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Controlled Lysis of Lipase-Producing Recombinant E. coli
by Phage Induction
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Department of Biological Engineering, Inha University Inchon 402-751, Korea

ABSTRACT

A plasmid pTTY2, containing the lipase-producing gene, was used to transform an E. coli phage
lysogen, P90c/¢434, into the lipase-producing lysogen, P90c/¢434/pTTY2. After the overproduction of
lipase by the isopropylthio-8-D-galactoside induction, the prophage ¢434 in the chromosome of the host
cell was induced by the mitomycin C addition or ultraviolet irradiation to lyse the host cell. The opti-
mum operating conditions, such as the isopropylthio-5-D-galactoside induction period and the phage in-
duction timing, were sought for the efficient cell lysis in the same fermenter. Effective cell lysis oc-
curred at the earlier exponential growth phase with the isopropylthio-8-D-galactoside induction period
of 1 hour. The amount of the lipase production was qualitatively measured by the halo size in Luria-
Bertani agar medium containing tributyrin and Rhodamine B plate.
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= Axsy Wle s UVEAle 93 fE7]2t
oJsle] wrg|zjo} HEof A3tz ¢ (lysogeny)
phage F-AAHE WHAA AZE &8)1]7]+= phage
lysogen systemeo] 7BdEich. UVEAL Wy 5
Agh k7] WellM Z4 il H T 97 %
A71BE FAo] sty AAA fdo] H& A4
o] glc}. & AEAM B APANH L E coli
double-lysogen systemol} = ©v]AEo] T ulS-

7} W4} PB-galactosidase® AAtetadzm, 2 %
phagedl| 9fs -3 = 3ich(1).

Lipases ¢ulxo 2 %% MNE, %], 281
drefejo} Foll A3k, 71 AREe] AHpab ol2H|
25 7HEasted :"EWEJ—} ApabS ke ub
+& E33H2). Llpasei AlA, 72 8, AE
A7HA, o, Adste 5 Lgshe o AblE
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Fig. 1. Schematic representation of the synthesis
of the recombinant single lysogen and the
seaquential enzyme production and the
cell lysis.

ofoll A} F-431A) AHEHT 9lrh(2).

H AFo A= lipase FAAE T3s5t= plasmid
pTTY2%E phage lysogendl P90c/@434)] trans-
formationd}e] 2§23 phage lysogen(P90c/@p434/
pTTY2) & 7Htsbolck(3)(Fig. 1). UVEARY mi-
tomycin C #H7l= <=5 DNAE £AMA)A rec A
protein %F& —7}/‘]715} Rec A proteind &3
DNA wol) AFals]o} ol phage §-47+& %5 A
EZA W= FE33 FAl phage DNAd) 235 o]
Sl repressorg AATZH clako] phager} A
AEe) o) AES & 70ch(4, 5). IPTG(isopro-
pylthio-#-D-galactoside) +=2 pTTY2ZH¥ i
pases LT F, M34EF UVZARY mito
mycin C A7l ofsf fxgro2n HEF S84
Atk olate) g e e7] el £3bHo
2 Ry, o ANEY dAdel disted PTG
FEAH, FEAZHIPTGR §53 ¥ phage %
A1Z17HA) &9 HA LN 2N S Tkt
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Lipase® AJ4lst phaged] 93 &= A=
g phage lysogens #§43t7] 9sted dod AY
# <ke] 0.2ml 2E, 0.1ml 34, 0.03ml 1M
MgSO& A7bstr Egsisict. wfek7]el| (32°C) ol
1587 Yo% & 3ml molten agar(50°C) <k
0.03m! 1M MgS0,& Hr}sled &3Hsl9dct. Bottom
agarel] platingdta A-&d 1087 EolE £ 32T
ol wiekslgdct. 2 A3} ¥AIE turbid plaqued
#3lod Ed-= 100 SM bufferg &-83 micro-
fuge tubeel] Jo| Eg3tict. LB agar wix]of
streakinggt & 37CoA 12~164]7F wieks}o]
colony & 344421t}

