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Constitutive Expression of Arylsulfatase from Pseudoalteromonas carageenovora in E. coli and Its
Application to Preparation of Agarose. Kim, Mi-Jin, Yhon-Hwa Jang, Moon-Hee Sung', Yeon-Hee
Kim’, and Soo-Wan Nam*. Department of Biotechnology and Bioengineering, Department of Biomaterial
Control, Dong-Eui University, Busan 614-714, Korea, 'Bioleaders Corp, Daejon 305-500, Korea, “Department
of Biotechnology, Osaka University, Osaka 565-0871, Japan — The arylsulfatase gene (ast4, 984 bp ORF) from
Pseudoalteromonas carrageenovora genome was amplified by PCR and subcloned into the pHCE-IA vector,
in which the hyper consitutive expression (HCE) promoter from the D-amino acid aminotransferase (D-AAT)
gene of Geobacillus toevii was employed. The transformant cell, Escherichia coli BL21(DE3)/pHCE-AST, on
LB agar plate containig 4-methylumbelliferyl sulfate, showed an intense fluorescence at 360 nm, indicating
that 4-methylumbelliferone was liberated by desulfatate activity. When BL21(DE3)/pHCE-AST was grown
on LB media containing 0.4% glucose or 0.4% glycerol, the arylsulfatase activity was higher at glycerol rather
than at glucose. On 2% glycerol medium, the arylsulfatase activity reached 15.0 unit/ml, which was 2.6-fold
higher expression level than that with 1% glycerol. The DNA ladder in agarose prepared from agar by this
recombinant enzyme revealed similar resolution and migration patterns with a commercial agarose. This

results suggests that arylsulfatase overexpressed in E. coli could be applicable to the economic production of
electrophoretic-grade agarose.
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Zo] AT Agarose AlFRAREC] AMELAL QlE ofF]
71 WHE, &, pyridine-F==2AP[15], dimethylsulfoxide
F2)9[3], cetyllpyridinium chloride ¥ cetyltrimethyl
ammonium <% (3], polyethylene glycol FZ&1[14],
sodium iodide ¥-2]¥[12], nal-acrinol H£2]%[20], ethanol
A [16] 2 oFol2 APBAA F2[12] FolA 2-37F
A A whl-g W83k agaroses A3 9ok o)2gt
f718eell 2J8k agarose®] A2 TAW7} FH=8HA 4
28 Bup ohel 37fe) Ao} ool whE M=o V&g
83t 9le}, webA agaropectinel| A sulfates A A8 4
ol arylsulfataseS WERgAl 2 AESHH FA-E =451
22 HE IFE agaroses HA Ak A T
AL AL4s 79 7180 AHGIA L] AR-E FHaA]
Zlozm FAn-E-S Aot 4 U 12]. wetA agarose A
AMS $l8l &8k E A (arylsulfatase X desulfatase)E ©|-8-3}
AR AL & 9

Ao e g Aol F3F QTR Klebsiella aerogenes”}
EA o] sulfate T3 cysteined] &J3) arylsulfatase Ak
o] A= tyramine®} H7}ol ]380 arylsulfatase®] A§Ato]
Z71EE 7o g odejx glow, ofdt &= arylsulfatase
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2} monoamine oxidase2] operon®] FF FAEY] wWjFql
Aoz d=AH18]. ol ¢l wAYE arylsulfatasesl] B8h oH-
22 AT K pneumoniae[28], Salmonella yphimuriumm
[18], Pseudomonas aeruginosal|5,7] ¥ Escherichia coli
2119 22 A4 v Eo] AArss Flol Asle] F3}
H AA el o] =} Zo] sulfatasesl] 3 A= S5 A
g oAk, sulfatase Aol #E AT BF7)} Eofo
2RE 225 Aldel 3 Flo] tjF-Folr},

FAHL ATl vFEe 2 =] I 3RHEoH o
F2 ZxFe} F2F AlEYE TSk QY. 2 F
= A sk TE Sl AzEso d¥E4
arylsulfatase”} #-E3le= 202 oz 9)om, o] Fh=
Tl Tl A= FEF sulfate ester AT E4
gled slE AR A ol 4=F FolI[19, 29], E3] 3
ZEFollAe] B F3lel o) Fxlfol] Fodsl= Aoz o
A Sl=t6].

