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Secretory Overexpression of f-Agarase in Bacillus subtilis and Antibacterial Activity of Enzymatic
Products. Min-Kyung Jang, OK Hee Lee, Ki Hwan Yoo, Dong-Geun Lee and Sang-Hyeon Lee*.
Department of Bioscience and Biotechnology, College of Engineering, Silla University, Busan 617-736, Korea
- The gene for B-agarase of an Agarivorans sp. JA-1 was expressed in Bacillus subtilis DB104, 168 and
ISW1214 strains for mass-production. Among 3 host strains, B. subtilis ISW1214 secreted the highest
amount of recombinant f-agarase with a specific activity of 201 U/mg and 360 mg of protein into
culture broth. This was approximately 130-fold higher than the production in E. coli as an expression
host. Recombinant enzyme produced neoagarooligosaccharides such as neoagarohexaose, neo-
agarotetraose, and neoagarobiose from agar. Produced neoagarooligosaccharides showed antibacterial
activities against gram-negative E. coli and gram-positive B. subtilis at a concentration of 1.5%. These
data suggest that neoagarooligosaccharides could be an useful preservative for food industry.

Key words :
M OB

§H3(agar) galactosed] FFA = F 70%9] agaroses}
30% ] agaropectin® & FAE o Y& tEFHo|H TRF 9
AZH el ERFTH3]. FHE olo]AaY Ax S NEA
Aol Yo} HHEE AEHI glow Abgo] A8 4 Q=
gfolold thelo]E A% 5o Aug 3y o5 9
oH2.

p-agarase (EC 3.2.1.81)= agaroseS Eajste] 7
Ao} P aAH(8I], WAGA aRl6], v AH(7] Fo
7154 neoagarooligosaccharidesE AAHg 4= gl
ok ARIE7EAQ] 3 Q) ©ertZE o] u)9) f-agarase B3
AEL TRIIMA 2REA AFAY, FFENY, A
# T 9 AHEE 5 gleng g4 o] Wl fagarase
TS 1o} pagarased] FYAS Fito] FHS 4
EE s 157X 244 2] 7H5E Ao' )
e} o]H3 o]FE p-agaraseS A3t 73] I B
17t A& 02 o]FolA 1 Yri5,11-13]. E Ao Me
AFE A% NEA pagaraseE A 3HE Agarivorans
sp. JA-1& E838921[13], p-agarase F+AXE F2Y3}
I AT S8 o83t wjdkAo) M 560 U/l (specific ac-
tivity 1.9 U/mg)¢] p-agarase AAHS B3k up Qoh11].
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ZAE 4, competence '2E T 50| o] vt Bo]
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2 Bulghe 540] o] ARy gl de] 4gA At 9l
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E. coli DHb50. (F" supE44 hsdS20 recA13 ara-14 proA2 lacY1
galK2 rpsL20 xyl-5 mil-1 leuB6 thi-1)E cloning®] &F & A}
23t t}. B. subtilis DB104 (his, nprR2, nprE18, aprE A3) 2
B. subtilis ISW1214 (hsrM, leuA8, metB5; Tets)e (F)ufol L
2 B 2 (BioLeaders, Daejeon, Korea)olx] Zopitgromn, B,
subtilis 168 (ATCC 33234, KCTC 217)3} ¥7 Hd<F=2
et FFE9 Wee 37°C (250 rpm)o) A Luria -
Bertani (LB) broth (Difco, USA)E o}-&3 %1, B ot
B2 1 ml 100 pg ampicillin 32 10 pg kanamycing 3

