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Agar 1s composed of about 70% of agarose and about 30% of
agaropectin which has sulfate groups in its molecule. Low portion of agaropectin
In agar improves physical properties of agar, such as gel strength, gelling
temperature, and electroendosmosis. Enzymatic hydrolysis of sulfate groups in
agaropectin results in improvement of the physical properties of agar with little
waste water. The isolated Sphingomonas sp. AS6330 from South coast in Korea
produced agaropectin sulfatase and reaction conditions of the enzyme were
established using agar as a substrate. The objective of this research is to
identify agaropectin sulfatase producing microorganism and establish a
fermentation condition for agaropectin sulfatase production, and characterize
enzymatic properties of the agaropectin sulfatase produced from Sphingomonas
sp. 6330. Furthermore expression system for overproducing recombinant
agaropectin sulfatase was established using Pseudoalteromonas carrageenovora.

A Dbacterial strain capable of hydrolyzing sulfate ester bonds in
p—nitrophenyl sulfate (NPS) and agar was isolated from the Southeast coast in
Korea. The isolated strain (Sphingomonas sp. AS 6330) is aerobic,
gram-negative, rod-shaped, and motile. The organism was grown optimally at
NaCl concentration of 1.5-3.5%. Octadecanoic acid was the major cellular fatty
acid in the isolate. The sequence similarity of the 16S rDNA with those of
known Sphingomonasspp. was found to be at most 96%, implying that the
1solate was a new Sphingomonas species. Optimum culture conditions were
determined to be 30°C and pH 7.0 for 48 hr fermentation using a laboratory
fermentor under constant culture conditions. Partially purified agaropectin
sulfatase through Q-Sepharose and phenyl-Sepharose chromatographies catalyzed
hydrolysis of sulfate ester bonds in agar and 972 of sulfates in agar were

removed after 4 hr reaction at 45°C and pH 7.0. The agaropectin sulfatase from



the isolated bacterium might be useful for the removal of sulfate groups in agar.

agaropectin sulfatase was purified from Sphingomonas sp. AS6330
through ionic exchange, hydrophobic, and gel chromatographies. The purity
increased 12,800—fold with approximately 19.1 % yield against cell homogenate.
The enzyme was a monomeric protein with apparent molecular weight of 62
kDa as determined by sodium dodecylsulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) and 41 kDa as determined by gel filtration. The enzyme had
optimum reaction condition for hydrolysis of sulfate ester bond in agar and
p—nitrophenyl sulfate (NPS) at pH 7.0 and 45C and had a specific activity of
3.93 and 97.2 U, respectively. The enzyme showed higher activity for agar than
other sulfated marine polysaccharides such as porphyran, fucoidan and
carrageenan. The K, and Vm.xof the enzyme for hydrolysis of NPS were 54.9
uM and 113 mM/min, respectively. With the reaction of 200 g of agar with 100
U of agaropectin sulfatase for 8 hr at 45°C, gel strength increased to 2.44 fold
and 97.7% of sulfate in agar was hydrolyzed.

Inducible agaropectin sulfatase expression plasmid, pAST-Al (6.4 kb)
and constitutive agaropectin sulfatase expression plasmid, pHCE-AST (4.8 kb),
were constructed with astA gene of P. carrageenovora and E. coli expression
vectors (pET2la and pHCE-IA vector). The E. coli transformants on LB plate
showed the Thydrolyzing activity for 4-methylumbelliferyl-sulfate and
p-nitrophenyl-sulfate. Most of agaropectin sulfatase activity was found in the
cell lysate, but at 50 ~ 5000 pM IPTG concentration the activity was found
both in the culture supernatant and the cell lysate. The optimal IPTG
concentration for the agaropectin sulfatase expression was found to be 10 pM.
10 yM IPTG addition at OD600 = 0.871.0 (mid-exponential phase) gave the
highest expression level of agaropectin sulfatase with 5.5 unit/ml. When E. coli
BL21(DE3)/ pHCE-AST was grown on LB medium containing 0.4% glycerol,
agaropectin sulfatase activity reached about 7.08 unit/ml after 25 hr culture. The

molecular weight of the recombinant enzyme was estimated to be 34 kDa by
SDS-PAGE.
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H 1 & AN 2] JHR

TV FHABAFES dTE 6000 EoE H MA ik 12%E A4A
aH, o]F 60-70%% 9w o FEHI, YMAE AF7MFEoR oA A
Ao (A, 2004). FEHE Y o] derby AelE AFo] AL, agarose
Ax7|=o] vHE nFde] ofokg, nAEwA 2 A58 agarosev= H#Fo] F9
of oJFEs glom, E3] FUA A FH $FA SR agarosed FL A X3

AR = o] FMC ol Uil s F9stel A7 s 8 agarose™ 2] 2F§ 2

)

of
o

S FxFo FrEe e FAAY trdFoln, galactose T HAE
T H agarose(eF 70%)<%}, ol& AHe) @] agaropectin(2F 30%) 2.
2 FAEo gt (&3 B 1984). Agaroser ©] D¢l agarobiose’} d&Z o=
A3t e o|u}, agaropectine agarose® #2F7], pyruvic acid ¥ uronic acid Zk
715 g3tar At} (Mackie and Preston, 1974). 3+xo] Aggw o] A= AAl 7=
AdH o7 FHAsE Ha Jorz HIAFstdA B olsd JFS = B
olyegl AREE oFtA 71ty (Duckworth and Yaphe, 1971). Wb A7|9 580
2 AgEE A AzHE oydAe] f7]ew IS o AdHFT9
&

=
agaropecting A /30 2 M agarosel] £EE o] o5ty AW -FTHEoko] AL

f

o

aL 9l

Eote Aow de]A 9t} (deVries and Beart, 1995). SAaE thE afoko] A
AL st AEZ F23 AYoz QAHo oy 7x] FAAYY Hu=z

de A Ao AAZA dE R Fori Y ol&E = A A 1% o]
2

2
v g AR o 549 AT e, dd AAeE dxRe] B
=

FAY ARaes 5o5e §4 AZdE E49
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A g Ao By il ¢ltl (Chandrasekaran, 1997). o] #] 3t iU E Hdf &4

of AlEAL JEE FF ook A FAEYGel QoA T8I AYoE HriEa 9l
t} (Hard, 1998).
At 59 n A& A agaropectin sulfatase (arylsulfate sulfohydrolase EC

316109 e 71do EA9) &l =% (Fitzgerld 5, 1979; Fitzgerld <}
Cline, 1977) sulfatet} cysteine 34 Z A, AXES2A Fask st3tEdo <3|
FAaAse] 24 EH Y (Dodgson %, 1982; Kertesz &, 1993). Pseudomonas puida,
Escherichia coli, 2 Staphylococcus aureus®] PlEA] iAo sulfateEs H7}sFo =
MW AZR A Aol AAlE = wr o] 221 A7 sl o3 FlEA o, o
g o] e FEHo] FAHAE Bk sulfate tAkel ¥Ho{dk= agaropectin
sulfatase® F4 5= Aoz dHA Aot (Kertesz &, 1993). AliFe] agaropectin
sulfatase Ao A3 A 2= Klebsiella aerogenes’t WE A o)™ sulfate T+
cysteine®ll ©]3l agaropectin sulfatase®] AJ4bo] A= il tyramineo] 7ol <3
agaropectin sulfatase®] AJ4to] F7lyE = Aoz LA Qom olyd zI=
agaropectin sulfatase®} monoamine oxidase®] operon®] ¥& FAF 7] wiEel A
ow G

Agaropectin sulfataset arylsulfate ester 2%<S #3353} phenol group¥
7135 AAFsth agaropectin sulfatase:s P AEo| A EFEFEo] o]27|74A T}
FotAl EESAT 259 1AFEE FAdl dds] =2 ZowE dEA Ut
(Kertesz, 1999). w|AE  arylsulfataseo] #3 WFEo A= Klebsiella