2| arylsulfataseZ- AJALs= 3F w|AE Sphingomonas
sp. AS6330 F29 arylsulfataseZ} 2] - AAIEe] 1 B4
o] FAbxl v} 9l em[23], =3t Pseudoalteromonas carra-
geenovora?} F-8] - FAFo[1], arylsulfatase -+ 2}7}
cloning=|gHH4]. 2 @A7lME= P carrageenovora®. H-E
arylsulfatase A 2HE $E-8bd Geobacillus toebii®) D-
amino acid aminotransferase -2} F-212] HCE promoter
[17] 3ol dAFFeEXR] FAA HIAE TSl AT
FAARAE Aot s A wEe fe
o vls] g 7= oA gleh AL v FA o] Qe
= 2AE AMEA del® FH, EAE WEHAL g
FEEA A7), = 59 S AR o= A
olth, B AFoA o3 FAH R wA" AHxF
arylsulfatase 405 o] §3lod 7kt agarZ HE] TH-7171A]
|3 g7 23}H<l agarose WAkl A4} ia} g,

R

AEZEFE Y XxE Plasmid &

=5 M EZ E coli BL2I(DE3)S AH-3153T}. Arylsulfatase
A 2= Peudoalteromonas carrageenovora ATCC 43555
9] genomic DNAZHE] PCRE 53} 984 bp2] 472 &
Falo] AMESIIT11]. A 232 918 primers oF-}
Zre}. Forward : 5-GTACTC ATATGATCGAGGTCATT-3',
Reverse : 5-TGCCGGTCGACTTAACGTATCTT-3. =%
arylsulfatase -T0AR= BamHIZ} Hindlll |3 E42 =]}
% pHCE-IA vector(BioLeaders Co., Korea)el subcloning
3l plasmid pHCE-AST(4.8 kb)yS 7-=3}3ic}.

HHQF HHX] R HHQF =24
HAAE E. coli 5% 50 pg/ml2] ampicilline] E3}

¥ LB(1% Bacto-tryptone, 0.5% Bacto-yeast extract,
0.5% NaCl) ¥ix]ol] 0.4% glycerol ¥ 0.4% glucoseE 3
7}5}+ed baffled-flaskell A1 37°C, 200 rpm 272 3042}
WoFsIRiEh. ek 347k wleh s mid dleRle AHI.
utE 2 (KoBiotech Co., Korea) 3 &2-Hj¥-S 23 #55
10 ml LB Al lA AuioF §- 50 pg/ml®] ampicilline] &
= 50ml LB iAol 1% HF F 6A17F flask Wl o3}
1% E2X= 2% glycerole] 71 LB 1 L wiAlol] HEsled )
oFalde). wieke = 37°C, wioF S pH: 5 N HCIH 5
N NaOHE AH&-3le] pHE 7.0°0.2 Z2A sl Au&EE
(300~600 rpm)®] EHZ. SFAA(DOYE F71E3} 30% ©]
A2 FRAEE AL, B714EE 1.5 vwms X810

RISt 54 Y &3

A FEZ 43 A8 660 nmell A B=(ODgg)
E ZAEIY. E coli WISk S A EE F 4 A A
AES 259 3R 5 13,000 rpmoll A 1087 AA £
3t} A2 AFH2F arylsulfatase A FA s
Arylsulfatase®] &4~ 842 p-nitrophenyl sulfate(pNPS)Z
5€] 22€ p-nitrophenol®] ko2 2435} uke 700
pl(200 mM Tris-HCI1 buffer(pH 8.5) 400 ul, 25 mM pNPS
200 ul, BAE &4 100 pl FFHS 40°Co)4 287} Bk 3
5 N NaOH 44 -& A7/ A u&-S HF2, AA4H p-
nitrophenol®] FEEE- 410 nmel| A S350}, Arylsulfatase
1.0 unit= 195 1 pmol®] p-nitrophenols AYAFsh= H40
Fo= Aot

Agarose®| M|=2} DNA X7|H&

& w3 A A agaroseS A 2317] 98] LB 2%
glycerol g+ WA & 283t 37°CellA] 16A12F WEX 3]
Fuek F AAEEE FAE RopM 259} 43l
arylsulfatase 284S A} 0.6% & (Junsei, Japan)
glloll 5 univml arylsulfatase ZEAZ. 40°CoIA] 3A]7F HRS-
AlZ] % 200ml®] acetonelF FHAX|F|IL 3l ok BFH4R
AAgE g FAZES] B R 9l o]FA A=
H agaroseZ 0.6% =2 AL WE thS, DNA Hindlll
marker(Takara Co., Japan)®} 1kb DNA ladder marker(Elpis
Co., Korea)s AM83led DNA #7]935-% 3l%l). o9 agar
(Junsei Co., Japan)®} A] -8 agarose(Cambrex Co., USA)
2 0.6% AE TH5e] & DNA markersZ 7] %355}
DNA °]5%=s} 3= A5d M= vlusisic