Plasmid pTTY2: =23 oja4, BL21/pTTY2
£ alkaline lysis3}od 29)th(3). Competent cell
(P90c/$434)2 LB 3ml wjokoi-g- 100ml LB w#j 7|
o] AHEste] 37, 200rpm o # k7] (incubator)
o4} ODgy 0.57} S=& vfeksl £ 0.1M MgSO,&+
0.1M CaCl,& A8#@ 3 glycerolz} &3tsto] 200
10 A microfuge tubeol| £F3ko] -70°C o 234 A}
4‘13}93\\:}(3). EAH Y competent cell& 9L o)
A =<l & plasmid(pTTY2) e} £ 7= &3}
2] 942 competent cell& U2 ¢oljx] 1587} uk
2], 42°CAA 187 dA=snh oAl 48 9l
1587 Fdob7k LB agar wjx]e} LB(Amp™)
agar vl Ao 50p0 4 EF3 T Tt (spread)st
.

Bejrn)s

Az Zgaoje pTTY2: =77} 6.1kbal
pUCLY F=A2AM F42 widitel lipase §-3xl,
tac promoter, ampicillin WA #A=}, rrnB tran-
scription terminator, 1®]3 lacl7} ZR3TH(6)
(Fig. 2). Lacloll 4] A=+ repressor7} tac pro-
moterd] A 5o} ¢Jomz [PTGE 4 A4S
lipase7} A3 ®lc}h. Pseudomonas fluorescens lipase
FAE s AT A4S TR e HA
2= &= 40~45Ce]l A pHE 8.0~9.00)t}. Li-
pase FA2LE F24sle BB 37]% 1.6kbo|x2
ok&ell Eco RIZ} Pst [9] restriction site® Z+=
(6). '

HHX|

TFHEE 93 viA2= LB wAE Abgstgdn
37°C, 200rpmell 4] wieksledch. Esterases] ZAle
tributyrino} 3§-%9 LB agar = (LAT)& A}-&3}
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Fig. 2. The structure of recombinant plasmid
pTTY2.

111, lipased] 42 Rhodamine B agar w| x| &
AHgske] 37T oA wieFsldct. LB #iz|+= Bacto-
tryptone 10g, Bacto-yeast extract bg, NaCl 10g,
2545 Yol 1 liter A=3}gich LAT siA= LB
wj2le]l  0.5% (w/v) tributyring go] 1827}
sonicationgd % 1.5% (w/v) agarZ #Hrlsie] o
Tatx, 45~50°C7F ©3lS o ampicillin(50ug/
ml)& #H7lstel £F8ict. Rhodamme B w2l =
beef extract 3g, Bacto-tryptone 5g, NaCl 4g,

agar 15g, olive oil 25g, 2748 Yof 1 lterZ =t
£ g pH 72 ZAssch WaW £ Aol

60°C7F F19< 9 0.01% (w/v) Rhodamine B &
# 10ml, ampicillin(50g/ml)< A7}sted 187}
sonicationd}oict. F-7]ubgo] glold w7}z whx|gt
3 20mid EFahsch.

OptEA H MIIEES

A (P90c/#434) o] HAH3E -8 Ealslr]
sled A A7|d=g }gdtt. 5xTAE buffer:=
24.2g Tris base, 5.71ml glacial acetic acid, 10ml
0.5M EDTA(pH 8.0) 9] 4&4(1 liter) 2 & # %3}
odtt. 1XTAE buffer(50ml)e| 0.35g agarose®
Hof 2ol & g 9ol £F3t 30~402 & Ao]
Zow combg AAgk}. AFL tank buffer 4o
ol bufferg & ¢ 2~3mm7HA] H7}sk2 sample
S welld] F9dsted 3A)7F Fob A7)9EF(100V,
50mA)sth, B A7]d% A= A2 2 PI0c
/43424 P90c/P434/pTTY2, 28] size marker
Z ADNA/Hind 1 fragments& AR&-3lg3ct,
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Mitomycin C &7}oi| 25t 23H

N2 A 37C, 200rpm, 25ml LB wf ]|
A} wlekste] 5ug/mle] mitomycin CE H7lgo 2
# &8 AZd. Mitomycin C 2mge 5ml 27 &
Gl =o 400g/mlE Az ohg 0.45m9)
pore sizeE 7}% membraneo @ ojT3led WA R
#3lgdct. sioked 9mlol 4004g/ml mitomycin C&
112540 ¥} AR o2 5ug/ml mitomycin CE
Wrhahaict.

