali-tolerant Bacillus sp. YA-14. Hee-Kyoung Park’, Byoung-Kwon Hahm, Ju-Hyun Yu'
and Dong-Hoon Bai*. Department of Food engineering, Dankook University, Chunan 330-714,
Korea and Bioproduct Research Center Yonsei University, Seoul 120-749, Koreaq, ‘Department
of Biotechnology and Bioproduct Research Center, Yonsei University, Seoul 120-749, Koreq -
For the overproduction of pectate lyase (PL), the recombinant plasmid p12BS f1 which has strong pro-
moter from alkali-tolerent Bacillus sp. YA-14 was used. In order to overexpress the pectate lyase by
the action of overlapping strong promoter in p12BSAfl, 1.6 kb of PL. gene was inserted into p12BSAf1
to form p12BSSf1-PL and the enzyme was expressed. But decreased expression efficiency of the PL gene
was observed and it was due to the presence of the transcription terminator region on the upstream of
the PL gene. The transcription terminator of the PL gene in p12BS8f1-PL was removed and the result-
ing plasmid p12BSAfIAPL was formed. Bacillus subtilis 207-25 harboring the recombinant plasmid, p
12BSAfIAPL, revealed increased expression efficiency with chloramphenicol induction when car-86 was

used as a reporter gene.
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Plasmid®] djakia] 2 AlEEe]E AT AANA R
= LB wlx]E A}8-3}el 51, B. subtilis®] protoplast 33
z8k2] 7393 Pen assay broth(PAB, Antibiotic medi-
um 3 le(:o}oﬂfﬂ ‘Eiﬂﬁ“ A-F-AZ o], A Al R ==

ptose blaod agar base, Scott Lab. INC) 3 shul] %] o] 4]
wEsle] o, A E Aol whE pectate lyase A FA
oAl Bacillus FAFAAuRR] ]l 2xSSGuI A& ARH&-315
t}. Pectate lyase A4bd-3-¢] 7142 YC 3l R| & o]
gstolch wix|ol A7t dAEA F kanamycins
ARE-EL= vectord] £l Wt 1 mg/ml, <= 5 pg/ml
o] =x g AR8-3lgirt. Chloramphenicol< plasmid®]

Table 1. Bacterial strains and plasmids used for experiments

Strains

WA A Sof ulel 5-10 pg/mle 2 2Ashe] o, WA
AAE 7FR 3 Q1A @2 9 ASA 50 287
AL HAASEEQ 0.1 ug/mle] =8 Y7,

Plasmid DNAQ| 23| Q! Baciflus subtifis®| protoplast
transformation

E. coli2¥] plasmid DNA<S] di=3F #2]+= Ish-Horo-
wicz =(14)2] 8- H3dsle] ARl r). E coliZH
E] plasmid DNAE A& E2]317] $8|A £ minisc-
reen® (15)-% & 8} *}%ﬁ‘]-“ﬁﬂ-. B. subtilis®] proto-
plast transformation Chang¥ Cohen®] ¥ (16)2
H & 3lod ALg-3hoict,

Pectate Lyase(PL)2| & =&
PL A& FAsl7] a8l 37CAA 3R vkt
PAB <=l Qol:ﬂ"‘“é‘ 50 miet LB 4 Awl x| of] 1%(v/v) = A
AF3led 37l LA AT viokAIZl 5, 5% 3 &
Al H a}oj ,-l.]- aﬂ 8. R Ao Z ARl PL :g_-
AL Keen T(l’?)—"l] Hi of] 2} Hitachi model 200-20
spectrophotometerZ ©]-8-8}] F-338}3] o, wh-g-oH 2]
ZAe 0.5mle] 0.2M Tris-HCI(pH 8.5), 0.2 ml®] 3
mM CaCl,, 1.27 ml®] E/5-5 £t ARE-shsich
o] uk-g-olof 30 ulg FaESNT 1 mle 1%(w/v) Na-
polygalacturonic acidE 718l 4lelE §F 232 nmell A
o] FH =2 WHIE(AAL)E recorder® 7153 o,
7| €&7)5 AFESle] AR PL &4 A S AAbskd o)
PL 1 unit(U)+ 1o} A5 A 284 1 mlel] dig
ot A, W3R (AAL/min) B A elsteict. BSAE %

DFH-“. A2 gle] Bradforde] ¥E(18)el ule} Al &

F =
AL
A

Strain (GGenotype

Reference

Bacillus subtilis 207-25

rk-, mk-, amyEG7, hsrM, arol906, lys2l, leuA8, recEA

Shirozo et al.”