Arylsulfatase W8 T52 SHAXEH M
P. carrageenovora 2] astA= E. coli B8 plasmid
(pHCE-IA)ell subcloning 3+3v}. E. coli BH3 Al 2El Q]
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pHCE vector: Geobacillus toebii®] D-amino acid amino-
transferase(D-ATT) %1 A}2] upstream 39 & promoter
(HCE promoten® ARE-3le] o] whi#lg Ao 2 =
< FEZA HEA gl w3 gl b fe g
ol a7ke] IPTGE A7kshe f= o] 8 ¢, A
IR Al gl o8| el whuzle] ok oiAbF
A PR 20~70% Zal Az Al ek Agatel
Ab-g-o] 71s8tHH17]. Arylsulfatase -+ A (astd)E T7
promoterE  §-F-3= pET2la vectorell subcloning®}ed
PTGl oJsih M =% arylsulfatase &A=} 7434 HCE
promoters AME-FE Wo] U ARE nlwsly] $)ste] F
At & MEQ] E coli BL21I(DE3)E ARSI, 725
TAA arylsulfatase &34 (pHCE-AST, 4.8 kbyZ -3}
E. coli 3771 34 (BL21(DE3)/pHCE-AST)?| A arylsulfatase
7} RFA R FAALAE A E Felsr) A
Bahil A Aol arylsulfatase 24-E WA Selsjgct. of
® 50 mM 4-methylumbelliferyl sulfate”} 5% LB
WS ARgshodet. S el Rl Rt el e
335 oA 92 ubd, BL21(DE3)/pHCE-ASTE 7]
A<l MUFS®] sulfate 7} &slsle] 3L == 4
methylumbelliferoneS Ak v} o]= 24314 BL2I
(DE3)/pHCE-AST7} desulfatase 23S R4S olulsiol i,
o= Aol M P carrageenovora arylsulfatase”} 2433
o= AAEE AARIISHFig. 1).

EFUM Arylsulfatasee| 2Hgts

bl whE A S arylsulfatase 2 oFARS- odo}
87 98l E coli BL21(DE3)/pHCE-ASTS- 50 ml baffled
flask(LBell 0.4% glycerol} 0.4% glucoseS * 713} njf %]
ARgy woFste] A A3 Al - 9]ell M) arylsulfatse

Fig. 1. Activity staining of E. coli host and transformant cells
grown on LB plate containing MUFS. A, E. coli BL21(DE3); B,
E. coli BL21(DE3)/pHCE-1A; C, E. coli BL21(DE3)/pHCE-AST.
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Fig. 2. Time profiles of cell growth and arylsulfatase activity in
the flask cultures of E. coli BL21(DE3)/pHCE-AST on LB
medium containing 0.4% glycerol or glucose. Black symbols,
cell growth; white symbols, intracellular activity; glay symbols,
extracellular activity. @O#®%, LB containing 0.4% glucose; MJ#,
LB containing 0.4% glycerol.

28 A5l o AT 'A% glycerols AH7E8E wiA]
ol Mo} A Al Wik 24A17kel] A R[]l Folzkom] uf
ofty] Al Z212- 92 ODggo -2, AlEM arylsulfatase
B30 ujek 30417 3.4 univml SeHFig. 2). 2ol 3]
glucoseZ #7}sle] wioFdl S of A F4)-2 wioF 124170
FE] A7) Eelzhom wiokdr] Al S22 3.1 ODgso
gom MEW arylsulfatase AL wiek 30470 2.0 unit/
mlZ glycerole] glucose®.w}F F 1.59] Z571% arylsulfatase
JAIE B}, GlucoseE ARS-31S off ME2] arylsulfatase
e 7o) Ve A] b2 b, glycerots AR ol A
E9) arylsulfastas 22 0.5 unitymlE v]Fshtnl A L}
o= o7t FujE v}, =3t 7] LB wiR] Eoh LB
glycerols H71ale] wioFglS o) &4 3442 o 20 Z7}
=i vk(data not shown).