O

pneumoniae (Miech 5, 1998), Salmonella typhimurium (Henderson¥} Milazzo,
1979), Pseudomonas aeruginosa (Beil &, 1995) % Escherichia coli (Jansen %,
1999)¢} 22 WHdAd mAdEo] AHAstE &id #ete] FdkE AAolt 1y
Streptomyces griseorubiginosus”} A4l arylsulfatase= SX S A4 24 2] 7HsAd
o] A= Ao BHuxi Ut (Uki &, 1995a; 1995b).

b Fo] sulfatased] Wdh A= =3] AT A sulfatase FAFt
ol T B EYoEmRY fEdE Aol =dE AAolth. Sulfate T
arylsulfatet™ 53] slxFo tdo=z 3F5o Jde stdEo|rh dF

A Aslal 9+ Y9 F+ arylsulfate® 74 5o At}

1S sE TAE 23349 dH2M agaropectin sulfatase”}

o

o

3
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= Aor deAd dom Aol Fo Ffuo = vhFF sulfate ester A
Fafjsle] |z tEdFY AW ol&EE ol (Milanesi®t Bind, 1972; Hoshi®}
Moriya, 1980) 53] sixFolA= o] &3tk olghatgol wolst= sor I
At (DeHost &, 1988). o1& 7}#] AA| &&= A3#2 arylsulaftase?] &Ado] =
2 oz d#HA g}t (Dhevendaran 5, 1980). o5, #24+, g wAE 5
2] 7}A e A EZHE] agaropectin sulfatased] ¥ thdte] HEE A1 Alx
o1} (Dhevendaran, 1984; Dhevendaran &, 1980; Maya %, 1990), agaropectin
sulfatase®] o] s Eo AT LE FHHEA, &L FESHE Al
ojgk AJA ] tigk AmE wHE Lot HZE FFY ofF, MF
S Uidoz Ay AsAd WEES FHSEY] agaropectin sulfatase
A A3 A=) AFdHd #Ho] e Ao YEywon, &gty AEsE Al
9} agaropectin sulfatase?] I = FIAAAVE = AHo=  YERG

(Dhevendaran® Maya, 1998). ArylsulfataseS AJ4tets sfdn| A Eo] Ee o

Alteromonas carrageenovora® 5450 °2™ (Akagawa-Matsushita %, 1992),

25

eI}
X

ftlo
I

arylsulfatase -+ A7} cloning® $1tF (Barbeyron %, 1995). A. carrageenovora®]
arylsulfatase= arylsulfatasee] 48wt olyg} FH2 S 2= carrageenan®| 3
AZ= #sts Ao Ruya o A2 a2 54 A3 Adges Ky
A A A

EooAqte] AgPAFEH Y nAES o2 agaropectin sulfatase A3
At FE a7l 91 AMYNHE et B S e E AN A

agaropectin sulfatase &4 o] ®& W5 Adsle] FAHSAG. B FFoA ALt

¥ agaropectin sulfatase:= 3] Zttd ol glycoside 23S EastA ¥ fZ2H
9] sulfate”| RS 7FEEdlste Ao R we Ak webA] oyt g4 T
sulfate”] & AgH o=z o A7AGozA A7t S daz 17t A7FE

& agarosegs AT F YT G HF FHEALEAY o]&TtsAe] 2 AR w
EEA=

weba o 2 HE REl¥ agaropectin sulfatase AAtsol FE dFE
J O 2 agaropectin sulfatase A4HS FFAI717] s daxAe gysta, U=
85 53lo] TAZEE agaropectin sulfatases A A|sle] &40 A3ied &
7T APA] &8s fg VxARE FgHsazst. 1 a

RS

o mE &
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carrageenovora=-¥ agaropectin sulfate 72 A& cloningste] 2| Z2g ol 2 9
US98 B systemS wEle] &3 F 9] agaropecting 7] =

og EijstorR MEFSAQ agarosed] S Y3 7 E2A=E

.

2gwstas g
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M 2 & = 7[sE &

uh

=] g B oagarosed] ¥ A= AAH Ao mE
st (Kim &, 1995), $d& F=st7] 918 dAA =1 28 3
#et A7 giFEEoltt (Do, 1997, Lee &, 1975, Park &, 1985). o=
agarose ¥ 1% agarose?] AAIWl #3 V& AL Feo AF= HAFIH
TEFEFYH Y Axolwt e o] = Aol

=] A5, 9%, Ao way ﬁ%o} agarose T8 HIFTOE AT
9] FANE AASY] o e ARy AU (Duckworth® Yaphe, 1971;
Laas 1972; Guiseley %, 1993; Marinho-Sorino 5, 2001). 3tz <zt Ag &=
galactose 2719 IS FHHoR AATFE e dHEd  FAHo| AW
(Guiseley, 1970), &Zteg] Ao ofate] AFo AW AFE= Asts gt
(Lonnerdal®} Laas, 1976). A% %<l agarose?] ]+ acetylation $-°l chloroform
o7 EgstAY (Araki, 1937), polyethylen glycol® 33 Fo (Flemingger %,
1990), ol&ugk Ao st F2 FHst= WHeltt (Duckworth®t Yaphe,
1971). 718553 ol 2ug Fxo] o3 W¥§ FHS dH agarosedl H
3l agarose®] A7}LE7) FHEI HspEE7F #AAastt (Duckworth®t Yaphe, 1971).
Y o] sk W] o3 A|FE agarosedl A% agaropectin®] &Yooz =u| ot
o} gt ke A7 FHrEo] Atk RHRE fr]Eujel og & o]t
FA]ell 93t agarose®] wElE & AT BE TV Ay darEe] ALk
o= AHalx &l (Duckworth®t Yaphe, 1971). Polyethylene % %3 isoprophy
alcohololl &% A7 W=7} R4t k7)o shako] Ay & 30% 7FEe 3

< YE A ot (Guiseley &, 1993). o]#3t o] 2ud A=ZwtE 2Tl <]t
agarose?] 2= DEAE-Sephadex (Duckworth®t Yaphe, 1971)9} Dowex 1x2
(Izumi, 1970)& A& Sz 247t 259 28%9] ¥ &S Yella glorm=z A
FA5e o2 APHAY. a8 F7]Evel] 23 agarose?]
sHAl Aad B ofyel, airke] AuH| gl ofo] wE k9
, 718 el ARgol wE oY ZbA &ujsa Ao AJA
7odoret A3, BES AdHIEY] AR AHATGHY AL T

o4 o
)
= e
ox W
i Lo
N oX,
ox M
2 B

1
o

rir
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=
.Lz

ro

Ho 2 HE aragose? A|F+= agaropectin¥} agarose?] £ EE o] &
wH A ol Az gdow, e Yol 9= agarose AlZARe] o] &)
Eslz 5259 Jrt. AAVA agaroseES AAE 7] 9Ete] Ao EA 5=
agaroseE w3t Ao Aol Skl AgaroseE AAEsH7] 9%k FH AF=
F718m e Fol AHITAHAE AFE35Io] agarose i agaropecting Al B %
ow HNAANA Egdt= HAHom Fr|&ujet AWM AY ARGl o3 FH A
v -go] dFetty. 2 #Fr]E&ME sty 9% SRR A, 2 e o
ofst, Ao gk o] 7HA YL AES WESH L 3

Arylsulfataset= ¥EF5E2Z5E Aol olZ7|7-x FWYsHA x5,
AEZ wel 1 7|5e =24 &4 1xH(Franco 5, 1995; Parenti 5, 1997) 2
3z} % (Lukatela %, 1998; Bond %, 1997)&= =& A%AS xdt) Atz 3
M E e} FA XS] sulfatasee] A F-9lol+= formylglycine(FGly) ©] &3l =
Aol Zuj@d Ao Fa3 93-S Frh(Dierks 5 1997; Miech % 1998; Schmidt %,
1995; Selmer 1996). o]&]dt A& FGly7lF Zwj&A 7|2 28 A] 34F ester 2%
= Adste S AU Sl a3 98s "H9dete As n @ HRecksitt &
1998). FGly 719l HAl= sulfatase &9 AAE vy lysosome?] 7]% 9
Ay Aol Aoz 4 dth(Kolodny ¢ Fluharty, 1995; Schmidt 5, 1995). %3}
A 3o 9lo] A sulfatase?] FGly< endoplasmic reticulum©l| 4] cysteine 51¥ ZH7]
o] Alzle] o8] AAEW(Dierks %, 1998; 1997) cysteine® 4A3E= ERE
translocation F ol dolvt= Ao = defx Uth