7t

B-Agarase FHXIC| B. subtilistiMl =H|Lsl

EFot2n= DNA 3-8 H 33 4o 2ARESH 7|
{2 Sambrook F[14]2] WS wstch. Agarivorans sp.
JA-12] B-agarase A4 FE-& $3} template DNAE 94
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B8 pGEMTe-A_sp_b-agaEl1 Z&}2n= DNAE o] 43}
S TH11]. A_sp_b-agaE8-F (5-GAATTCCATATGGCTGCTA
CCTTAGTCACCTC-3, EcoRI-Ndel sites underlined)9}
A_sp_b-agaE7-R (5-GGATCCTACTCGAGCACTTTACGAC
GTCTTAG-3, BamHI-Xhol sites underlined)E primerZ A}
§-3}o] Pyrobest DNA polymerase (Takara Bio Inc., Otsu,
Japan)2 FZ g F pGEM-T Easy vector (Promega, WI,
USA)dl| ligationAl#] pGEMTe-A_sp_b-agaF875 A} &}al %
3, o]& A& EcoRIF BamHIZ 223l A 2.9-kb
o] p-agarase A ©W-E B. subtilis LHWEQ pLip
(BioLeaders, Daejeon, Korea)ol] 4+¢1A1#A pLip-A_sp_b-aga
E875 A Zstdch AzE A2y DNASL Adas 43
o % BA 2 97149 $4E Fajo e 374
9 B. subtilis straing S pLip-A_sp_b-agaE872 A
AR ©]E & kanamycin (10 pg/ml)o] H7}¥ 4 ml LB
o4 AFNFEC, 250 tpmysATh. MFA o2 R 2}
Zt'5,7,9, 11 Ake] Ad F wjgdg AFste 48
(5,000 xg, 5 min)& PF3tRoH, FFAE Hao FHAE
2 AHg-skgiTh

pLip-A_sp_b-agaE87% 7}A|= B. subtilis ISW1214Z ka-
namycin (10 pg/ml)o] 7} LB 1 16]A] 9A]2H5 < R Ehy)
HETC, 250 rpm)3H R, ekl A A she] 24 (5,000
xg, 5 min)E 3k AFAN FHEY pagarase:=
Centriprep Ultracel YM-10 (Millipore, Billerica, MA, USA)
< o83t F53A 50 mM Tris/HCl (pH 74) &34
g& o] 83ted FHE P F LY ALANRE AHS3)
Aot g9 JHFe BCA protein assay reagent (Pierce
Biotechnology, Rockford, IL, USA)E o]&3lo] a&llw,
bovine serum albuming ¥ FEZZ o]&3 Y}

SDS-PAGE

SDS-PAGE=  11% polyacrylamide gel-g o] &3}
Laemmlis] 9402 HaIQTHI0. F2E4E 527 Bl
F geld] FU3A 3 coomassie brilliant blue R-250 (Bio-
Rad, USA)o.2 @4g ¥ 2aaigch

p-agarase EM =X

AR mhe §HAEQ $999 2L Somogy-
Nelsong] .2 A A)3}c}H15]. §4-L 50 mM TAPS g4
9 (pH 7.8, 1 mM NaCl, 1 mM CaCly)9] 02 % (w/v) u]&
2 =2 Fo Az3E p-agaraseES F71sle] 50°Col 4] 305
ZF A AT S48 0.5 mio) 2.0 ml¢] Somogy Aok
(10% CuSOs 80 ml, IN NaOH 100 ml, Na,SO; 180 g
Na,HPO, - 12H,0 71 g, C;H,OsKNa - 4H,O 40 g per dH,0
11)& FA7hste] ¥h3-& FAA7)12 1087 BA0 Ao
Wzhe 8ol arseno-molybdate A %F-& H7}at1 14,000 xg

ol A 587 AR A5 FHFEE 510 nmo A 3
sttt SrHE 549 F4L 129 1 pmoled] galactose
£ A Ye 549 48 1 witZ HY3H L galactose
(Sigma, MO, USA)E o] &3t ZEZHAHIZAE AAsA

