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Construction and application of plasmid-based opportunistic
autolytic bacteria based on gene lys of MS2 bacteriophage
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Abstract: [Background] Conventional prokaryotic expression of heterologous protein usually requires
ultrasonication or enzymolysis to lyse bacteria, the process of which is quite cumbersome. [Objective]
We aimed to construct a type of plasmid-based opportunistic autolytic bacteria that exploited the
lysis (lys) gene-mediated autolytic property of MS2 bacteriophage to facilitate the process of
obtaining heterologous proteins. [Methods] The gene /ys was cloned from the MS2 bacteriophage
into a recombinant expression plasmid, which was heterologously-expressed in Escherichia coli
BL21(DE3), and a novel type of plasmid-based opportunistic autolytic bacteria was generated. By
L-arabinose induction, the lytic efficiency of the above-mentioned bacteria was assessed by growth
curves and colony forming units (CFUs). Finally, the release levels of the heterologous protein were
examined by SDS-PAGE. [Results] Three strains of plasmid-based opportunistic autolytic bacteria,
pBAD-Ilys BL21(DE3), pBAD-Opti-/lys BL21(DE3), and pCDF-BAD-Opti-/ys BL21(DE3), were
constructed. Following L-arabinose induction, all three strains of plasmid-based opportunistic
autolytic bacteria achieved over 99.99% lytic efficiency. CFU data indicated that the host carrying
pCDF-BAD-Opti-lys plasmid had better lytic effect than the other two. Upon L-arabinose-induced
lysis of this host strain with heterologous expression of His-tagged enhanced green fluorescent
protein (eGFP), more than 63% of eGFP were released to the outside of the cell and a single target
protein of approximately 30 kDa was obtained directly from the culture medium by Ni-NTA.
[Conclusion] In this study, we have successfully constructed a type of /ys-mediated, plasmid-based
opportunistic autolytic bacteria, which is capable of releasing most of the cytosolic heterologous
proteins through L-arabinose-induced autolysis, simplifying the traditional process to acquire

heterologous proteins.

Keywords: MS2 bacteriophage; /ys; autolytic bacteria; protein purification
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deoxyribonucleic acid, dsDNA)ME B 4 1) 24 i 2
Wi ZHR R RG R LIE, ZRGEHN
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(single-stranded deoxyribonucleic acid, ssDNA)
FIHASEZ B R (single-stranded ribonucleic acid,
ssRNA) ) /N 5. 5% ¥ FiR (single-stranded nucleic
acid, ssNA)ERIAFTH, &% ARG R4t — -5
— R, W ssDNA WER 1A 0X174 41y
E JEH | ssRNA WK QB gafdfy 42 JE A
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B A2 5 D o 255 A PG Al Ak 12
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HAMEE FTETE R IA IR AR AR A AR
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BLH AT 3R B R

U ARER

1.1 M
1.1.1  ERFRR

pBAD-HisA Jiiki ., pCDF-BAD-HisA Jiifi
(ori: CloDF13), pET28a-eGFP Jii k4 [ A5k
¥ %= gkl s KIAFTF B DHSa Al BL21(DE3)&3%
UMW T R R AR RA .
1.1.2 EZ RTINS

WY Neo 1. Hind 11 #1 T4 DNA ligase,
) TR (RE)A BR A ] Ni-IDA-Sefinose TM
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MUK 2 D Re g, FRBC R
Al EPVERSERAE, DR SRR A A R
Al o, BRI PR A F
1.2 FHE
1.2.1 REFAEMBENBEEZHEARNLE

$ii8 1k Neo 1H1 Hind T XUEGEYIRY s FEA
TEfEF| pBAD-HisA 4K FIFHFATIIN S, &
Dy 36 Ik E A 1) B2 2R 440 pBAD-lys (%4
FyitE, AmpH),