A FE 2] cytosolol]l EA43F= cysteine-type sulfatase®ts= E2], A%
9] arylsulfatase®! Klebsiella pneumoniae agaropectin sulfatase (Murooka <&,
1990)+= periplasmell <=4 3}+= serine-type sulfatase® FGly: serineo] A3} of
A E T (Miech 5, 1998). 53] Klebsiella pneumoniae®| agaropectin sulfatase?]
FGlyE serine 729 #7]o] MG 2o o9& dojdt}. Klebsiella agaropectin
sulfataseE 7oAl dAAID A &4 S AY7] "ol serine F7]2] FGly
29 A3 E colidl oM E EmES & 4 Atk (Murooka 5, 1990). Alth7h
o] & P. geruginosa® cysteine-type sulfataseE & o 2 W AlZ w] cysteine
512 FGly= AHFH oz AstAzitt (Dierks 5, 1998). Z1#Y}  Pseudomonas
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sulfatase®] cysteine 51 serinel. & hAA 7] mutantE L&A AZ ] FGlye 4
< dojutA %=t (Dierks &, 1998). ol gt A¥= E. coli7t 2 €°] FGly At
Al2=glS AU J5S on st

StH  Pseudomonas aeruginosas Al 7FA] vz ol A A AS 2
THY & agaropectin sulfatase &/do] YE= Zoz Bauxa g} ol
E& F s E arylsulfate’} sulfur 902 F93E o ety g2 s}
sulfur 9 (sulfate, sulfite, thiosulfate, cysteine)CZ FHE wjE JA|EE Ao=R
dH A duk. 18]lal Pseudomonas aeroginosa PAOZYF-E #2]¥ agaropectin
sulfatases SDS-PAGE=® 7|95 23 Fx& 57 kDao® Brexon, 4
2742 57°Cet pH 89014 yetskom, ofde] ek de] = o
TEAY oA agaropectin sulfatase=  UERYA] g oF 3 F o
agaropectin sulfatase %to] &A3t= Ao =2 HIFH 1 At (Beil 5, 1995). &
£o] Pseudomonas testosteroni=%-E A 2L sulfataseE Ho]dlo] o] 4o A
stetx EAQS Rl ow 3-hydroxy-5-cholenoic acid 3-sulfatate®] sulfate
ester 23] 7FgRdol] SolAdo] =2 HAoR HuHE tH(Tazuke &, 1998).

o] 43} o] agaropectin sulfataseo] T3+ AT += F= AHESAA S E
of &3t AFEHA AT Fse e BIAIA BHo 1vte] g9 R{ A2
Agkell w3k A= AAMA] o] FoAA A @ar Uk whEkAd 23pgk ZARES =3
Stoll Al agaropectin®] sulfate”] & #| A S Z MR agaropectine agartose® 7 FHA|

= A4 agarose A Fd AHE AGE B gA & ot

O

)
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A3 HATHY Sy ¥ Ao

Ald ATHE 2 I
1. Agaropectin sulfatase A4t F9 £ 9 &4

7h #FEYE AlsE B iR

Agaropectin sulfatase AA4F w22 st7] 91t slx2F/I7F Eo] A=
o729 o riEH s AMHASATE AT AF= 0
A AR ARESte] S5 1,0008] §5ete] ARSI WS el A=
Zobell’s 2216E medium (beef extract, 10 g; peptone, 10 g; sea water, 750 ml; tap
water, 250 ml;, agar 20g)S AF&3} Tl 183, agaropectin sulfatase AAF 5
T8 wiX= 9 iAol sulfatase A4S &<s7] st 10 mM

:

p-nitrophenyl sulfate &< 50 ulE =3l TAAHTE FEdsto] 21351

ol 7&d FFELE ABZ Agste] FFEEEE wAd sl
sulfatase A4t FF5 st =, ANEE A
Zyzt 3|4 ske] m e
o] w7l 29zt wjgEte] colon

i

o
=)

lo,

wn

o

=

Q

wQ

QO

=

=2,

>

™

ot

ik

L
|o

fr

f

t}. Sphingomonas sp. AS6330¢9 A

iy
)
s
L

shgom, el

=
MES FH+= Gram-stainingdt ¥ dnF o7
m Kovacs (1956)2]

ount Ho 2 #A3ATE Oxidase &4

rlo

, peroxidase &4 colonyE A H 05% H2telgAg9f vbSAlA SA3H4

=
3l 2 o] 53282 Biolog GN microtiter plates (BIOLOG Inc., Hayward, CA)
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2 Abghel ®Ashgt,

2) BT ARAEH

Zobell's 2216E vl A& o]-&3slo] 30°C oA 24A17F vkl 2+t Al
glste] TAE AAT. TAol 1.0 ml9® safonification A ¢F (15 g NaOH, 50 ml
methanol, 50 ml water)< 7}ataL 100°Coll Al 30 377 sle] B3 A7 % 2 ml
9] methylation A ¢F (325 ml 6 N HCI, 275 ml methyl alcohol)< 7}&}o] 80°Cell A
10 =3t kst ME Az, W45 s SRTES 71k AWt methyl
estersE n-hexaneo.® FE33Ath FE% AWAF methyl esters= gas

chromatography % 213} t}.

o
re
M

3) DNASZAAEZEA

22179 genomic DNAYE Sambrook % (1989)¢] wWrwol whe} Ee]3t
t}. 22 genomic DNAZE F3 o7 tha9 16S rDNAY primer S8F (positions
8-27)¢F primer 1492R (1492-1510)F AF-&3te] 16S rDNAE %3ttt (Edward
S, 1989; Wilson &, 1990). <% 16S rDNAT primer 8F (positions 8-27),
primer 330F (330-348), primer 515R (515-535), primer 803R (803-785), primer
927R (9270942), primer 1107F (1107-1088) % primer 1492R (1492-1510)& o]-&3}
o] ZZ&AUrt FZAES Wizard PCR prep (Promega, Madison, USA)S o] &3}
o] AA|sFAtl. DNA sequencer= BigDye terminator cycle sequencing kit (PE
Applied Biosystems, Foster City, USA)E o]&3le] ZAs Ao data:x ABI
Prism 310 Genetic Analyzer (PE Applied Biosystems, Foster City, USA)%Z 4]
s

4) ATTH £4

16S rDNA A €S GenBank databases® Sphingomonas <3} alignmentd}
o] Fitch-Margoliash (Fitch®} Margoliash, 1967)%}neighbor-joining (Saitou®} Nei,
1987) ol g}  Phylogenetic treesE  #A3Ath. Neighbor—joining ¥
Fitch-Margoliash ¥ ¢ 3% Jukes?t Cantor (1969)¢] o] wel A4 3
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t}. Erythrobacter longus & outgroup A% =2 ARS8 o™ data 412 PHYLIP
package (Felsenstein, 1993)& A}-83}91th. Neighbor-joining treet bootstrap 4
o] ulz} (Felsenstein, 1985) ¥ 7}3} it}

2
O
AT aass SASAY 18 ﬁiﬂ”ﬂﬂr Ei*ﬁ”oﬂ A= dE=e
A =79

69l NaCl& 7Fsto] #HAlE HEd § 2aA

1) Agaropectin sulfatase &4 ¢

L
o
ol

Agaropectin  sulfatase &4 p-nitrophenyl  sulfate (NPS)= -
p—nitrophenyle] 8 &5H&= ¥o g2 =AUt &48H 1 mla}t 25 mM NPS (pH
7.0) 250 ulEs ¥ESFSF= WES NS 45°Coll A 30E7F WESAZY WS 05 M