EoljAE] M

35 g& 50 mM TAPS ¢=49 (pH 7.8, 1 mM
NaCl, 1 mM CaCly) 665 mlo] 231 90°Col| A 1027t 7td &
% 50°C7HA) WA 7T, @R 1g F ARE 54 03 US
H7Vete] 24 A AR o] % dH 1g T ARFEL
20 UE F7}star 45°Col A 24 A|zk F7} wEA AT

U Y

ro ok

BIEEAES] TLC &4

B-agaraseo] 9]¢ HRF4E L thinlayer chromatog-
raphy (TLO)& #9138l cH11]. 4K IAES silica gel 60
TLC plates (Merck, Darmstadt, Germany)o]A] n-buta-
nol/acetic acid/H,O (2:1:1, v/v/v)E AN EdAe g ALE-3)
of AANAALBA] 10% FAHE-AS Bl 80°CellA 7}E
o] 7pNEElg T K822 neoagarohexaose (Sigma),
neoagarotetraose (V-Labs Inc., St. Covington, LA, USA),
D-galactose (Sigma)E A&l T

gl 53

B. subtilis®} E. coliE z}Z} 50 ml LB A wj Ao} HE3}
o Z 4L F 10 m¥ §531 SHRAIES 0, 0.75
15% "l &2 22 718kt o] 37°C, 250 rpm .2 %k
A 2, 4, 6 A7HH AREE AFHS EFFE=AZ 600
nmol A FFALE SAHst AFIES vlas g

27 9 &

URSF0 ME YUEHAA H2

WHL2Z ALS-H B. subtilis 168, DB104, ISW12149] 37}
TFoA W FAIE R Kol p-agarase ¥ F& Fig. 1
yebdith B. subtilis R AEA 7} HA+ele p-agarase?)
AL 109 kDao.2 (Fig. 1) thgdolr 4" A} 11]
A3 Aoz Yehgt) 168 T wld 9AIZE Fol] AZ
47 #FEY oy DB104¢}t ISW1214 73+ vl 74
t 3RY ArFaA7} BEHQYG (Fig 1). [SWI214 75
AA HjF 9AZtY] HRLAFS YEYong dExFE
B. subtilis ISW1214 @55 A€t H ). E. coli BL21(DE3)E
BHASFTZ A Ao BulAdbe] HA go} Alxuld
< 7Y dAdsERE AR S AA 5F
B s ol sl whslfil], B. subtilisE® W¥ &3
A g Ay g Eulse vl 4

AAEY AZ7} L8 AoZ U

o fr 2
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Fig. 1. Expression pattern of recombinant p-agarase by culture
tfimes from B. subtilis strain 168, DB104 and ISW1214
cells harboring pLip-A_sp-b-agaE87. The arrow in-
dicates the position of f-agarase. Lane M is size marker.

gk

B. subtilis ISW12142 w8422 AL&3le] 119 u]xo)
A AT Wk 5, A2 fagaraseE EFEHE HIXE 20
mM Tris-HCl (pH 74) buffer® E43l3 5330 9o &
288 SDSPAGESIA SISkt 1 A, sjokale) &
A2 5N o 2 109 kDag] p-agarased)] 3 33s}= &
3 &Y bandE AL 4 Aok AMLS AT 5 YA
(Fig. 2). o] 2ZAdAM AtE F DA FL 360 mg/l,
ABA4L 52460 U/l HIBA & 201 U/mgo] itk & A7
EYT pagaraseE E. coli BL2I(DE3)o) A A3 A&
[11]¢F viwstd & G484 oF 90u), B1BAL ok 100u)
3718 o2 Jegth Ohta F[12]& Agarivarans sp.
JAMB-AT1 #-#39) B-agarase F+HAZ B. subtilis T30 A
FEAA & 9Hd 1662 mg/LE AN HAT WFY S
08 U/mg= JVetyth o] 7SS vus|id £ G484
2 Ohta S[12)9) QA7 AZNA o 27 hebdA s, wg
o Ate B AFERNN 9 24 Uehdorng 23 g
AR SANEE A% 27 F]0 Farl € & e 47
2} ST B. subtilis R72 o] 8% AXTEAY UL o
EREo g A2 glo] e E4E YT & Ydde
AF6] AT HEY HA12]S € 4 9t} Ohta $[12]