UVZAlo] 2f5t SaY

AZY ohgEe $44717] fskel 25ml LB o)
Aol AZY hEEE b obe YR 25
UV lamp(Pencil type, 254nm, 800.J/cm®-sec,
Spectroline)  250rpmeol 4 90z EF Z Ak}t
Lamp+ LB uljeflo 2HE] lem AHE AgE
A, MEY dAFY S5 = spectrophoto-
meter(600nm) & o843t & A3s}gdr}.

Lipase2| & £H

Esterases} lipaseo] #Ale zbzb LAT wjz|9}
Rhodamine B uw} =]+ #AI== halo24 &ols}
At LAT ]2} Rhodamine B wjx]o)] =&
lem A& Fo UV L3 3 941%2]5to] oy
= AAT A5, L=z e uAES
sonicationA]|#A 7 & 32 AL Ng zh7t 1008 A
EFstdnk. 37ColA 48417 vheks 3 WA
stoich. | 4E %7} ODy 054 o IPTGZ &
T3te] 4x|7ke] 2d F UVE Al

I~

EERIEE

xS CHRIRO| B

Single lysogeng #A3t7] #sto] a4 P90c
o $34% infectionA|FHom, ol 347} PY0c
of JAA Ao RM o]Fojzd. EX=
single lysogen& P90cE plating bacteria® 3}
M34% infecting phage®. ¥ plaque testol| A tur-
bid plaque& 4%k}, Single lysogen?] 34 of
= UV E mitomycin C 50 93 lysis A#
of oj& #<qlslodrt. Phage 4312 %3 mito-
mycin C2] HAAHEEE Sug/mloln, UVl AL
800 /cm?-sec?] A7]1Z 90z Eot ZA}EIlE
Az d@NE HF 5 k(L 5).

P90c/$434 8 competent cell2 w+E ¥ BL21/
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Fig. 3. Electrophoretic results of P90c/#434 and
P90c/#434/pTTY2 with pTTY2 as a stan-
dard marker. Size marker ;A DNA/Hindlll
fragments, P90c/#434 ;1 lane(sample injec-
tion: 54 ), 2 lane(104 ), 3 lane(15:4 ), P90c
/¢434/pTTY2;4 lane(5/4 ), 5 lane(104), 6
lane(15:4).

pTTY2ZHE & pTTY2E transformation 3}od
P90c/p434/pTTY2E EAstAa, o1& A79F,
LB agar ujx|2} LB(Amp*) agar ®x], 283
LAT ®{x¢} Rhodamine B ujx]& Es] #qldlead
o}, P90c/¢4349} P90c/¢a34/pTTY22EE plas-
mid £2] #HE& AF E size markerZ DNA/
Hind 1 fragmentsE A}-&3t9] 0.7% agarose gel
A4 H7GF3A}. A7)9F 2 s plasmid
band7} P90c/¢4344 A= Holz] ot& vy, PY(c
/$434/pTTY 20l & Jehdg Falstdrt(Fig. 3).
Transformation & competent cellz} A= =)
23 WA (P90c/#434/pTTY2) S LB agar i
9} LB(Amp*) agar wjx|e] 50uf & H=a}odct.
LB agar wjx]ellx] competent celle] W=3}9x,
LB(Amp*) agar szl A& 23 At 4%
e Borl. P90c/¢434/pTTY2EZRE lipased]
Aol e LAT wi#2} Rhodamine B ul =)ol A
35} oict. Esterases= LAT {2 W9} tributyrin
%, lipasex= Rhodamine B wjx] W9 olive oill&
2+7v B33l Rhodamine BujAl W 9] halo= UV
transilluminator ol 4] 3259},

Lipase2| &4
[e]
434/pTTY2E FaiAA L& Aeds)

< oSS ERHOE M e s 2R
halo& 3Ajstgde™, 2 halo size= w]53 7o 2
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—®— P90c/P434(w/o mitomycin C)
5 [~ —8— P90c/$434(w/ mitomycin C)
- — & — P90c/¢434/pTTY 2(w/ mitomycin C)

Cell Density(O. D. 600nm)

Time(hrs)

Fig. 4. Lysis of P90c/#434/pTTY2, P90c/#434 by
mitomycin C addition at time zero.