NaOH &< 1 mls #7Fete] whg-S AAA17] § A% p-nitrophenyl®] & 410
nmel X FZEE S48t 24sAH

ol S A5°Coll A 60&7F ‘i%/\]? % 3000 rpm°ﬂ/\1 St AR A & Ay
09 mlol 02 mle 3 AAF} 06 mle AN (13.3% AshutsE - 2.67%
Tween #30 &)L 7}ste] &3 T Ao 3083 W2 F& 420 nmolA SF =

% =439k

2) §AA7AE o] &3 F4AEA

Aaropectin  sulfatase 42  p-nitrophenyl sulfate (NPS)=Z5-E
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p-nitrophenyl®] &%+ oz FASIT. €489 1 ml¥} 25 mM NPS, pH
7.0, 250 ulE E¥e= WS HE 45°ColA 1A FF WHEAF T REE2 05 M
NaOH &< 1 mlS H7tste=24 XA Y. 283l A4 ¥ p-nitrophenyl 410

1
nml A FREE EYstel 1 F FaAstart

7F. A A
10 L 2azoa 297+ wjdw Sphingomonas sp. AS6330S A&
(8000 x g , 20 min)éte] FAE F|FaArh ¢ FAE 1 mM PMSF9F 0.1%
Triton X-100°] ¥3%t¥ 20 mM Tris-HCl (pH 7.002 A7 v, =53 32
712 AEZE st AAEY (10,000 x g, 20 min)dtAith A5HS 20 mM
Tris-HCl (pH 7.0)02. %2 #H&3}lE Q-Sepharose Zd (25 x 12 cm)oll S2AA Z+
= 0.1-05 M NaCl& 3
= Y 4FE&d (400 mheE AN FETHHOR §EAIF T Sulfatase 9
S Ro}lA ammonium sulfate (A. S.)& =7} 2.0 Mo| HA * 4
& 20 mM Tris-HCl (pH 7091 1.0 M AS7F 38 gsdoz 3
phenyl-sepharose Zr&o] A&%HATH T4 1 M-0 M ASS dHdle 5495

4 (300 mhez AXA FETHHE o] &3te] 8F33 T}t Sulfatase S &

Aol FAHA e wNAL AAD F, FHE 502

O

e "HA"ez  GPC ZHE  olgste]  AAEv. AAmLe AA

SDS-PAGE® 335} o}

U, 2% 54
w2 ¥ agaropectin sulfatase®] ##}#-2 OHpak KB-805 HQ GPC Z#

(ShodexAt, ¥)S o] &ste] Aojaz FASIG T AoAe 4FH 01 M
NaCl& g3k 20 mM Tris-HCl (pH 7.0)& 8-S A3t 2 2] void volume

& Dextran 20008 AH&3te] ZFsgon, RAPANS AF FFUwLe

Lo,

_26_



tyroglobin (670 kDa), bovine gamma globulin (158 kDa), ovalbumin (44 kDa),
myoglobin (17 kDa) % vitamin B-12 (1.35 kDa)& A}-83}$t}.

SDS-PAGE+ Laemmli (1970) ®Hell wel 10% polyacrylamide Z2-& AF&-3}%t.
Bag AArSs 93k g5 @9 AS phosphorylase (97.4 kDa), BSA (66 kDa),
carbonic anhydrase (29 kDa), soybean trypsin inhibitor (20.1 kDa) % lactalbumin
(142 kDa)& A-&3aSith

o 249 EHAHxA
A pH: 849 A wg pHE AASH7] 93t 4542 0.1M citrate/0.2
M sodium phosphate (pH 4.0-7.0), 0.IM Tris-HCl (pH 7.0-9.0), = 0.IM sodium
carbonate buffer (pH8.8-10.1)2 AF&3})
HA Lk ZF 2489 tiste] WEEEEE WHEAA fFEEHo] YoE
o

g Fe ZHFORA B2BYY LRy

2. 714 5ol
dAlEae] 7ESAS  EAstyl fske] dEA] FGAuERel
porphyran, fucoidan, k-carrageenan % 3tHS Al&3t9t. g dFE 03%9
FE2 01 M Tirs-HCl (pH 7.0)o =91 % 45°Co A 30&7F HESA1 71 &
k7] shEFS Dodgson®}t Price?] W (1963) whe} AA 3Gt &, 40894 1
ml (0.2 M Tris-HCI, pH 7.00% 9 mle] 5% &toidF dge) & 45°Cel A 60
HES A7 3 3000 rpmol A 5&7F LAlEE A7l 3 A5 09 mlol] 0.2 mle
mle] HdEH (13.3% HvtE - 2.67% Tween #30 & A)S 7}st

6
of £ F A2olA 3023 WA F 420 nmel A FFE=E S8

Michaelis-Menten 4 (Km')¢} HAWHgHE (Vmax)© 2 59 713
G Ao dste] Qg% 45°Coll A, HHEAI ()Y FElFHo bes AEEY S
=43l Lineweaver-Burk2lell w2} 3}ttt (Dixon¥ Webb, 1979). SvujA 4

Lo,

(Kcat)©= &2 lmoleo] 137t FeAl7l= WA ESY] o=z Altsta, a4
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ZE& (Keat/Km)%= 3F3Ath

2) EEO (Electroendosmosis)

EEO+: agaroseo] 3H4b7] = pyruvate 2719 5 =A3:= WRyo=z
FA3E ¥ =Ho| agarose Aol EATFOZA DNASH 22 EHO H7]ols
S et mEka EEO9 ZA 2 agarose? %5 UERE A x7F ¥, EEO
o] =48 dextran¥ albuming FAlol H7PEse] ZHI olul EEOE
dextran®] ©]%5 A2 (OD)E dextran¥} albumin(OA)2] % ©°]& A2 (OD+OA)Z 1
Fole ge= Yy (FMC T+ 4).

oD

M =50 + oA

3 A A=

Z} Alge A Fro AL JIS 1Fd wEr. =, 'Jid, agarose, 1<%
)

agarose % agarose F+E=A9 A HAEE 10 ¥ 15%9 v=7 HEE5 FHF
ANBE HA7Vete] 7tgsle] et (105, 10729 autoclavorE Ab&si= F1Hslh). o]
71 & " 2gHn

E Hlo]A X+ petri disholl 531 2004 15A]3F #Fx] &t gelshA
HE Ab&3stel S4st3th

4) A% 2%
Zr Algel As 2k SAHL JIS A wEY F 15% v&7 HEE
52 A5E AFEHQ2 x 20 cm)oll Wo] #7] Hol SEAE YolA FAR &5
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Soj2e] LEAS AAwo] Po| Lete
sheith.

rir
>,
o
1o
rlo
b
et
AN
o
ol
2
i)
oy
rlo
b

il

f

3!
i
amd (40
ju)

2t ARl Aol wxe 22X FAHL JIS Add wmeEn F, 15% w7t
HEE 5 ARS AFHEHE x 20 cm)ell Bof 27] Aol SRAE Yol A
5, 2o Yol 45 7hetuA 2=A S Adde] ZEHeE A 228 S
Aote] Ao vt

3. Agaropectin sulfatase ™) ZFA A
7}. Aaropectin sulfatase 328 LA +5 L FAAS

Sulfated polysaccharide®] €% ZFul st= Aoz &# % Pseudomonas
carrageenovora 3 agaropectin sulfataseE genomic DNAZHFE PCRE &3
984 bpe FHAE FEZ&U [Bond 5, 1997; Dhevendaran 5, 1980]. o] uwj A}
43 primer= forward: 5 -CGGGATCCCATGCAAAAAATTAGTATTATA-3’
(underline: BamH 1) reverse (2%F): 5-CCAAGCTTTTAGCGTTTTAGTTC
GTAAC-3'(underline :Hind M), 5 -CCAAGCTTGCGTTTTAGTTCG TAAC-3’
£ Abgsle] 538k th(underline ‘Hind ). w&tolA @dAAI7]7] 984 PCR
<33t agaropectin sulfatase 2 AF (astA)E &t cloning vector?]l pBluescript

I SK

(H)oll Adstdth (pBlue-ast).