TE Iys SEF I IERE b, AR KA AT R 1 3505
T RS, A TAY TR(E
B AT FRAE AR T Opti-lys FEH, ZIEH
BB keS| puCST #Hilk b, Foh pUCST-
Opti-lys Jfiki., pBAD-HisA, pCDF-BAD-HisA
Hl pUC57-Opti-lys iR ] Neo 1H§H1 Hind 111
Mg R4 T XUEE T, WD) =Wl T4 DNA ligase
EE, AL ARG DHSa 2840,
i 16 BH PR v B IF SE AT I Y, 2000 3 06 IE I i
1) H 20 B4 530 i 45 pBAD-Opti-lys (2Nt
P£, Amp")Hl pCDF-BAD-Opti-Iys (4% % % #1
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P, Sm’),

#J5ki pBAD-lys. pBAD-Opti-Iys Fil pCDF-
BAD-Opti-lys 73 5546 2 K #F1& BL21(DE3)
JRSZ A UM, BRECPH M v B )5 15 2 pBAD-lys
BL21(DE3) . pBAD-Opti-lys BL21(DE3) i
pCDF-BAD-Opti-lys BL21(DE3)i% 3 ik 7
FAFHEEH
122 RWNBEZHBEBEHBYUENNE

S350 1 mL A Y R BY 25 A T
TR B 35 40 1P TR TR 4 B T B AR N P AR R
FHHER S0 pg/mL., #EER 50 pg/mL)H 2 i
50 mL LB ARG FHEEH, 37 °C. 185 t/min 4k
LeEgR 2.5 h 5, RS 2 W, TR R
Koy, WEOSXBAMOS LKA, @F
SCHG ALK TE R 0. 2% BT R, OF
X B2 I A SR RR I K TR 58 1K, 7E 37 °C.
185 r/min #53%, 73T 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 3.5, 4.0 h MEF M ODgoo, VhZALfH
IR A R AR BR . ODgoo AR, 23l AR Kt £k
Bl 43T 1. 2. 3 h B 100 pL B R B s
MR SR URATEAR, WK H UL A B VE A K
oL, HHREIEIERAAL(CFU), FFitaE 3 Fs
RIS BV TR 5, ITREAKN .
SR (%)= 1—(SE IR AL /X BE4)]x 100,

123 A RIREWMAI{EPEX pCDF-BAD-
Opti-lys BL21(DE3)4 4 89 524

eI 122 5k, o Al AW E
0.2% . 0.02%F1 0.002% F¥) B 741 4% % pCDE-
BAD-Opti-lys BL21(DE3)#E47Ti%A S84, £HIAR
[ EHS T pCDF-BAD-Opti-lys BL21(DE3)f

AR 2
124 BRRHBZHBRENFSRIEMBEA

eGFP FE A4

¥ pET28a-eGFP Jii i %% 1k 2 F A ¥ 1
pCDFE-BAD-Opti-lys BL21(DE3)H, &kt ik,
WHEC 1 mL B REEF T & A PR R (&R

H 8% 50 pg/mL 555 FR 50 pg/mL)AY 50 mL LB
WA SR, AP 2, 37°C. 185 v/min K537
% ODgoo 4 0.1-0.3 J5, IIAZMKEEH 0.1 mmol/L
) 5 N 3 -B-D- i A8 2L 17 (Isopropyl-beta-D-
thiogalactopyranoside, IPTG), 37 °C 'S %ik
% ODgop N 0.2-0.6 J7, TRAT 2 MW, 10
B4, B DI A 2R B R 0.2% [ BT
PO, N U XTI, 37 °CYkLlds 3%,
A F 1. 2. 3 hMXERE M ODgoo, Kl B 7%
%Kik eGFP J&, BUHAHEs S 240 m E 1500 .
S BT RAA S T RIk 1. 20 3 h ERA
W, 4°C. 4000 r/min &.0> 10 min 7, %4
TH A, FAMBCT mL K bR (RRE 3 s,
5 3 s, 3£ 5 min), 4 °C. 1 2000 r/min Z.0>
2 min J51RAF FIHWR B, MIRAREET 4 °C.
4 000 r/min &.0> 10 min 5, #7F B C. 251
100 pL FIEW, 7ERUR K 488 nm, K4}
P 510 nm 95514 T Kzl eGFP 28 65, IF
RN eGFP MBHCR, AN BK
K (%)=SLI0 4 EiE T eGFP ¢ G /5256 20
W5 F iR eGFP 26638 <100,
1.2.5 Ni-NTA 4i{t eGFP & H

