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Abstract; The fermentation conditions for the mutant arylsulfatase produced by engineering Escherichia
coli were studied in the shake flask. It included the effects of inoculation size, induction period, inducer
concentration, fermentation time, addition method of inducer, fermentation temperature and original pH value
of medium on the expression of the recombinant arylsulfatase. The results revealed that the optimized lactose
inducer concentration was 5 g/L added to liquid medium after 3 h initial culture inoculation with 5% (V/V) .
The highest enzyme specific activity (2.63 U/ml) was achieved after further 7 h fermentation at temperature
of 25 °C and an original pH 7. 5. Compared with the original condition, the enzyme activity was increased by
46.9 times. The desulfation ratio against the crude polysaccharides from Gracilaria lemaneiformis was

82.1%.
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F LIRS (arylsulfatase, EC 3.1.6.1) J& T/KMESE, © 0T DU AL 57 B FE 0T 2 Fis 4 1Y 7K
fife, AWLOF AL B Y ML RR Eh . WAz, TEANE . B MY sy b EA o A
Y e A R R 5T SRR, B MK IR (Aspergillus oryzae) '* | i %6 5L
{AFTH# (Klebsiella aerogenes) ") | Wi e AT (Klebsiella pneumoniae) '®' | MFPAMIEE (Marinomonas
sp. ) . AR B AT (Pseudoalteromonas carrageenovora) | 4 43 B B ML T ( Pseudomonas
aeruginosa) -t R M U TR (Salmonella typhimurium) V2L RE R VD FR ICB (Serratia
marcescens) " WY G BE M0 E (Sphingomonas sp. ) " EEFTE (Streptomyces griseorubiginosus)
IR ( Thermotoga maritima) ' A2 1 35 SRR R B UEAT T HF5T, BRI BB 55 F IL AR
FRTR B R T AR R AR, (RSB L5 Z 0] B R (AR M e g R B, R A
WERAEE | S MR | SRR A R R B TR FW P AR U A ) 1 5 A S R T
Tity ELA B R T A A % 12

BNRR—F KRR ZHE, BATULR O BEEEFISHTE, SO ERCEER . SEH5%) . FLALR) . R A
IKAREERSE, TN TR, BT BRI TREAEAUHR R HAT, Tk A 7= o i
FHBE ZBRBUR T ABR IR IR SL T, (EAELEA P SR A S A | 7 AR | BRI Qe R A R, 55
SEFRTZAA LG, B K AR AR 23 BRBOAR v A B AR T P ELA S N AR IR AN | FR Pl . MR Ts N
FHr, M HARS S EBRFEAR R, BB A - BRI R T, R, 07 3 SR IR Tk B e
DRGSR Tl o BT Ve A A

BEE HED) TREEOR BRI, B4 Y IR R G 2O AR ) TR B — D7 1), 2R
FIRY A P ACE AU T R T AR A A, I TR e R T2, B AR5 880 Oy =Xtk
FoEDH TRERR R, K5l RO R B R BN AR AE, DT = R 05 K2 ZESERT IS b, AR
A T BAT BRI B R TR /K 1R A S (R B A T 0 A SRR R R B 1) R K R 48, IR 1] kAL
{18 77 15 i 1 38 FAER A MR R Y 278K H260 L, AT ST SUTE A S A T 9 20 0 A Bt 2 T il L T P B
RSO, WFIE R SRR G0 IR TR /K S il A AR, A R T O Tl vk 2 BRI it W g i A A R
K, HARBEMIRE L,

1 #R5EFE

1.1 ##
1.1.1 Hkk

T RAL TS A IR R H260L FE K 1 KA FF R ( Escherichia coli) BI21 (DE3) FFE, ARIK:
EIRAT
1.1.2 B3k

LB 353k, - E H 1 10 g/L, EEREKY 5 g/L, NaCl 10 g/L, pH{EMZE 7.5, Ki# 54,
16 LB AR R FRIE AP A BB 050 2% MBI, K G /R b AR R 3R 3
1.1.3 k5]

JREE R (] ARFIBAEYRHCA R AR, MR (ETAY TR () BROARA
A); FIREER (ETAYTE (L) ROARAAE); M (B TRGARAR); p-nitro-
phenyl sulfate (p-NPS) (Sigma 2AH]) ; HAREG I R bradi
1.2 FhFEFRRNGH&