i

. ¥g plasmid 7+&

pBlue-ast plasmid®] ¢ 1 Kbe| agaropectin sulfatase fdx ©#HE #| 3
4 (Hindlll, BamH 1) °©]&3lo] pET2la vectorel] A3t E. colio] 32 H3%
th FAHZE host ¥ E. coli DH5a¢} E. coli BL21(DE3)< AF8-3F%)t
A3t e]l A¥ujx]= LB 8iA|o] 30 ug/mle] ampicillin® 1 mMe] IPTG % 50
mM®] 4-methylumbelliferylsulfataseES -3} sulfatase FAAS E3Hsl= 2

Agire AAF 5 s Sk

¥ o
_O‘L

ot

()
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9. FAA dedd 75

THA BAAS FE57] 98 GEA @A plasmid pAST-Ald] A &i
(BamHI, HindIll)% =] €]
subcloning a9tk 75 A7 plasmid7t ol A FHE=AE Flstr] 9
a plate Aol TS FQAsqdrh ol WA= 1A i wigE wA
LB agar®f Ao ampicillin (30 pxg/ml)¥} 4-methyllumbelliferyl sulfate (50 mM) *

ek A wHel A$E IPTGE A/bek e wAs A

¥ agaropectin sulfatase DNA fragmentE pHCE-IA vectorel

Z}. Chaperoned®} %3
pGroll (5.9 kb)el groEL/ES & plasmid=Z% selection marker=

tetracycline chloramphenicol (Cm)& 7}Aa2 oW, groEL/ES &d F=&%
s

aQ
=
aQ
Q.
=3
o
wn
(@)
Ll
>
>
ofo
P,L
rir
s,
9,
v
It
v
(o}
5
~
—
t
[@))
©
o
-
S5
rir
s
g
S
h
&
g
T
ok
ftlo
o
:(|>l:1

tetracyclineS AF&3}H, & U}E chaperone?l dna K/dna]/grpES 3
olt}y. dnaK/dnaj/grpE2] &S 93 arabinoseE AF-&3}%1t.
o] F=%  chaperone plasmid 3+ pAST-Al1 74 E  coli
BL21(DE3)¢ll co-transformationste] 41 &uj#] (LBACm)E Ah&3ste] 4 dsd
5  AHESEY. Chaperone  plasmid®}  sulfatase 23 plasmid®}f
co-transformationd} A t}. co-transformation® ™+ A EZ+= ampicillin (30 pxg/ml)
3} chloramphenicol (14 pg/ml, chaperone & plasmide] A1W)o] 7}% ) x| of A

A skl
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A 2Ad AF+ZAY
1. Agaropectin sulfatase AAt#59 8 2 534

7}. Sphingomonas sp. AS63302] A

1) 24248079 24

Agaropectin sulfataseE AAtst= 55 E25H7] fs5te] o4, 4 59
29w ol Yo gRE SFE 23 —nitrophenylsulfateﬂ 5 mMe =
2 H7}E Zobell's 2216e HiA| o] AlRE T3 F 30°Coll A 2947 vjek & F=Y
T SAgS AskstE 3T o TE wElste]  AS6330, AS6331 2 AS6332=
Bt 2ol = AS6330 wF7F NPS® #alsol 7Hd =4 dEuion
A el o) FHFo Faky] BaleS Z5He] agaropectin sulfatase B4
St
2) FEg3 54

2o Gram FMA¥ 2 Gram-negative®Z W EAow Fe= o

2 #AFHYe) 183 BT 540 ddon, oxidased catalase-FAd S

EFQITE (Table 1). #2872 ZoBell 2216E g A ¢} tryptic soy WA S o
&3ko] 30°Col A 343 mj gt A3 &8 colonyE PR wjg7Izte] 5
7}k wel HekskA o 2 WMl th Biolog GN platesE ©] 83 &43}& 9] &3}

245 BA3 A3} L-arabinose, cellobiose, D-galactose, gentiobiose, D-glucose,

L-rhamnose && +&|io] o] &3t}

S|

o] AWake B3 A3 14-18 /9] @AY AE AY= At 15
Zo] BAFQom 15 A octadecenoic acid (C18:1)7} 2.3 Fuato 2 3
ok 283l 2-hydroxymyristic acid (C14:0 20H)7} hydroxylst® 58 =] W4k
o2 AgE
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Table 1. Cellular fatty acid composition and phenotypic
properties of isolated AS6330

Fatty acid Composition (%)
C14:0 1.29
C15:0 0.26
C14:0 20H 8.50
C16:1wbc 2.23
C16:1w7c/C15:0 iso 20H 7.27
C16:0 7.74
C15:0 20H 0.26
C17:1weéc 3.00
C16:1iso 30H 0.51
C16:0 20H 0.42
C18:1w7c 62.5
C18:1wbc 2.74
C18:0 0.30
11 methyl 18:1w7c 2.68
C18:1 20H 0.32

Phenotypic properties

Morphology Rods
Motility +
Oxidase +
Catalase +

Color of colony ~ Deep yellow
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4) DNASZA A LZET

AMAR SR Ao = vAE 54 dlolgwo]2~7F Ribosomal DNA
Aol ITS(Internal transcribed spacer) % Large ribosomal RNA2] D1-D2
ol thste] o] Fojx k7] uwjitol], o] F FES VIE d9E AVIALS #Ast
16S rDNA 32} Ao 2A oEstar vk AA7HA ezl At &
TORE, o5 F AIT T XF wFol tiste] 16S rDNA Fdxke] d7|Ado]
o] lor s FAstaAr s w52l 16S rDNA FAE E4s1H, o] #57}
Aol A o= Foll 7I7hEAE & 4 A Erh wekA Zeld dFE 2o
A &gstrl #1ste]l 165 rDNASl f7IM A& w43t skl E. coli®] 16S
rDNA®] HEHQl F3+S primer® AR&3ste] A4 PCR 4HE<S DNA sequencer
2 13 725 B4 BEE 755 5457 $15+ AlE¥ primers Table
201 et wie} o} Tabledl YERY primerES ARE3Fo] EA41® 16S rDNA2] A
A& Fig. 1o veR AT

m=}

rr

4%

A
3

2

==

o

244 16S rDNA<C 1429 bp (Fig. 1)& Genebank®] BLAST searchE &
sfo] B3 Ayl 249 Sphingomonas spp.2] 16S rDNA A3} =2 A5AS
UEF At 16S tDNAE #4138k A3t B2 Sphingomonas species® 3 & $1

5 o] &3k AFEstye A4S sty B4 A3 BEe Sphingomonasol
st on (Fig. 2), 7F4 8 =7 %S Sphingomonas xenophaga DSM6383 <+ 2}

o] JEAdLe 96.35%= UERSTE (Table 3). A =rA14Ql gelol &) 12 +x2&

g3t AVIME S BT FAMEZE 97% oldlolH thE Fo= EH 4 Qlth
whebA] B Ao A B 8® Sphingomonas sp. AS6330& MEE Fo® HAuhn g
ow  Sphingomonas sp. AS6330°0.2 W slo] AW FeAde #FE Vg o,
2= GenBankdll ‘55331t (accession No. AY206698).