W44 F YT pCDF-BAD-Opti-Iys BL21(DE3)
PRI 3 h RIS T 4 °C. 4 000 r/min
B0 10 min, YA BLLDJE I EIER(EE A), #
FH0.22 pm — WA S IERR L UE BV A, 7EVER
il 1% 1 mol/L Tris-HCI % ¥ (pH 8.0)#
300 mmol/L NaCl i & aifb#E 4 . FH 2 %
Ni-NTA {AF{f4 Binding Buffer (1% 1 mol/L
Tris-HCl ¥ W (pH 8.0) -5 HE 7, Fa il i ok
0.5 mL/min CKHE 1-2 s —i), MIAZELEE S,
FH 2 f% Ni-NTA {£F{) Washing Buffer (1%
pH 8.0 ) 1 mol/L Tris-HCL ¥, 20 mmol/L
imidazole, 300 mmol/L NaCl)PEMiZ®&E 1, M
Elution Buffer (1% pH 8.0 % 1 mol/L Tris-HCL %
W, 200 mmol/L imidazole, 300 mmol/L NaCl)
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FIH Neo 1F1 Hind T Xt Iys F R AR 8 K
[ Y R - SR AL S B Opti-lys BE A
HATEY), HR RIS I Iys JEH Y Opti-lys &

A

pCDF-BAD-Opti-lys
3953 bp

1 FRIAEARE AL ENE
Opti-lys JFk: 3%
Figure 1

(K] 72 % 3] ik pBAD-HisA F1 pCDF-BAD- HisA
(LR HE#R AR L, TRt TAY TR
i) sl E/NEIR DS i N N i TR R (N
Fii7, lys B¢ Opti-Iys IR B BTRCAFOHE IS 3l
¥, pBAD-Iys Fll pPBAD-Opti-lys #i1 ColE1 &2 il
F, pCDF-BAD-Opti-lys 7 CloDF13 & 1l ¥+ .
¥ FaR 3 FhETRLE A KA R BL21(DE3)3K 1S
ORI S5 B S TR

Ncol(317)

A: pBAD-lys FikiEli%; B: pBAD-Opti-lys [fiki[&lit; C: pCDF-BAD-

Plasmid diagram of expression vectors. A: Plasmid diagram of pBAD-Iys; B: Plasmid diagram of

pBAD-Opti-lys; C: Plasmid diagram of pCDF-BAD-Opti-/ys.
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22 FRNBRHFEAENRBYER

555 G R TR) 2% 38 R TS WS N 15 50 1Y
H % I K %P # BL21(DE3) (CK 4, &
1o BT AP (AR T R 0.2%)E S 0.5 h JF R H
% W pBAD-Iys BL21(DE3) . pBAD-Opti-lys
BL21(DE3)#1 pCDF-BAD-Opti-lys BL21(DE3)
B ODgoo YU F FE(K 2), W EETE, JF
IR, AR T RS, mE
TEFTRAARE (R 0.2%)iES 1. 2. 3 h )5
) CFU/100 pL 485 TR, 2ES5 R
99.99%) |-, H:H, pCDF-BAD-Opti-lys BL21
(DE3)#1%{ F pBAD-Ilys BL21(DE3)#il pBAD-
Opti-lys BL21(DE3)IM & , Z4ff1E E MR T B
FEEFE 1.