e gy
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Fig. 2. SDS-PAGE of dialyzed and concentrated B-agarase
from B. subtilis strain ISW1214 cells harboring pLip-
A_sp-b-agaE87. Lane M, size marker, lane P, pro-
duced enzyme. The arrow indicates the position of B-
agarase.
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& Agarivorans 49) AE3N Ao th& R} A &
o1 Z B, subtilis 755 o] &3 f-agarase®] A4ko] ¢k}
EAo|g1 LEReTA< 1 A

SHBHAEO] MM

zﬂ 3t p-agaraseZ &7 (agar)S Eajsle] dojA H3f J
E¢l necagarooligosaccharidesE TLCE v“_"@.fﬂ A43}E Fi
3°ﬂ vetdoh Az B-agarasei #HE a3 A3t neo-

agarobiose, neoagarotetraose % neoagarohexaos e 52 X3
3]+= neoagarooligosaccharidesE AJ4+g 4= 9] U th(Fig. 3).
gutxg o7 p-agarases 2335l neo-
agarobiose, neoagarotetraose, neoagarohexaose %9 neo-
agarooligosaccharideZ AJ4tst= A0 2 W uHYY14] &
& agaroses} agaropectin®. 2 T4 5o $]oj[3] p-agarase
7} agaropecting- 38 & 1= A M| glof S 71F
2 AHg3hd 71548 71 £4-8F neoagarooligosaccharides
ThE AAsE) ol B30l g AT, 2 AFdAME
117}e) agarose Al A71e) A E 7|AR AHE-8] 754
aA Y AL AL 4AF 9t e ddz

agaroseg V)¢

Midsail=d
SIEEsfAEY SRS
SRR 9] H7tol] wE B. subtilis 1683} E. coli DH5«

32 Fig. 40) YeITh § #5 R 15%9)

T & J°] dAEHE A& A2 & Yo, 78
= % 2979 E ooli (ICs: >15% ) B} 23 g dsl

B. subtilis (ICs: 15%)0) ts) ©f =LA Uehytch. ojela A%
2,2 A7A%E ANE FARANTL AENY 59 A

Agar Gal NA4 NAG
+B

Fig. 3. TLC analysis of the product from agar hydrolyzed by
recombinant p-agarase. Gal, NA2, NA4 and NA6 repre-
sent D-galatose, neoagarobiose, neoagarotetraose and
neoagarohexaose, respectively. Agar+E indicates the
hydrolyzed product.
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Fig. 4. Antibacterial activities of the neoagarooligosaccharides
produced from agar by recombinant B-agarase against
(A) gram-positive B. subtilis and (B) gram-negative E.
coli cells.
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Agarivorans sp. JA-1 f+219] WEA p-agarase A4}
+H Y AEEG AZFALEANIESY FFaFHE 113
Gt} B. subtilis 168, DB104, ISW1214¢] 3717 AzFI3
S35 Hluste] ISW1214 F57} LBHj R ol A & 9o
F Ha84 52460 Uz} 0184 201 U/mge] o ddFS
Hole A& s 4t} ol E wli BL21 FF) vl&) %
EAEAL oF 900, B2 F 1008 F7Hg Adolt). A
&% p-agarase?d] 1A= A7FY] #HE AHEEA neo-
agarobiose, neoagarotetraose 52| neoagarooligosaccharide
& Aitsldom, MAE neoagarooligosaccharidesys 1%
GA Aol B. subtilis} 1224 AT E coli 259 A
e Adshe FA2A0l J5S FUgeh ek B o
TolA i A3 agarasest AxH A9 UL
AEE 4FAY T AHETHsE HA FEA A &8
o] /b5 ALE JlYE.
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