Tumor necrosis factor related apoptosis-inducing ligand
(TRAIL) AAkel]l Qlel M= glucoses A 78S of Kot
glycerobs A7} gl& of oF 2o FkE AJAMIS ¥l w} 9l
oH30]. ®AUN LR glucoseE AHEHE W 1.8 o408 T
acetate 55 wjEol A FA12 Y FHAL LdHe] 70%
Az AsEed), SO ® glyceroly H7IEE W o
2 acetate?] WEZE 18 glucose H71E1-E Wre} HA F
Ak o] 242k 369k 2240 F7EE ] TRAILS] A4k
ol gJoiAl Bkl e 2 glycerole] B3l o2 Flw]
vh w3k e glejA B AAF vlE-2] 60~80%7F U=
7o) u]g02 4 YA drfe] viie] ehagle] 1A
of| ¢33FE Wh=d], glycerolk> 100 ml & 10,000 =24
glucose® T} o A E Zho] A3 (Sigmarl 715822 A
V)-89 2 arylsulfatase EAF o=k WA 4= 9)8-& 9w

g},
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gEx sE g

258 glycerol 7ol W FAFA T BA Y FA S
el F #A A astda HIE o F7H4717) 938H
glycerol T=F 1%, 2%7HA] FodA iR 3E wloke: )
Aot 2 A3} vk 1822 Al 412 oF 12.0 ODggp
H] 5319 o)) arylsulfatase A2 5.8, 15.0 unitmls, 1%
glycerol W Brh= 2% glycerol # ¢F 2.6v) A% Z7}3}5]
th(Fig. 3). Flask wiefoll A9} vl kx| 2. glucose® A3
< "W MES arylsulfatase B4 A HEEHA 949k,
glycerots AMHS1S o ME9] arylsulfastas B4 0.8 unit/
ml= M E8re 2 ozt Bu|Egic),

ojAe] Witz FASXE, arylsulfatase 4 5
Table 1o Aejsigich. T4 WA Z o] 43} arylsulfatase
o] I AR BEAY O =R glucose: Fho] v 3}sbA
HO2 AR 5A AALS $lsleds Eabdolx] ¥3F B o}
Yz} flask wioFA] w2 EA AAAS Beu) Glycerole
gagle 2 AMgg WER S wodell A glycerol T EE
2%7H] ¥9-2 W A F= 12.0 ODggoRb-S 04% glycerol
X W] flask ¥lF(9.2 ODggo)ll Blsl ZA F7)e1A ¢
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Fig. 3. Time profiles of cell growth and arylsulfatase activity in
the fermentor batch cultures of E. coli BL21(DE3)pHCE-AST
on LB + 1% glycerol medium (A) and LB + 2% glycerol
medium (B). (@), cell growth; (@), intracellular activity; (O),
extracellular activity.

Table 1. Comparison of cultivation results of E. coli BL21(DE3)/
pHCE-AST.

. Culture  Cell growth AryISI'Jlfatase

Culture medium . activity

time (h) (0D660) (unlt/ml)
LBY 30 4.8 1.7
LB+0.4% Glucose" 30 3.1 2.0
LB+0.4% Glycerol? 30 9.2 34
LB+1% Glycerol? 18 12.7 58
LB+2% Glycerol? 18 12.1 15.0

D50 ml flask culture
21 L fermentor culture.

gkort, A EW) arylsulfatase HA 232 18X)7) 1ol 15.0
unit/mlE. $715o] flask ¥iSF W B} 440 Z71E ghE B
Aet. ol UEX wiokg B3 vl B2 A7l ag
2 arylsulfatased BAFEH 4= Q18-S 2n]ska 53] glycerol
2 A% TIHE FANFS B Aul Loz e
arylsulfatase £4F A & 5= 9188 eI

A Aol A FAH S 3 o3, human leptin
(146 amino acid)e] §7F Wjoko 2 086 gI2 & EE2
k=9l a22], 74 gt 744 W A|A"l9l pHCE-1IB
vectors AM8-3+e] 4.1 mg/mi®] human necrosis factor-.
(thTNFoyS AJAket o) 7} Barge] 9leh{17]. IPTG = &
A2 pET14b AEE AHEHE wo] thTNFo 3 kel
3.9 mg/ml Y& 7}sPd HCE promoter= T7 promoter2} H)
%3t E2E thTNFo s HAFASS 4 ot 2 4
T4] astd FHAE- pET21a ME(T7 promoter)el] subcloning
gte] WA A oIME HEW arylsulfatase E49-2 oF
2.1 unit/mlell @3}ed[25] pHCE promoter”} 7438k F-41%
promoterd-2 ©HA] Eelg 4 9l