Bacillus subtilis DB104 his, nprR2, prEI8 AaprA3 Doi et al.”

Plasmids

Plasmids Relevent properties Reference

pPL703 promoter cloning vector {Km’, Cm’) Williams et al."”

pPL708 expression vector pPL703+0.3 kb promoter from Bacillus phage Mongkolsuk et al.'”
SPOII (Km', Cm’)

pWTI19 terminator cloning vector (Km)

p12BSAf] temporary regulation vector (Km', Cm' CRS) Yu et al."”

p12BSAf3 temporary regulation vector (Km', Cm' CRS) ’”

p12BSAf4 temporary regulation vector (Km', Cm’, CRS) ”

p12BSAfS temporary regulation vector (Km', Cm") Z

pYBP3 pPL703+pectate lyase promoter

pYPC29 pBR322+1.6 kb pelk gene from Bacillus sp. YA-14 Yu et al.””

Abbreviations : CRS, catabolite repression site; Km, kanamycin; Cm, chloramphenicol
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Chloramphenicol acetyltransferase(CAT)Q] &=

2R vliofgl PAB Fulfd & 2xSSG wiR|o] 5%
(v/v)E] A AEste] 3704 Aeuieksledct. 550 nm
o2l FAx7F 0.59 E%"ﬁ}ﬁé aff 2R3 E3)od o,
o] F 23] HEEGE & 2x88Gel 6ul B4 T 5o R
ZFleduf ekt A 550 nmellAf el 327} 0.5 =3l
o] A5 Aok £33 F A= 0.5 ml] solution |
(0.1 M Tris-HCI, pH 7.8, 1.0 M KC(Cl, 1.0 mM PMSF)
o2 AAsl] oAl FAE 2237, 0.4 mle] solution II
(0.1 M Tris-HCL pH 7.8, 0.5 mM PMSF)el] =)j&&}A]
Att, o] = ice bathWlol4] 102 7FH 22 5% B9t mi-
crotip 2.2 53] sonicationdt F- 105 &3 LA 22| 3}
3.2 AFAeB& CAT assayE HgF a4 g ALL3)
Fr=g

Spectrophotometers °©]-83F CA’
.
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< 8.8 ml® dd-H.0, 1.0 ml&] 10 uM
5mM acetyl-CoAE 3&loict o] HEZ9 ().588 ml&
sample cellell 2|1 412 nmellAY F3=E 0.0ﬂ.i
FAgE 3 2018 2EANE EF3] LAHZE
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AA,/ming ME-gol ]'&E] Cm 2]& DTNA®] <o
vje}l) 7] 2)3led extinction coefficient 13.6 25 v
o] 712 Cm#] acetylation S % (umol of Cm acetylated
/min)e} TAUdte] FF 1 umole] acetylatxon % Cm2]
ok& 1 unit(U)e] CATE vlelliglc}. BSAE 454
2 3}ed Bradford 5-(18)%] Hilol 2]s3) E}HE % ek
g % 1 oF8 mg/mlE FA8L1, 919 CAT unitE %
ul ] oFo & v}o] U/mg protein®] wH$]E zt= CAT
H] gAL-E 4231t

o > lo &

Ol

e o
ol
N
i
o
2
O |
~

qu

(i

Pectate lyase B2 LIEH= ANZE 0| MY

Ligation® DNAE B. subtilisoll #AAEg & I
A M Z A5~ 10 ug/mle] kanamyeme| #H7HE LB
H gl 2|2} 50 pg/ml FE+= 0.1 ug/ml®] chlorampheni-
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FPromoters Of{&pt Peclate lvase=| 8lH 573

cole] A7t=l LB el o) replicasted 3774 18-
24 Al7F wi okt ¥ kanamycin LH , chloramphenicol
7343 colonyE AW sReict o] 55 YC HxhlA & o]
Alsled nlefgl 2 6 N HCI-S /‘Pﬁ-ﬁ’}‘”ﬂ wieFs wiz]e] £
HE 102 e A7l £HEA-S vlep e colonyE
PL #4327} e C(}loﬂyi Aegstadct. Ad=Hs colony
ZXE plasmid DNAE A4 Eelsled Heldk & #7]
dsoll 23k FAHez PL fAHzF AAYES S8 &4l
&hodct,