AlTto] 16S rDNA A el o3k o] T4 HL FABES ] W o
2 B stE Wy oltl (Woes, 1987). 16S rDNA A #ke] 54 o] 97% ol&tel H
% DNA reassociation @< 60% ©|sle]™  (Stackebrandt®} Goebel, 1994), A=

8 Tom dAHIL Jdv (Wayne &, 1987). 2]t o] A4k 242
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Table 2. List of primers for amplification and sequencing of 16S rDNA
region of Sphingomonas sp. AS6330

Primer Type Sequence(5’-3") Tm Ori.

prokl 8-27 PCR & Sequencing AGAGTTTGATCCTGGCTCAG 60.4  Forward

prok3  330-348 Sequencing CGGYCCAGACTCCTACGGG 634  Forward
prokd  515-53bH Sequencing TTACCGCGGCTGCTGGCAC 715 Reverse
prokb  803-78 Sequencing CTACCAGGGTATCTAATCC 524 Reverse
prok6  927-942 Sequencing GGGCCCGCACAAGCGG 72.1 Reverse

prok7 1107-1088 Sequencing GCTCGTTGCGGGACTTAACC 689  Forward

prok8 1477-1492 PCR & Sequencing GGTTACCTTGTTACGACTT 53 Reverse

_34_



CGAACGCTGGCGGCATGCCTAAACATGCAAGTCGAACGATCCCTTCGGG
GATAGTGGCGCACGGGTGCGTAACGCGTGGGAATCTGCCCTTGGGTTCGG
AATAACGTCGGGAAACTGACGCTAATACCGGATGATGACGTAAGTCCAAA
GATTTATCGCCCAGGGATGAGCCCGCGTAGGATTAGCTAGTTGGTGGGGT
AAAGGCCTACCAAGGCGACGATCCTTAGCTGGTCTGAGAGGATGATCAGC
CACACTGGGACTGAGACACGGCCCATACTCCTACGGGAGGCAGCAGTAGG
GAATATTGGCAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGA
TGAAGGCCTTAGGGTTGTAAAGCTCTTTTACCAGAGATGATAATGACAGT
ATCTGGGGAATAAGCCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATAC
GGAGGGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGC
GGCGATTTAAGTCAGAGGTGAAAGCCCGGGGCTCAACCCCGGAACTGCCT
TTGAGACTGGATTGCTTGAATCCGGGAGAGGTGAGTGGAATTCCGAGTGT
AGAGGTGAAATTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGGCT
CACTGGACCGGCATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATAACYAGCTGCCGG
GGCACATGGTGTTTCGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGG
GGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCTGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCA
ACGTTTGACATCCTCATCGCGATTTCCAGAGATGGATTTCTTCAGTTCGG
CTGGATGAGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA
TGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTTTAGTTGCCAGC
ATTTGGTTGGGTACTCTAAAGGAACCGCCGGTGATAAGCCGGAGGAAGGT
GGGGATGACGTCAAGTCCTCATGGCCCTTACGCGTTGGGCTACACACGTG
CTACAATGGCGACTACAGTGGGCAGCGACCTCGCGAGGGGGAGCTAATCT
CCAAAAGTCGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAG
GCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCC
AGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTGGATTCACTCGAA
GGCGTTGAGCTAACCGCAAGGAGGCAGGCGACCACAGTGGGTTTAGCGAC
TGGGGTGAAGTCGTAACAAGGTAGCCGTA

Fig. 1. Full sequence of 16S rDNA of Sphingomonas sp. AS6330.
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Sphingomonas paucimobilis (Yabuuchi %, 1999)¢} A o1, E Ao /‘P*O“
H A AE FPA =" A= database®t= A A eFkth whEbA et

o gt A 5435 -?43}04 16S rDNA M E& 43 23 S xenophaga@r 7}k
= AEA (96.35%)S YERATE 24%F 9 Sphingomonas 3 E# 19 16S
rDNA A 4$& v, v‘i“—*.? A3 97% olste] FEdS WEldy] wol 2 AT
o A WrAZE B i& Sphingomonass% 9 Ao ® FhE Qi)

1}, Agaropectin sulfatase A4 Wl gZA

1) #3 pH
%714 pHE 4.0 - 9082 -3 7|xujAdd ZdFE 7T F 30°C
o Al 150 rpmo & WWHEHEA 72 AlZF B9 v Ay AEALFLS TG AN
A vEtsten, g4 pH 7.00A4 7HE =4 UEETE (Fig. 3). EAAAS
pH 7.07H4 pH Zolell uwtel Frtstom, dze] JAdA vtA Yergth 1e
At SAL g oA FFE wA Fhovd, TANLE dZE] oA

FA8 vobal

2) H4 2=

weEle] mAE pH 70082 A F 20, 25, 30, 35 % 40°CelA] 397t
et & 75T E2ANSS SASAY, 1 Ad dFA N g e
L= 30°C7HA = HlE A eR FUkst oy 35°Col e A i Ay
Ao, TS verA ekt (Fig. 4).

AA7HA EelE FES AGATES Proteobacteria  a-subclassel 43}

Lo ae wet fastH, dET EAY ggde st

A GeE Ao HuHEI Qom EIE Proteobacteria a-subclassE2 A Aol
as o7 4 At} (Gonzalez?t Moran, 1997). wehA
F2lire] NaCl 94 S S43 237 NaCl 05% ol A= 52410 o] ek
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Table 3. Result of similarity analysis using BLAST

Strain % Similarity nucleotide
compared
Sphingomonas xenophaga DSM 6383T 96.35 1426
Sphingomonas chlorophenolica ATCC 33790T 96.15 1428
Sphingomonas yanoikuyae GIFU 9882T 95.94 1428
Sphingomonas herbicidovorans DSM 11019T 94.68 1429
Sphingomonas suberifaciens 1IFO 15211T 94.54 1393
Sphingomonas parapaucimobilis IFO 15100T 94.32 1373
Sphingomonas sanguinis [FO 13937T 94.14 1382
Sphingomonas rosa IFO 15208T 94.03 1357
Sphingomonas asaccharolytica IFO 10564T 93.97 1426
Sphingomonas adhaesiva GIFU 11458T 93.95 1421
Sphingomonas mali IFO 10550T 93.68 1423
Sphingomonas pruni [FO 15498T 93.61 1423
Sphingomonas paucimobilis GIFU 2395T 93.40 1424
Sphingomonas subarctica DSM 10700T 93.34 1426
Sphingomonas ursincola DSM 9006T 93.14 1429
Sphingomonas trueperi LMG 2142T 92.92 1426
Sphingomonas capsulata GIFU 11526T 92.91 1424
Sphingomonas natatoria DSM 3183T 92.89 1407
Sphingomonas aromaticivorans DSM 12444T 92.86 1386
Sphingomonas subterranea DSM 12447T 92.67 1392
Sphingomonas macrogoltabidus IFO 15033T 92.51 1388
Sphingomonas stygia DSM 12445T 92.44 1297
Sphingomonas terrae IFO 15098T 92.43 1374
Sphingomonas echinoides DSM 1805T 92.18 1420
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Erythrobacter longus

Sphingomonas terrae
Sphingomonas macrogoltabidus

Sphingomonas suberifaciens
Sphingomonas yanoikuyae

Sphingomonas
herbicidovor

Sphingomonas
chlorophenol

44 Sphingomonas xenophaga
Sphingononas sp. AS6330

_ Sphingomonas
echinoides

_ | —— Sphingomonas
asaccharolytica

Sphingomonas mali
Sphingomonas pruni
Sphingomonas adhaesiva

| L Sphingomonas
truepe
Sphingomonas
pauci
Sphingomonas
sanguinis
Sphingomonas
parapaucimob

| Sphingomonas ursincola

L

Sphingomonas natatoria

Sphingomonas subarctica

Sphingomonas rosa
# Sphingomonas stygia

Sphingomonas capsulata

Sphingomonas aromaticivorans

0.01 — Sphingomonas subterranea

Fig. 2. Phylogenetic neighbor—joining tree obtained from the 16S rDNA sequence

analysis.
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H1

om gAagA e A8 AT S A T HA Nall v&+

15- 35%= vegor, g8 93 4 NaCl %% 20- 35%%2 ey
(Fig. 5). g =2RE F8d TGN TS A4S A d85=d ozt st
A Egdd. AZIATS 2-3% NaCl F=dolA, FIZFAFL 5-20%2
NaCl s=delA, nFZPATS NaCl Tahsmdols A2 g3 " 2
ATeA EEd # AsdAToR T TAAANS fleke] 1.5-3.0%9] NaCl
S a738he o ® AUEITH

juked

4) HA TEATE
ol Atz o wEzAdA WEAZlY WE FAZAY FAANS =X
7] 91ate] 50 miE AujkE FAES 10 Lo i zo] dEate] pH 7.0, 30°Co A 4
A3ttt Fig. 60 veERduLel o] o
AT E4a8F2 TE 4840 HA = deiwow, HaAzkE A%siy e
o