A 20

1.5}F

-~ CK

SRR
Q - pBAD-lys

0.5+

0.0

0 1 2 3 4

-o- CK
-# pCDF-BAD-Opti-lys

OD()()()
(=)

t (h)

2 FRERESSRNEFZGBAERE 0-4 h BEKEL

23 AREKEMKAHEIFESH pCDF-
BAD-Opti-lys BL21(DE3)4E 1< ph 2%

5 CK 4L, AL R 0.2%., 0.02%
M 0.002% F BT HLAAKEFE T 0.5 h J§, pCDF-
BAD-Opti-lys BL21(DE3)f) ODgoo 33 Hi FLHH i
TR, BCRFEAAHF (B 3). 22 BN [R] kB 114 B
FIAABE (LW E N 0.2% . 0.02%F1 0.002%) %t
pCDF-BAD-Opti-lys BL21(DE3) )it ki % 45 1k A
TS A AR N T
24 % BB ®E pCDF-BAD-Opti-lys
BL21(DE3)F E4H R B KK EH (eGFP)HY
2.4.1 BEA EGFP BHAVAN

58 MR Rk AR TR I S e A

20

1.5+
- -~ CK
Q‘:’ 1.0 -& pBAD-Opti-lys
Q

0.5

0.0

A: pBAD-lys BL21(DE3)4: K ifi

Z; B: pBAD-Opti-lys BL21(DE3)4: &K liZk; C: pCDF-BAD-Opti-lys BL21(DE3)4: K i £k
Figure 2 Growth curves of L-arabinose induced plasmid-mediated opportunistic autolyzed bacteria lysed
from 0—4 h. A: Growth curves of pPBAD-Ilys BL21(DE3); B: Growth curves of pBAD-Opti-/ys BL21(DE3);

C: Growth curves of pCDF-BAD-Opti-/ys BL21(DE3).
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Table 1

Splitting action of L-arabinose induced plasmid-mediated opportunistic autolyzed bacteria (n=3)

Time pBAD-Iys BL21(DE3)

pBAD-Opti-lys BL21(DE3)

pCDF-BAD-Opti-lys BL21(DE3)

(h) CK 0.2% Lysis CK 0.2% Lysis CK 0.2% Lysis
L-arabinose rate (%) L-arabinose rate (%) L-arabinose  rate (%)

1 (2.03£0.50) (2.04+0.80) 99.99  (3.53£0.26)  (4.26£0.24) 99.99  (1.08+0.18) (1.24+£0.49)  99.99
x10° x10% x10" x10%" x10" x10%"

2 (1.95+£0.04) (3.60+1.18) 99.99  (3.39+£0.86)  (5.46+0.13) 99.99  (2.04+0.08) (2.32£0.93)  99.99
x10"° x10°" x10" x10%" x10" x10%"

3 (4.58+0.38)  (1.00+£0.10) 99.99  (1.72+0.52)  (5.10+£0.50) 99.99  (1.92+0.48) (1.70+£0.72)  99.99
x10" x10°" x10"! x10°" x10"! x10°"

Note: *: P<0.05; ™" P<0.01.
20

1.5}

-&- CK
- (0.2% L-arabinose
—4— 0.02% L-arabinose
0.002% L-arabinose

1.0+
4

0.5}

Q
S

00 1 1 1 1 1
0
t(h)

3 AREIREMAAYEST pCDF-BAD-Opti-lys
BL21(DE3)4% K A9 201
Figure 3 Effects of varying L-arabinose

concentrations on the growth of pCDF-BAD-
Opti-lys BL21 (DE3).

VBRI AT E BL21(DE3) (CK ) L, in AR
FIAOBE(LYRE R 02%)i5%S 1. 2. 3 h 5,

pCDF-BAD-Opti-Iys BL21(DE3) i #h 15 7 %
eGFP 2t B A fin(P<0.01), T H M\ 18 ML
PR R 15 35 HE P Y e GFP BREIICRAT 51 M 44.75%

59.42%H1 63.47% (3% 2). XuiwIH £ T pCDF-
BAD-Opti-lys BL21(DE3)&E W% 15 bl 7411 8% 119 175
T AR, BHOLRANRBENINEEA.
24.2 MSMEFED EGFP EHMAL