Zat 3 0E

Pectate lyase
M
Overlapping promoter= ©]4-3}o] ol whizale] wt
HAEES FA7I7] A7 7|25 ZA] pectate lyase
F-AH RS- promoter?] shetell dA s At E coliell clon-
ing= Bacillus sp. YA-14 -+2H2] pectate lyase T3 A}
ofl= A}4| promoter, signal peptide, 28]
ﬂ::doﬂ aHu]-g]. ----- - 057]13]{0510] %1" 5]0{ alq. 1bkb-f] %3
Al FHAE o, o, ™7} overlapping® Qi+ AN 2§
plasmid p12BSAflell @B A717] $15ke] pYPC29Z Hind
M= degk § 71953l 1.6 kb dHE electro-
eluterg ARS-3te] 3)p3igivt, U AraanE SPOII
phage promoter7} &% pPL708% Adrtsle] ligation
A 713L B, subtilis 207-25011 FAHAFA At Pectate
lyase”} 35! AN2¥ F+F &lsly] 938k kana-
mycin 10 ug/ml, chloramphemcol 30 ug/ml7} zkzk A
7}= plateell tooth pickingdled Km resistant, Cm sen-
sitive o7& AMEslaot AME FAAPANES YO
agar ¥ gl z|ol] o]Al3}e] 3159) wi<ekgt 3~ 6 N HCl&
AH-8-8}od polygalacturonic acidE HH A A F5-2- &
At Bzl 32 AMuydsieid), AWy 2 HE
plasmid DNA& 8l3, o] & 8| {2 Rﬂﬂm
Aelslo] &lgh 7é 7 Fig. 18] A} 22 Agta4 A&
S A& 4= glel e o] 5 pPL708-PLE v slaict
2| z238} plasmid pPL708-PL-8 PstI3} Bglll= Ats)
3 1.6 kb pectate lyase #4217} -5 oF#H -8 3|53}
Ao p12BSA1S £ AP EAE FHT F liga
tionA] Ztt. Protoplast A H 2 B subtilisol] 3
AAZAT] T 2o} FAdT o s FX3= F5F
A sledn), AW A2 #5222 plasmid DNAE
wel3le] AFtEAsE #elsty o] F pl2BS f1-PLE =
W33 Fig. 1, B). AHE2§ plasmid p12BSAf1-PLoll&
overlapping 12 2)= 3702 promoter®] ol PL A
promoters $F3hT Qlo] W =Eloj2] = PL whillA o]
Afl promoterel &3+ <33k1%|, == Af1¥7} PL promo-
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Fig. 1. Schematic diagram for construction of pPL708-PL, p12BSAf1-PL and pPL703-PL.

A, pPL708-PL; B, p12BSAf1-PL; C, pPL703-PL.

ter?] W AU E vl F43171 9138le] promoter
cloning vector?! pPL703& HindlllZ 2Bwst32 1.6 kb
o} pectate lyase 1 2E ligationA A B. subtilisol]
skt 2 AEnge wel shlll A3
plasmidE pPL703-PL& =93}k (Fig. 1, C).

KZE2 plasmid(| 2|8t PL REAIC| EISiE4

AR Abe ol wbE 7t A2 FEE] M-S v
sl7] £} pPL’?()'} -PL, pPL708-PL3} pl12BSAf1-PL
S ¥ 3¥ala1 9l B subtilis 207-25% PAB sl 7| ollA] 3}
=1}

b oajeFgk & 10 ug/ml® kanamycin® 0.1% glu-

cose?} H7}E 2><E:S(x a x]ol] 6wl B AEley A8},
37°CeNA Zehljeksled A AP A R AR E FHE

ol PL &A42| w3t & Z431¢d ). Overlapping pro-
moter?) Afl, PL 32} 24l promoter(pel pro), L]
22 "]l promoter® AR2-% SPOI phage promoter$]
CAT &4l gt 2= promoter &A% =+ Table 22} 2
b, Cm& A7k 82 7% pPL703-PL-E 383 Al
Z3 | = A FARRE oFA o R ghAjo] Fohsthed
32417  viekE wj7hR] 2 v 2] & e 041:}(F1g 2,

2 23 plasmid pPL708-PLS €3 3+ pPL
703-PL¥} FAKE ks Boion} dAAes %-s%f. H]
A E vVepdigl oo (Fig. 2, B) &

promoter 4]

Table 2. CAT specific activities of B. subtilis 207-25 harbor-
ing various plasmids

CAT activity (Unit/mg of protein)