FHEA IR ERD S T TR AN T LB BAE R 5L (3% 50 pg/mL RABEER) I, 37 CHiFRd A,
PRIBCATR PR T 50 mL LB ARG 7R 5L (9 50 wg/mL RIF&ZR) ™, 37 °C. 180 r/min 5% 12 h
AT, YRR TR IRE
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1.3 TAEEHRNHIE

PR 1: 100 4% T 50 mL LB AR FREE (1% 50 pg/mL RAREEER) 1, 37 €, 180 r/min
RS2 h, INFEHASH EA T RWE N 3 o/L, 25 C . 180 r/min IBFFIK 6 h, BOUHE 3 mL &
W, 500 pL Fi¥A 4 50 mmol/L Tris — HCl (pH =7.5) S EREAK, MoKnBEAWER, T
4 °C . 12 000 r/min B5.00 5 min, K18 FIEW, 1EAHEERES
1.4 BAFEEMBREEENEENE

20 L MW, fi1A 80 wL 20 mmol/L p-NPS ( Lk 50 mmol/L Tris - HCl, pH =7.5 2% ik fic
#), 7655 CHHE 10 min J5, MA 25 pL 5 mol/L NaOH 21k W, DLZEMEKAN EAAFRZE 1 mL, 7F
410 nm FIMEWOCE (A) o 5 & IERRBREGAIE RO O . 78 BIRFRAET, Rash KR
B 1 wmol Xof i AR 3 BT T 0 Bl 4t S — S T B
1.5 BREBZGRK
15,1 i) 821 05 75 SL00 R R il 22 1K 11 52 )

BRI B AR B R (0.5%, 1.0%, 2.0%, 3.0%, 4.0%, 5.0%, 6.0% ) ¥EiH:A
50 mL LB B35 (%550 pg/mL KIRER) , 37 CHFFIE, WINFLEET 25 CiESHkik, —@mhE
Jo, SE IR A gy, (E AN G
1.5.2 5B HLG 4 05 B S G R e i 2% 35 1 52 i)

PR T 5% R 53 A 50 mL LB 353555 (5 50 we/mL RIREZR) h, 1637 CHHEAN
[ (1,2,3,4,5 h) J5, SMFHET 25 CHERRIL, —ERJE, M R T Ag, (EFIEEE P
1.5.3  FUBHZA 5500 1k B o 7 41 5 A L7 1 T B 2k 11 B i)

AL 5% 4R 50 mL LB #5575 (3% 50 pg/mL RARER) W, 37 CHFE,
TMFUBHA S H AR FETRE (1,2,3,4,5,6,7 g/L) , 25 CFRIL—EMNG, & BRI Ay, (5
it 5 1
1.5.4 S5 F kAt 1) 5 41 57 A 6 R TG % 08 1 52 i)

PRI L 5% 3R R4 A 50 mL LB 55858 (5 50 pg/mL RIBER) , 37 CHiFJa,
TINFUREE S H B S EAAFRE (4,5,6,7,8 h) |, ME B Ay, [E A
1.5.5 FS NI 2O 5 41 55 B S0 R TG B 2 508 (1 5 i)

BRI 5% MR B G A 50 mL LB #5383 (% 50 peg/mL RIBEZE) W, 37 CHiFA,
Y SIAARTRIEL (1,2,3,4 ) BSNMFUHHA S H T 25 CIESEE—EM TG, I5E B E A, (B
T,

1.5.6 & Il o) o 41 5 A i G I g I % 35 1) 52 i)

PRI LA 5% MR a4 50 mL KSR (5 50 pg/mL RIREZR) o, 37 CHiFE,
WINFLEHA S, ZEARRNREE (15,20,25,30,35,40 °C) F , iBESFRE—EREE, & BRI Ay,
(BRI M
1.5.7 $53REAW0UGR pH (B X H 41 55 T S 67 R TR 2 18 9 52 )

WA T-WLL 5% M3 R 2 582 A 50 mL AN[R] pH {9 LB 355523 (% 50 pg/mL RABER)
IR ARG pH (E 4 I E 6.0,6.5,7.0,7.5,8.0,8.5,9.0, 37 CHFEIE, WMIABESH T
25 CiERRB—EM MG, WE BT Aqg, [EATEFE T
1.6 RHEHE & iERER B 89 i iR