7t pCDF-BAD-Opti-lys BL21(DE3)H1 ik
HMEEE T eGFP, JIMABTHAIHES 3h 5, #
FH Ni-NTA X} & 35 ) eGFP #H474lifk .
WE 4 fin, 5 CKAGKE 4. 7, WAMASLT
7E eGFP AR IR)H L, IABTRAANESE S5
1. 3h Wl BiEh S R B mekE 5. 8),
YN R EE Y eGFP A RIB N
—HkiE 6. 9, MBEZE 1/2), 5E 2 MR~
. Ni-NTA XA S 24% 3 h PR T
gk, iR R kGO EBE, SDS-PAGE
WK%y 30 kDa, AJ LI N H A RIKH eGFP,
X R W] 2 3 BT R A 5 5 )5 . pCDF-BAD-
Opti-lys BL21(DE3)REMS 2/ 15 LR eGFP,
i H. 4Lt H 9 11 eGFP,

# 2 pCDF-BAD-Opti-lys BL21(DE3) & R I A TE 3 eGFP (pET28a-eGFP)AY S 58 E
Table 2 Fluorescence intensity of eGFP released by host after pPCDF-BAD-Opti-/ys BL21(DE3) lysis (n=3)

Time (h) CK Induced by 0.2% L-arabinose Target protein release rate (%)
Supernatant Supernatant ultrasonication

1 1.66+0.07 78.16+0.02"" 174.66+0.49 4475

2 4.70+0.17 130.16+1.96™"" 219.06+0.54 59.42

3 8.56+0.11 149.56+0.81°""" 235.66+0.16 63.47

Note: ™ P<0.01.
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ppE——t—
L TES
30 S S = =
»-wil

b,

E 4 pCDF-BAD-Opti-lys BL21(DE3)Ei&EF
B eGFP FRIES54k 1. LIPTGER; 2.
IPTG#5S 1.5h; 3: Ni-NTA 4ifbj5ny Fif; 4:
KA HAAREE S 2% 1 h i B3 5. FThifApE
(BT 0.2%) 5 F20% 1 h i F3E; 6. Falhiffks
(ZHTE 0.2%)iFEF 2% 1 h HASE A BE S F
HEREE1/2); 7. RAPTRAAENE S 2% 3 h il
A 8 BRI (AR 0.2%)i5 224 3 h 1Y
A 90 BRI (AR EE 0.2%)15 3 24#% 3 h &
B BRI EE R E 1/2)

Figure 4 Expression and purification of eGFP in

pCDF-BAD-Opti-lys BL21(DE3) autolyzed bacteria.

Lane 1: Mycelium of pCDF-BAD-Opti-lys
BL21(DE3) before IPTG induction; Lane 2:
Mycelium of pCDF-BAD-Opti-/ys BL21(DE3) after
IPTG inducting 1.5 h; Lane 3: L-arabinose induced
pCDF-BAD-Opti-lys BL21(DE3) lysis for 3 h after
the supernatant of the medium purified by Ni-NTA;
Lane 4: Medium supernatant of pCDF-BAD-Opti-
lys BL21(DE3) cultured for 1 h without L-arabinose
induction; Lane 5: Medium supernatant after 1 h of
pCDF-BAD-Opti-lys BL21(DE3) lysis induced by
L-arabinose (final concentration 0.2%); Lane 6:
Supernatant of mycelium of pCDF-BAD-Opti-/ys
BL21(DE3) after 1 h of L-arabinose induction after
ultrasonic fragmentation; Lane 7: Medium supernatant
of pCDF-BAD-Opti-lys BL21(DE3) cultured for 3 h
without L-arabinose induction; Lane 8: Medium
supernatant after 3 h of pCDF-BAD-Opti-lys
BL21(DE3) lysis induced by L-arabinose (final
concentration 0.2%); Lane 9: Supernatant of
mycelium of pCDF-BAD-Opti-lys BL21(DE3) after
3 h of L-arabinose induction after ultrasonic
fragmentation