—8—0D0S5 —A—O0D15
—8—0D35 —¢—0DG6O

Cell Density(O. D. 600nm)
N

—4 L  J
4 5 6
Time(hrs)
Fig. 5. Lysis of P90c/#34/pTTY2, by the mito-
mycin C addition at time zero for various
cell densities.

e},

=5 IPTG RTA|7|2} phageol| 2/st 3HA|7|

Phageol 2|3t AZ&8E 28 SFAZ(PI0c/¢
434)E 3}A18l9lx, Fig. 494 mitomycin Coll 2
T S AEE B =FAEE HYFgE Faosgd
ot = P90c/¢434/pTTY27} &3 AIZH(90E F
(1, 5))o 481g& #2F o2 plasmid pTTY?2
7} Y5t %3 (P90c/#434) 4] transformation= )
5 gt}

Mitomycin C H7ht UVEAle) <3 o|yE &
NS Fig. 59 604 2t eluigict. Phage
of ok odubAql SsjdAe R 7+ AL YL
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0 1 2 3 4 5 6

Time(hrs)

Fig. 6. Lysis of P90c/$434/pTTY2 by the UV irra-
diation at time zero for various cell densi-
ties.

7
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Cell Density(Q. D. 600nm)

Time(hrs)

Fig. 7. Lysis of P90c/#434/pTTY2 by the mito-
mycin C addition at one hour after IPTG
induction for various cell densities.

T A2t 2% 90%0] AREHAE o el
. AEZ &0} 177] exponential growth phase ©]
ol 4 &alA dojub= 71-& phagedl] 247 &3
dubd §40g okejx Qloh(1).
A lipased] A4atE IPTG foll osted 23y
t}. Fig. 74 82 lipases A4ksl7] 98 IPTG
A7l & 1A17o] Awe o mitomycin C¢}
UVE 77t fxsle AHz2g v|dE9 $43%s
Haoth, Fig. 72 AXsxrt OD 0.5(2hr), 15
(3hr), 25(4hr)°‘ o IPTGE #Hrlsld 147} &
ol w3l A7l £ OD 1.40(3hr), 2.41(4hr), 3.30

m‘“F

o ¢ (L oofr

ﬂliﬂ.l o
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‘ IPTG induction
— @ — Controt
—®—0DO0S
—A—OD1S
—e—0D25

Cell Density(O. D. 600nm)
-

Time(hrs)
Fig. 8. Lysis of P90c/#434/pTTY2 by the UV irra-

diation at one hour after IPTG induction
for various cell densities.

l [PTG induction
5 -

—®— Control
—®—0D0S5

41 —A—O0DI1S5

—®-—-0D 235 ‘

}

Cell Density(Q. 1. 600nm)

Time(hrs)

Fig. 9. Lysis of P90c/#434/pTTY2 by the mito-
mycin C addition at two hour after IPTG
induction for various cell densities.

(5hr)ell 4] mitomycin CE A7}3lgict. Fig. 8¢ 4
£ AEZ¥E7F OD 0.5(2.5hr), 1.5(3hr), 2.5(4.
Shrydd =) IPTGE #7bste] 142§ 2dAR
% 0D 1.32(3.5hr), 2.10(4hr), 3.60(5.5hr)el|A]
UVEAL shodrt. 5 A9 2F 279 719 expo-
nential growth phaseci| 4] AZ&87} dopdg 3
A3t

IPTG #F=A|7ke] 243 n|x= E3}E Fig
9, 10(mitomycin C H7}), 11, 12(UVEAP) &4 B
Adch. Fig. 99} 11.& IPTGE #7fsto} 2417} FaF,
Fig. 105} 12& 4417 < S3A2] 9] 43743



580
8
7 b ‘ IPTG induction
— @~ Control
£ 6 —s—0DO0S
<
2 5 - —A—OQODI1S
a ——0D125
] 4
S
< 3
[a)]
& 2
1
0 I Y S B

Time(hrs)
Fig. 10. Lysis of P90c/#434/pTTY2 by the mito-
mycin C addition at four hour after
IPTG induction for various cell densities.

l IPTG induction

-
— ®-— Contro!
—®— 0D 05
—A—- Q0D 1.5
—&— 0D 30

Cell Density(Q. D. 600nm)
-

Time(hrs)
Fig. 11. Lysis of P90c/#434/pTTY2 by the UV ir-
radiation at two hours after IPTG induc-
tion for various cell densities.