Etsl xZ40] 2 Agarose M= X DNA XV |Y¥E

A =38 arylsulfatase® A 2% agarosed agar®} A&
agarose®} ¥17 ADNA HindIll marker2} 1 kb DNA ladder
markerE A3t DNA 713§ A%-& vlasisict o
7 agar® U= arylsulfatase *12] 2 |23} agarose”} ©]
Aol EElsellA ol e, Al g agaroseshs ©]
A Eeleel ot R AHE £ 5 A (Fig.
4). o|¥A ANEF arylsulfatase EAZ A2 agarose?] F
A G713p) g 3 F=H gel AEE SHNMEE 9
ab7] $HEF2(10 univml®] EAFO R X s19-E o)
0.94%N4 03% AEE 7448193, gel ZHEE 250 g/em?
oA A 800 g/em’E. AF41H agarose®] 7= 4232](900~1,000
giem?)e} B8t AAE B 5 glsle25]. =3t 77}
22 HE 23 S polyethlene glycol(PEG)E o83}
of S AARNS W ] IS 1.79%04 0.38%
2 74 T A7) F 4 agarose?] 5AS YEHE
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B
AE  Ag

Fig. 4. Electrophoretic performance of agarose prepared by
recombinant arylsulfatase. A, Agar (Junsei Co.); AE, Agar +
arylsulfatase (5 unit/g-agar); Ag, Agarose (Cambrex Co.). 0.6%
gel and 0.4 pg ADNA HindIll marker (A) and 1 kb DNA ladder
marker (B) were used.

electroendosmosis(EEQ)E= 02194 0.082. 7F43le] o
[13], cetylpyridium chloride(CPC)E- o] 8-8fo] 3t 'd% A
S o A7) FH-E 0.72%, EEOE 021914 0.082
A agarose?] EAJo] FALEo] L—Q ‘ﬂ} 013}[9] 24
TFoll A AZ3}F agarose?] EEOX H|E3: £2]& 5’—‘2—:1 e
2 e, A S SlsiMe arylsulfatase A A2
% PEG =¥ (CPCE °|£3lo] agarosed L= A= &
2ok gol) W8 AL N H80) 9SS
ol o] AzE wigkoz E 7ol 0 YAk} 2zt
arylsulfatase’:= P S EHE] 4T goarose 24 AYALS}
B AE A T AL7Pssh, f7140e AHgAA)
2] AMS-E ARAAIFI B2 FANEE A "ot £ gl
2%+ g9

o oF
a1 =

Pseudoalteromonas carrageenovora 2 arylsulfatase
A= PCRE 533 F Geobacillus toebii®] D-amino
acid aminotransferase(D-ATT) A2} o] A% 23
promoterE -3} pHCE-IA vector® subcloning 3133
o}, 4-Methylumbelliferyl sulfate’} ¥3¥ LB Hg=] A
oA A3t FAHRA Escherichia coli BL21(DE3)/pHCE-
ASTE= 360 nmAtell A 4-methylumbelliferonee] 2]3F 743k
AL BT, o= diAtell M arylsulfatase”} SAH o=
2% ofulElgde}. E coli BL21(DE3)pHCE-ASTZ

0.4% glycerol =¥ 0.4% glucose”} E£3+% LB #iA| = w)
oF3-S o} arylsulfatase -2 glycerole] FEZHE wA]of| A
o] o A el 2% glycerole] 235 LB wjxo|
A arylsulfatase A2 oF 15.0 unit/mlel] 230, o]=
1% glycerolr A7FIA wiFg-& wj it 2.0 o]4de] &
2 g SFolgdt Ax2F arylsulfatase EAZ A 2F
agarose?} AT agaroseZ DNA markerss ]*‘lﬁﬂ/ﬂ 7]
FEF A vlugs W 3k ol 5AS £
B ooA7-2] A3} E coliofA 23 - Akl arylsulfatase
FAE o]83le] #7958 3% agarose AAF Aol A

3 7Psde st

LAtel 2

E QAT 200395 A AT AAH YA eI A

%ﬂoﬂ 23te] o]Fo] Fowm, o] ATl gt Zw|E W

1= H-2] oxtA] BK21 ARl 2|8 gl o
?—Hl 2 el A=Y
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