Plasmids

Not induced Induced
pPL708 0.6 3.9
pYBP3 0.5 4.2
p12BS fl 0.6 14.1

2 7H= Af16] PL 58217} Akl ¥ p12BS f1-PLE] %3S
T o F3= ] 2 PL wlEA-S- nici(Fig. 2, C).
cat-86-% A A|-H L2 5l promoter®] Cmell 23l
FEgHE v Hok-S 735 Table 29} Zo] Af12 F
wﬁ— frEEA-E Vel 2 v PLE AR AR 4RI
4% Fig. 20l|A] H= v} 7hol A& g5 0.1 pg/
mlﬁ—] Cme A7bshd & o A7bshA] -2 vk B}
< PL #AS JJehigi o, PL w42} Algdell Ex)i3t
= promoter®] #Aeo] &2 A viFdAH 7] A
&ladt}. Pectate lyase w3 AFS] 47] wid S #4931
o} initiation codon(+1)2ZHE -183¢4] -1477}X
inverted repeats(IR) sequence”’} 23}, o] FHo
AG=-30 kcal/molZ 3F4 & stem-loopE BAsled AA}
FTAFEEA AR 7 9SS 4 4 U (Fig 3).
ghek o] ¥ 3'01 AL, RHFHWHO]XPEH 233 o 9)
b Abvhel] 22 34 2] promoter?} & & Algb e A A}
B89 78 7 5 glow, 239 AFte] promo-
terol] M5B A HALA|7F o] Fxel| o]28] F4A
gk AALAE HAHA =Elu g JF2 AL HolA
¥l
AP )| 12} + 25 E-5-3H= 110 bpe] DNA =&
terminator cloning vectord! pWT18¢l odZAsle] H A}
FRAFx22M e 7VeAE AEsEdT. 78 promoter
g o7 glste] plasmid?} <A A] = AAE2HE
=t IR P = B 3 o A = R 7‘“]*'—75'%7""& A AT A
Al ZE ol 4 2| 23 plasmide] sHH A4S 871 £}
terminator A1 vector52 ?Hm“ﬁ}‘”ﬂ‘:‘r pWT19(20)L
B. subtilis 319 alkaline protease(subtilisin)®] -3
3 2L2b 6" operon®] veg promoter Akl multi clon-
ing_} site(MCS)7} &8t +F2EA] protease A& W
= Well A 733} protease BA-E Ko} MCSel| A AL
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Fig. 2. Time course of cell growth and pectate lyase production.
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The PL assay was done with or without chloramphenicol induction. The open symbols represent the absorbance at 550 nm and the clos-
ed symbols represent the specific activity of PL. 5 and W, without chloramphenicol; © and @, with chloramphenicol. A, B. subtilis
207-25 harboring pPL703-PL; B, B. subtilis 207-25 harboring pPL708-PL; C, B. subtilis 207-25 harboring p12BSAf1-PL.

zAFzgA 2Ed gl DNA wge] Alglz oA
= 739 protease A FENE] Al DNA2 ter-
minator 2412} 2H& 754l J BT 4 9l vectore|th

Table 304 ¥+ wle} 3ol PL 32F Ashe] 110
bpe] DNA whfo] Akal®l =3} plasmid pWTIe]
22185 B, subtilis DB104+ intact¥t pWT197} §hr
g F3rr} protease BAdol 70% ZAE AT o] A
2%E] computer ¥4% Bl & AASABFEIL
vivo’Fol| 4 7}&F terminator £ AHEE 4 S-S o 8l
ojor PL §4z18] vl & A&l 5= o= 82 52
shulg 2=} w4l 0.52 kb2l promoter T2 3
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Fig. 3. Potential transcription terminator sites of the PL gene
upstreamn.

A A717] $18te] o188} ¥ promoter cloning vector
o] #l}gl pPL7030 Ex8l= Cm kel 8A|=" =4
7177F AA7) o wdgk Aol A Ao, o] F-F27}
promoter2} PL A2} Abghe] HALFAFZ Atole]| &
AEL7] wWiel W PL A Aa#A-S Mol lew 55
st