FRELO. 1 g AR (Gracilaria lemaneiformis) M8, ###TF 20 mL 50 mmol/L Tris — HCl (pH =
7.5) SRR, AN 30, 60, 90 U RAEEE, 45 CALERE 4 h, HAAEHS IR S RRCE T e ki
b, LK FEVRSE, MR, FRICE I i 2 A F 5 5 R A PR R TR 20, =Rk
e, BT H Y 550 CRAL 4 h, BTS2 TRAUK T, 28 % 25 mL, 1 mLERH
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0.22 pm BB IES , P TEI%Y (1ICS -2100, EEEZENF) WERESRRER &, D
KRAFACPRAGHL Z B IR | TR

2 GRS

2.1 BEM=E

PR RO EE R R A KR R 70) 06 =
sk, fE—E LMY, HERM AR, EAREK 6.0.;/'—'——'—““\%10.55
Wk, EET R, B R, miikd SOf o4 =
Kadthe, SEACHTWR R, Kok 40T los %
EPRHE, APA RN, SRl 5% T 20[ los £
o, BSRER RS RS R 0/ T e - |~ =
CRE 1), M, Ty Fommnms Taey  Of T PR e 100 E
PP ERE 5% % 2 3 4 5 o E
2.2 FEER J A Inoculum quantity/%

FEHERORIRIE )5, I A ZLBE S 3 R 2R 177 B SHENEAREERBEERANZN
SR TR, G5 (WFE D) ETW, EMERR Fig.1 Effect of inoculum quantity on the

expression of the recombinant arylsulfatase

3h, AgZI0 2. 48 W TS, BHAHTT HILGRIR
PR BB P e o HOCHERIS 3 h, Ay 290 2. 48 B iZ TRE R A B A1 I AL

x1 FEMIXNEAFTEEMBERERIZHIZME
Tab. 1 Effect of induction time on the expression of the recombinant arylsulfatase

75 FHHHL Induction time/h Ageo (5 ST Before induction ) Ji 75 P Enzyme activity/ (U - mL™")
1 0.77 £0.03 0.11 £0.01
2 1.74 £0.06 0.48 +0.04
3 2.48 £0.02 0.58 0. 10
4 2.75 +0.02 0.42 +0.08
5 2.85+0.05 0.35+0.02

2.3 FBBESFIRE

SO RE DN TR 7= i 2B 7 AR (9 — A HE 2 K
P, PTG Z—Fhom i i vh 57, (HR B AR
AR REPE HLAAS B 5t FLBEAE A 50, AMY
BEARENE, 0 HANRARAR, RS FLE A B 1 o —Fh
BRI, AT LA A A, AR BESE R, A [H] :
WEMFIRETIE S, 409/ (WK2) 2w, 20 A 0.4

fif§ 1% PE Enzyme activity/(U -+ mL™!

5/ LAMIEATIAS, BN FEEMMBEIEES O] W Buyme activiy 0.2
B, 3K 141 U/mL, FRRABERES o LAENELENASS 0 5 5 4 5 6 7
E"J Eﬁ’fi?&g o FLBH IR & Lactose con(:entration/(g -Lh
s, E -, T o
2.4 BSRRZME ) B2 SR EASE SRS RAN
A7 A S I B TR TN 22 TP S SR R Fig.2 Effect of lactose concentration on the
AFEIEHE, 4558 (WA 3) Bx, AMAESEERIE expression of the recombinant arylsulfatase

7 h, BERTETERR R, SO E BT SR AR R A AR R LR E S5 RA I EA 7 hy
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2.5 HEFHMMATK

FUAES SRR BRI INARECF A, 4528 (IR 2) SR, FUME—UOmAR, 207 % 5L
PR T T 18 6 P v
*2 BEFAMAFRNEAFTEERBIEHERIEZNZIG
Tab.2 Effect of adding inducer times on the expression

9.0 3.0 7
30F = of the recombinant arylsulfatase
’ 12.5 -
gg r 3 \E: 1}55’,1%’[”][] j\?}’(;!ﬁ A @E{%‘ﬁ Enzyme activity
5'0 12:0 § Inducer times 600 /( U-mL™" )
g0l 115 3 Y
<40 £ WA 6.24+0.08  2.60+0.10
30r 11.0 E‘ One time to join
207 —A =
| 10.5 44 WA
(l).O‘ . +@{§ e Enz‘yme activity ¥ Two times to join 5.98 +0.11 1.97 £0.02
4 5 6 7 g & L
i/ =WMA 5.96+0.04  2.16+0.24
Three times to join
B3 FEERIEMENELHS i BR B ey 0k-A
& BERREMEANEBAFTEEMBEERIEINZ N PO A