3 Wi

ABIFFEIET MS2 W TR AR Lys HE DR X 1 32 ) 2

fi#GE )1, ME T pBAD-Iys BL21(DE3). pBAD-
Opti-lys BL21(DE3) #I pCDF-BAD-Opti-Iys
BL21(DE3)iX 3 Fpmrki AU F BV, 1@t b
PSS s R EE, BIABREMNA
VR, JRXE 3 RlTORI A1 F I R A0 SR AL
RPEATIRE, S5 R R = F Y HA 99.99%L |
FIZLR R FEIEIERt b, X S50 B R AATRE Y
i VR B JEAT T 8E—25 19 438, UE BH B R A1
R A N TS A e S (S ]
WFFE 4 2 05 1 D 4 1 X 2 1 2Rk L
(IR, AEIE L tRNA 16 FIFKE F ks & H
F B TR, ORI P 2 A0 e A A AL
il BE % I PR B 1 A Y s FEAR BRI Y H
Vo R AL R L R A, AR K AT TR R Y il
A, X Iys FEHEBEAT T, WA T
Opti-lys B:[H, A5 R LIS 19 Opti-Tys FEH
XI5 L BRBCRAE T bys SR [HIE, TR
il =[] A 2 AR A A2 s A A 2 IR T A Y 3
G, DT SO AE A2 B IR AN B A R
ik BRERE, JEFARFITEMA IS,
R, ASHFZE8 MS2 WA FR i Iys FE D8 50
ARG G FRAB A b, (15 550 Bk
1 ERENE 51 Sk i Z R R pET R 51 2k
FES, e VAR S Bk R, A
AF 5 A DA A e 1R 2 3t T — ol i 14 B 7 4 19
Be, MANIEER U RAZ R R AL TR 1 LK
R T RE I EE A R 1 R Ak R SRR TR M
BHRUET B, W i — 2B 058 Iys SRR
FA K BABT R 250 9 Tk B8 T SLAth

TR SR T TORE TR S5 A T TR G S
b, AW A A ) pCDF-BAD-Opti-lys
BL21(DE3)%i5 eGFP [, JFaUINMHEAMEE
FRIEFARBOFAAL T eGFP &, i HAMNE
B AN FEARTE e 3V B ) 240 o X TIE B
FIRSM AR R B I EE SR alifh &
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HE AW T RIEAATI . SR, SCgs Rk
B 5 e ik S, mMELIE R AR E R
BRSNS FER P ELAEAIFATS, B
BEMAM 63.00%4 47, HIEHERES lys 5K
RIS A DG . Bys U 3540 18 B H BLAL
ARG, BRNEY), B 2ME F 2w
BCRE R, WRIE R, Rk, S iR
JrEAHRE, Iys BfRIE FIEATE S, FEGE
SEARIKRNEOANRET BB R,
R AR B e S £ N . A WFFEE X @X 174 W
REF I E AT I EHE, Mmisgam T HE
PR, 275 BES I i X AR AR 5T A 2 2 [
lys PEATFERIEEHE, DT 4 i L0 1R 0O 0 5
B —H Y, SRimBA IR, B

F 1A 5 B [R) A 40T 285 R0 SR 4R 1 2R T i
JREERE BT DL 56 AR S e R, R
% 38 2 — P 2L BRI 1 Ty = MR EE A
Bl B I 200 0 S T D S A R A I, AT 7 A
B, AR Aok DNA R
BB Re T PE, T Lys 5 DR s i) 2400 2R (w4
AT BE T 5 X R R B P20 b, AR
R IET Lys FEDN B ORI 2514 9 7 1
AR IR BN T R T LR R3S 5 DNA B
M ElE Pk, RS HA X —IRe, 2
— LR A TR UE

4 Hip

ARAFFEFET MS2 WER R Iys FEFYEE T
pBAD-Iys BL21(DE3), pBAD-Opti-lys BL21(DE3)
F1 pCDF-BAD-Opti-lys BL21(DE3)i% 3 Fi ik
RIZME A, A HREERT R 5 S 1E
FH AR #E N, 2RCEAIREIR T 99.99%
LI b, T HAGARE B Opti-Tys BEDRIXS 15 22 #%
ROREAL . BFIHI{AHE %S pCDF-BAD-Opti-lIys
BL21(DE3) i 2L fift RE A HL N 29 63.00% LA 1Y

eGFP i AR B H IR I p, SRR A2 AT AL Al B
P REFR I alifk eGFP, fRifk T 15 G MEE H
AR o
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