Y

ol
-

TES A EES AFA e A2l HollA F83 TS 93
stH, 53] olelg mAEZYYH FHlse 24252 FEAS HAEFTTAA B
ol g7tsA ol A7IH L Atk (Gonzalez$t Moran, 1997). & SozHE Eod

>
b

Proteobacteria®] a-subclasst© lignin 35 (Gonzalez %, 1997), &7]% 2t
(Sorokin, 1995), #7138 #3] (Ledyard %, 1993), polyaromatic hydrocarbon l}sﬂ
(Chung ¥} King, 2001) 59 st Aab7]sel = AL2 gadvy e <
o]  Proteobacteria a-subclassE-< ol shxFol FoAdRE 3o =3 &
g5t AoR d#HA At} (Gonzalez and Moran, 1997). & Ao A ¥ 2
ol A ot 22 FATFGF Eaflol FoF ddS & Aor o
M B EES g Ta2dAS AY7] wiol] A7 AEeE <l
Soll FuldEds & F glon, nAETLrd 9% FI}EH Edl= Kertesz
(1999)ell oaf AAA oz Buwi rhafgu P&l o3 FAvIdFo o] &
A FAggdFe gdFEdaiel o8 34t disaccharide® #8f ¥ a1, &-3uks-
3} disaccharide®] #3f % How Fafuo] wAES] L

2 o]g% a1 gitt ol¢E =¥ mucinel tXH 3= WA E carbohydarate hydrase

r]I

et

=2
T,
ofl
il
of!
=
HU
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Fig. 3. Effect of initial medium pH on the growth of AS6330 and sulfatase activity.
Basal media adjusted to 4.0-9.5 were sterilized and incubated at 30°C with 150 rpm

shaking after inoculation of glycerol stock. Cell growth and enzyme activity were
determined after incubation for 3 days.
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Fig. 4. Effect of incubation temperature on the growth of AS6330 and sulfatase activity.
Basal media adjusted to pH 7.0 were sterilized and incubated at indicated
temperature with 150 rpm shaking after inoculation of glycerol stock. Cell growth
and enzyme activity were determined after incubation for 3 days.
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Cell growth at 600 nm, —O—
Activity (U/mIx10%), —@—

0.0 2.0 4.0 6.0 8.0

NaCl concentration (%o)

Fig. 5. Effect of NaCl concentration on the growth of AS6330 and sulfatase activity.
Basal media (pH 7.0) containing different concentration of NaCl were sterilized and
incubated at 30°C with 150 rpm shaking after inoculation of glycerol stock. Cell
growth and enzyme activity were determined after incubation for 3 days.
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Cell growth at 600 nm, —O—
Activity (U/mIx10%), —@—
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Fermentation time (hr)

Fig. 6. Effect of fermentation time on the growth of AS6330 and sulfatase activity.
Basal medium (pH 7.0) containing 2.5% NaCl was sterilized and inoculated with
overnight culture of AS6330. Fermentation was performed at 30°C with 250 rpm
and 1.0 v.v.m aeration. Cell growth and enzyme activity were determined at
indicated times.
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mucin®] #-&3+e] mucin® E31gle] carbohydarate hydrasee] ¢ 3pakuto] =)A=
t}  (Roberton®} Wright, 1997). &3t Alteromonas carrageenovora= -8 H2|¥
carbohydrate sulfatase= ZZ/F9 St diF Fallo T3 95 st o=

Bu¥E3 vt (Barbeyron &, 1995). &2 AM+tA carbohydate sulfataseE <
gagdozy i el F= dofsitt gy BEAFoA EElE dTe
gHH 9] glycoside 29 #afiglo] A7 wh SolH o g AAs= o= e

2. Agaropectin sulfatase®] AA < EA 4

7F. 249 AA

Agaropectin sulfatase A2HS 913k Sphingomonas sp. AS63302] A wtg x 71
< ol gy on, e aihAA ZHstelA 50 L HEaFRE o] 83519 484
7F vikst Ay Sphingomonas sp. AS6330 Al 400 g& ATt A 5wl o
20 mM Tris-HCl €5 (pH 7.0)% 7Fsto] 253 712 Mxws gt &
A s 27 1.800 mle] 5 4NS AU 2549 2 g9 streptomycins
7kstel DNAE AlAS $ Q-Sepharose Zd (3x10 cm)ell @ d-s F2A|Z o
H &2 e G A S Joading 5oz AL F 01-05 M NaCl Qo2 HAAFE
THfjel &t FAlel] = S 23 A3 03-04 M NaCl sZ=tiolA
A= Fiol AT (Fig. 7). 8l ¥ sulfatase &

]
ol g HEe Hob 20 M FAd R §98 Y Aokl AFFEES 1.0 M2

l‘

o g

3
cm)ell FHA 5 1.0-0 M| tdEgo] dwd dF SHe2 a4E

2 3 5
ATh 1 A} agaropectin sulfatasev AP EFS] FE7F AL 04 7 FE

ol E&EAtt (Fig. 8). ]9 agaropectin sulfataseE 20 mM Tris-HCl (pH
70) Aoz 4uj2 X A7l F FPLCO HFZ % Resource-S ZHS E3A A 1

Bapeke] vlgh FAFES AAANHY. Resource-S ZAHS 33 §AgHS
ono-Q Zdel FFAIZ F AM s ulyel ot g4 A

= M
AEZE FAA AT Mono-Q Ze mZzZntE1giy o] ¢3lo] agaropectin sulfatase
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Fig. 7. Q-sepharose chromatogram of the crude extract from Sphingomonas
AS6330. Flow rate was 120 ml/hr and the fraction volume was 5 ml/tube. The
agaropectin sulfatase was eluted with a linear gradient of 0.1 - 0.5 M NaCl in 0.02
M Tris-HCI buffer (pH 7.0). The Az was measured after 150 ul of each fraction
was diluted 10 times with the eluent.
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Fig. 8. Phenyl-Sepharose chromatogram of sulfatase fraction from Q-sepharose
chromatography. The flow rate was 60 ml/hr and the volume of each fraction was
5ml/tube. The agaropectin sulfatase was eluted with a gradient of 1.0 - 0 M (NH4)>SO; in
0.02 M Tris-HCI buffer, pH 7.0. The Az was measured after 150 ul of each fraction was
diluted 10 times with the same bulffer.
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Fig. 9. Mono-Q chromatograms of sulfatase fraction from phenyl-Sepharose
chromatograph.

Flow rate was 0.5 ml/min and the fraction volume was 0.5 ml/tube. When the AU at
y axis is 1, the protein concentration equals 0.6 mg/ml. ml at x axis is the volume of eluants.
The arrows indicate the peak where the fraction with the most strong activity appeared. In
every case, the fractions with agaropectin sulfatase activity were found at 0.3 to 0.4 M NaCl
concentration.