Fig.3 Effect of expression time after induction on the 5.93+0.10 2.16£0.12

expression of the recombinant arylsulfatase

Four times to join

2.6 KERE

AN 1) 2 P O T TR A B S S MR A R, AR SR D, AL DT SRR ER R I TR B I A FLRES
T, RIEAFRRE T TIESRE, AR (WE4) SR, MERRE N 25 Ch, SN EFH
BRBR MR BTG PR fe i, SUCRERE 25 CAE MBS F 2L MRl i T A2 1 1Y & iR
2.7 BEFEMVE pH &

P20 B P 1 22 il AR T EA T B AR S Ry e RE AR AZ BR S pH (B A2, PRI RS SR LY pH (B0 4
M f A AR B PE Y AT, ERIRIEG pH EAYEE5R3E, YIEFREp04G pH (EN
6.0 ~7.5 W, 25 A LA AR I A 1) B PR RN BRI R TP W 25 5 BETE PEAE pH = 7.5 BRARXT RS
pHEKT 7.5 i, BEEMEME AR (WWES) , SMORBER RIS pH Bk #: 7.5, 7ETA
AL, B2 57 SL R IR BT L AT 3K 2. 63 U/mL, R &AL BT 2 0. 056 U/mL CBHi&
RIS R LA 1% W3 e, 544631 50 mL LB ¥if5eh (1% 50 pg/mL RAREZR), 37 C, 180 r/min
Rt 2 h, BREEHERSR 2 ha, RINFBHASHFIE 3 o/L, 25 °C, 180 v/min iEFH £ 6 h) [1146.9

(7
Ho
7.0 3.0 7. 8.0 3.0 7.
E 7.0 E
6.0 £ : 1 :
2.5 5 60 2.5 S
£ 115 % =40 15 2
3.0 £ = 3.0 £
2.0 10 & {10 &
: A = 201 - Awo A =
1.0 = 0.5 3 H —— [if§ ¥ me aclivi 10.5 34
0 B P Enzyme activity : 0 I (])'0 . ﬁlﬁ T ]::nZ,V me i‘(/t“ltY ‘ i ¥z
15 20 25 30 35 40 & 6.0 6.5 7.0 7.5 8.0 8.5 9.0 &
0/°C i 72 ZE W1 4R pH Original medium pH value
4 RBEENEAFEERBIEBRIENTI B 5 EFEMBpH NELAFEERBEBRIENI M
Fig.4 Effect of fermentation temperature on the Fig.5 Effect of original medium pH value on the
expression of the recombinant arylsulfatase expression of the recombinant arylsulfatase
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2.8

e 3 AH % HETR ER E B I B R
TEA5 CAFE4 h &M, FE BRI 2, AR (G. lemaneiformis) K ZME 8% LR (10 B R

PR . ShnfEEE Y 90 U B, 287450 H260L AEMI: 82. 1% HIBiFR KM (WK 3),

R3 REMBFEFTEERE X L 55 2 v & F HI B kR
Tab.3 Effects of enzymatic treatment by purified mutant and wild-type arylsulfatases
on agar from G. lemaneiformis

i iFt Enzyme R L B T R A 1 T k55 5% Desulfation ratio
Enzyme activity/U Sulfate content in agar before and after enzyme treatment/ % /%
None — 2.24 +£0.10 —
30 1.61 £0.08 28.2
WT 60 1.13 £0.06 49.5
90 0.53 £0.03 76.0
30 1.44 £0.04 35.5
H260L 60 0.88 +£0.31 60.6
90 0.40 £0.13 82.1
3 ik

A SZ G 10 1o B PR 2R S AR T A R I P il AR A R A W AR AT TR, SRR
1) ZTREE R R B S 25 A R . HERh i 5% , $53R01E 3 h, FLBA SR EIKRE S o/L,

WEERIKT h, KBEHRIE 25 °C, B33t pHIE 7.5,

(~7.
Ho

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

2) TE_FREA AT 5 R IR G BT 1A 3] 2. 63 U/mL, J& K &4k 0. 056 U/mL 14 46. 9

3) RAZHE H260L X Je R 22 Wl i) B R A HAT B RO JBEBRAE 1, AR5 82. 1%
[ & % 3k ]
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