< veldz g} Fig. 9= 0D 0.5, 1.5, 2.5
IPTG #%3td mitomycin CE 713 442 2%
L3 743k¢ ¥l vld, Fig. 114]4& OD 0.59 A
Solnt Al Zgs)7gFe] HEs FEEU IPTG
FTAIZke] 1217k 759} w|aste](Fig. 73 8),
fFreA7te] ALE fajAo] 4slte] IPTG H24]
Zbo] 4217k o (Fig. 102 12)& v|A4E9] 434
o] A9 et okoieh. 2y} Fig. 12014 UV
ZA} FoiE vilE T AR EAT UVl
ofsf dFE we A2 HATel S-S lipased]
249 AYE F3te galshdch(Fig. 13).
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‘ PTG induction
4 = - -®—Conrrol

-8 — 0D 0.5
A—0OD15
[ - ¢-0D2o

Cell Density(Q. D. 600nm)

Time(hrs)
Fig. 12. Lysis of P90c/¢434/pTTY2 by the UV ir-
radiation at four hours after IPTG induc-
tion for various cell densities.

Fig. 13. Lipase activity for P90/¢#434 and P90c/¢
434/pTTY2 on Rhodamine B plate.

IPTG fr=AZte] 245 AZ 87} Zadhe &
e AZLHE 9 'é & lysozyme, phaged]
slels me) S¢ A4sh) 1% AU (ololnat
o] lipase?] JJr%“Ml of o) 12 Ao #Y
& 5 itk oldfel= IPTG fEAIZe] Zes
late exponential growth phaseol Sl& vlAd& 57}
b B UV 5 el dstol ke
Folthe 4, o14% S$E7 Fobdel Mot vl o
A E-of] EH?& UV ZA}eko]it mitomycin C H7}eke]

AUA e 5& I olRE 5 7 Ao AgE
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S AMME Be ol2H, A¥A d1st A3
of g},

=3 A A¥E Edle UVEARRT mitomycin
C H7bol g Az 487} of FFAolet Ho] 4
e 5 sk 2L UVEAL 7)7hEq)
ideal mixing®] 7}go] AAR o]FojH $ o=
A3, wioFd ARl gk UVES] ATz 4
A&t ldeal mixingo} 7}3jo] APgoid, 218
UVe ekl o] 28 n|lEoA 58 d%e
o1& Zoloh, 28y f-8l& mitomycin CE H7}3}
AL upgAs 2] k7] o Foll UVZAle] o &
Aol A ZLdol gk 77} 2 ofo} gt
ool AYAAZE wFo] B} HAAA)T &g
o} lipase A Hai M, TEE AT 4
A AT | AE A2y 29, dher)e) o1

SHlollAe] A77h FaEolol & Aolr}

o r|r

2L o

ERS

Plasmid pTTY2¢) 2|3+ competent cell(P90c/¢
434)2) AT ol3}o] lipased HAstE )z
& dAF(P0c/$434/pTTY2) & sHAsdck. Li
pase 4 ZALE 93k LAT plate, Rhodamine B
plateE o] &g A4 PI0c/¢4349) A% halo
Aol ldx, PI0c/p434/pTTY29] 7% L84
7 A AsAH S5 ok ugES Bayo
2 WA de 454 ZF haloE #Asteloh
P90c/#434/pTTY 24| thdt IPTG SEAH, &%
Al7bo} ga34el ofFt mIBE Lajol m]AE e
Ao gogH oy e AE2S o)

L AHz2Y 7o £349 48l= 0Dy, 0.5~
259 %7] exponential growth phaseci4 IPTG
E $%38 %, mitomycin C #7h} UVEA}e] 2s)
o) %0} 7t}

2. Az dAF Lsle IPTG f24)171e] 1
Akl o s mpAolgler, ol fEA7te]
TS Zradte] fFEAZ| 44124 W Al
L7} o] Fol 7] e

3. Agst Weo 4 UVEALRT mitomycin C &
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717} AZ gl o Eabgolc}.

B ATER} FES AT 44T B4
of 857 AANE EE AToje] HEEH
o ot A7 Beg 7o Bere).

Z A

£ ATE 1999E BTHENEALY Ao
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