TerminatorJ} HIHE! AHZEL plasmidC| A2

PL 8H=}2] Abetell &8} terminatorz &13}hed
Af1 promoteroll 4] 7HA| = A7 B-2bAsHA] FriA] =
o] p12BS f1-PLe] pPL703-PLXt} uF-&- WA G55 W
o]l Ao g Z2Z3l7, oF 110 bpell s=Fdl= terminator
sequences A& zEF plasmidd Ax3}17] $13}
PL $A2}7} 88-51 pYPC292 Hindlll¢} Xmnl o5 A
t}ale] 7)ol 58 g & 1.5 kbe] DNA &HH-3 elec-
troelution 0 2 3)5~3tsict. pPL7038] 7 ¥+ HindllI2}
blunt endZ #Ash= Hpalo 2 Axtslo] large frag-
ment2 3 $Etedct. 5 DNA sH#H-S ligationdh ¥ B.
subtilisoll AT} FAREA 7dA] £4 #F5
g abgslglon ofriA| AltAARE Hdsle] <l
) 28} plasmidS pPL703APLE = =38l ch(Fig. 4, A).

A 2% pPL703APL-S- Psts} Bgillg AHwste] PL w
AA7} o8 oG-S 3]sty FUd AgassE A
3t pPL708, pl12BSAf13} ligationA]# &4d $3}gdct.

Table 3. Action of transcription terminator region from pec-

Strain Relattve activity (%)
B. subtilis DB104 8.3
B. subtilis DB104 (pWT19) 100
B. subtilis DB104 (pWTI) 27




of'L708 A PL. .

Fig. 4. Schematic diagram for construction of pPL703APL, pPL708APL and p12BSAf1APL.

A, pPL703APL; B, pPL708APL; C, pI2BSAf1APL.

gl 7+ 10 ug/mlf’% Km, 30 pg/ml®] Cm
o] AH7Fd HhufRjof| o]AE}od Km resistant, Cm sen-
sitivedt 55 13 A& 3 0.1 pg/mle Cmel %
71l wiR| 9} H7b=ER] o2 wlR]ol| Z}z}t o] AlFled Fj

glo] 2 M 2IFFEE 23} AWdsleic), Ay 3‘;;1&131%
A2 2E] plasmid DNAE ¥2)3t3 A@dasz Exhs}

o] plasmid®] EAE Flshal o] 55 A7t PPL7085PL’
pl2BSAf1APLE. ®¥3}sicH(Fig. 4, B, C).

MZEE =0 S0 [IE PL REAR| &6

pPL703APL, pPL?OSAPL p12BSAf1APLS &H5-31
= B. subtilis 207-255 oAt ZUg v e g Fx&
s ofglt 3= AAFAefof] ulE PL A &8 S
shalct pPL7O3APL'Q* 31-0—.«{} ,(Hl‘zﬂ- ]}_w_- 2P| R}
: S Hol|&= 7l
2 33_0} terminator Xﬂﬂ‘%ﬂ]"’ﬂﬂ PL pmmratez F-2}7}

1 =59
GRS FAR A Xomlo® WY A5 A4k
N9 (4105 71502 45 bprhal AU Wz

ol essential promoter ¢ oll= £Al o} §lev} RNA poly-
merase”} DNAe -3 2§ v -55 bp 212 & ol A
8 overlapping®lvle= A ZAE Hot PL AR
-45 bp7HA| 2] ZAe] DNAS protein® A& * 3l
g Zlog FAs 4 gl pPL708APL# pl2BSAf
1APLS &3t A=A 2] 79 promoter®] &Ale] 7
A5 PL 249 w]dAde] Fridlow nlofA|7te] 7

218} ek (Fig. 5, B, C).
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Fig. 5. Time course of cell growth and pectate lyase production.
The PL assay was done with or without chloramphenicol induction. The open symbols represent the absorbance at 550 nm and the clos-
ed symbols represent the specific activity of PL. [J and B, without chloramphenicol; O and @, with chloramphenicol. A, B. subtilis
207-25 harboring pPL703APL; B, B. subtilis 207-25 harboring pPL708APL; C, B. subtifis 207-25 harboring p12BSAf1APL.
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Fig. 6. Schematic diagram for construction of p12BSAf3APL, p12BSAf4APL and p12BSAfSAPL.

A, p12BSA3APL; B, p12BSAf4APL; C, pl2BSAfSAPL.
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Fig. 7. Time course of cell growth and pectate lyase production.
The PL. assay was done with or without chloramphenicol induction. The open symbols represent the absorbance at 550 nm and the clos-
ed symbols represent the specific activity of PL. [J and M, without chloramphenicol; © and @, with chloramphenicol. A, B. subtilis
2(y7-25 harboring p12BSAf3APL; B, B. subtilis 207-25 harboring p12BSAf4APL; C, B. subtilis 207-25 harboring p12BSAfSAPL..
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