(a) Proteins was eluted with a fast gradient. (b) The active fractions from figure 4-a was
diluted 5 times with 0.02 M Tris-HCI buffer (pH 7.0) and loaded onto the column again.
Proteins were eluted with a slow gradient so that the peaks could be identified more clearly.
(c) The active fractions from figure 4-b were diluted 5 times with 0.02 M Tris-HCl buffer
(pH 7.0) and loaded onto the column again. Proteins were eluted with a slow gradient. The
peak finally appeared as one. (d) 100 ul of samples were taken from the active mono-Q
fractions of figure 4-c, concentrated by TCA precipitations and then loaded onto 15 %
SDS-PAGE. Although mono-Q chromatogram showed a single peak, samples appeared as
four bands.
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+ @9F%E 03-04 M FZoA &E5 3ok FPLCE ©] &% Mono-Q column® =5
28NS Y HHESte] G40 AAEE =Sl Fig 9o Webdat
¥ Ehe g EAE dde] AAEJOH 25 o] A
AL & F Ak o]Hg 23 Mono-Q FAZwE 1 5] o
ojste] 66 kDa o] d¥= ©uid2 aaAor AAHASH, 45 kDast 63 kDa2l
A Mevre] gttt mepA JALEE Fol7] fste] EAgES Aoyg 4

I odd @A vas 4d4& 5 A (Fig. 10). 293z 4
B A ddm=e] Guld S ddon (Fig. 11), ©

HU

ot
Mo
o
%
<
Q
=
2
o
ol
ol
)

oyt & Ao AAFA oJste] HFH R A2 agaropectin sulfatase

o] AAEE 1280002 Z7tstdon F8L 191%= el 7hzhe] A A v A of

= 3 &2 Table 40 vepbdniel 2o A Al

H Eae &AL 45°C pH 70014 972 U Yebyth
Flae

A
= 483k Ta

4, WA, ©

Sphingomonas sp. AS6330 %of agaropectin
sulfatase S A A3 dAUNe dAHAA &Ao] veEbTh ey g F
ol gAagde FAUAA YHElgor2 gAHAE 93 A5 daFe 1A
= AFESEAT ol 8 &Aho] EA+=A. carrageenovora®l agaropectin sulfatase:=
periplasmic-space % +external-membrane®] £A3tttE B a9l A Xt ATt
(Barbeyron &, 1995). AAl &4 9] X #2 Aot 93] 41 kDaZ eSS
SDS-PAGE®l fsf Attdl £xgFnt g4 s vest, S me Z}
ol Apol= wd Ak A EAWES Aoz JAEth phenyl-Sepharose

i

column chromatography$t 23 &AW A2 gmmonium sulfate®] F%=7F A< ¢l

& g28 A4 AT AL L F DAk

0 BAE 24
Sphingomonas  sp. AS6330=%E  AA|¥  agaropectin  sulfataseZ
SDS-PAGE=Z #A7|9&3 Ay EA#HS 64 kDalez g1¥E o (Fig 12), GPC
2 2T Ay EAFES 41 kDa®2 rHE AT (Fig. 13). ol 21§ Exbde] Aol
phenyl-Sepharose = ZwFE L2 3]o]A vrEpdubel o] E A2 AY AL Q=
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Fig. 10. GPC chromatogram of Mono-Q chromatography.

100 ul of an active mono-Q fraction from figure 3-(c) were loaded onto GPC column.
The small peak indicates agaropectin sulfatase and it appeared at the position of 64 kDa
in SDS-PAGE.
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Fig. 11. SDS-PAGE of the purified agaropectin sulfatase from Sphingomonas sp.
AS6330. Lane 1, agaropectin sulfatase after gel filtration; lane M, marker proteins.
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Table 4. Purification of agaropectin sulfatase from Sphingomonas sp. AS6330

Fraction Volume Protein Activity Specific  Purity  Yield
(ml) conc.  (U/ml) activity (%)
(mg/ml) (U/mg)

Cell homogenate 2,600 3.86 0.0294 0.00762 1.0 100
Q-Sepharose 158 1.86 0.416 0.224 29.4 86.0

Phenyl-Sep 60 0.27 0.655 2.430 319 52.1
1'st Mono-Q 10 0.18 3.09 17.2 2,260 40.4
2'nd Mono-Q 3 0.16 8.14 50.9 6,680 31.9
GPC 3 0.05 4.86 97.2 12,800 19.1

Enzyme activities were determined with 5 mM NPS at 45°C and at pH 7.0.
Phenyl-Sepharose fraction was divided into 5 aliquots and run 5 times giving the 1'st
Mono-Q chromatographies. A 2'nd Mono-Q fraction was divided into 6 aliquots and
run 6 times for the 2'nd Mono-Q chromatographies.
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A wjEQ AoR FAHELY. 535 GPCEOE Superose gelS AR&3to] Ex}a

oM @A FaLe] oFo] AAH 7] Wl HAA A EAF
A Jebdtla Haxa vk (Edwards %, 1993; Beil %, 1995). H ol
¥ GPCE¥ Z¥ (Shodex OHpak KB-865, ¥¥)% Superose®} A3 34

f

A

ol

ki
oo b

Eo TS Ad 9@ulE Ag Ao A FA9 AFcto
of §&o] AA Hu =olxA AAe #AF Hop @& fgor AEtes B
A =3t At (Edwards and Dubin 1993). =, P. aeruginosawas®4-E
agaropectin sulfatase®] 49 SDS-PAGEe°| 9J&] A% 57 kDaz A
L, Aojytol] o)) Bxwke 39 kDa® R al¥ il vt (Beil et al. 1995). ® &
A oj A 9] agaropectin sulfatase®] TA#H FAHA] AP HLS B2 QAE A A S}
Aee & F AR, dAA7Ae] Ayel] o5ty EHd Eihve HE ATA
agaropectin sulfatase (Beil et al. 1995; Ueki et al. 1995a; 1995bh) ¢} w}z7pA] &
monomer=4  ZAFE 7HES & F AU B AFlA AMEE GPCE #
(Shodex OHpak KB-865, ¥¥ )% Superose®} A dAto] dojut Aoz o
Ht}. Sphingomonas sp. AS6330°0. 25 Hg]¥ agaropectin sulfatase?] #AF#-

—]

A

==

7
2

~

2
o

A

-
2

ol
f

ox ot

Pseudomonas aeruginosa@ 58 F2]¥ 60 kDa®] agaropectin sulfatase (Beil %,
1995) % Klebsiella pneumoniae=%-8 +2l¥ 62 kDa®] A&y} FAFSE o=
FaEtt (Miech &, 1997). 18]y Streptomyces griseorubiginosus=5¥ 2] %
arylsulfatse®] #xt#S ®Wtl 1o 45 kDa® B3 o}t (Ueki 5, 1995).

_52_



Molecular weight

9.74e+4 H ¢ Phosphorylase B
Bovine serum albumin
6.60e+4 -
Arylsulfatase
4.50e+4 A Ovalamumin
3.00e+4 - Carbonic anhydrolase
2.0le+4 +
Trypsin inhibitor
1.44e+4 - _
Lactalbumin
0.0 0.2 0.4 0.6

R

Fig. 12. Determination of molecular weight of purified arylsulfatase fron
Sphingomonas AS6330 by SDS-PAGE.
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le+6

Thyroglobin (670 kDa)
IgG (158 kDa)
le+5 -
% Agaropectin
= Sulfatase (41kDa) —=
e
le+4
Vitamin B-12 (1.35 kDa)
le+3 T T | |
15 1.8 2.1 2.4 2.7
Ve/Vo

Fig. 13. Determination of molecular weight of the purified agaropectin sulfatase by

GPC. GPC was performed with OHpak KB-865 gel permeation chromatography
column attached to an HPLC system (HP1050, CA).
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L2 ) L & S

1) Agaropectin sulfatase®] pH &4

Sphingomonas sp. AS63302. 2 H-E] A A ¥l agaropectin sulfatase®] pH o]&
32 Fig. 140 yepbukel 2oy T ol yebskke] xS 714 = ARt 494
= SA% A3 242 pH 6.0014 857HA Wl R 9elA vErwow, A &d S pH

7.0001 4 YER T pH 5.0 ©]38te] Ak g Aol A= &2 o5 WA el e, o=

A EL7F Ao A Y B 7 ARl WAl o3 Ao w FAFET. 18 BAR
22 pH 909014 def &40 70% 7S At e &abr] el v
NPSE AM&-3t 7 -9 pH oJEA2 B} A ushA Yelwth 1ol veldnpel o]
H DAL pH-75 Foll A Hebton, ol e pH o HolA
A YRk

HAA7FA] L EE agaropectin sulfataseo] #3F HZHk-S- pHE 27MA] 2 Hal% a1
At (Kertesz 1999). =, Salmonella typhimurium®}t  Klebsilla pneumoniae Z5-€] £2] ¥
agaropectin sulfatase®} 7Fo] #4 pH7} 6.5-7.1% A3} P. aeruginosa (Beil et al. 1995),
Pseudomonas testosterone (Tazuke et al. 1998) ¥ S. griseorubiginosus S980-14
(Ueki et al. 1995a) = 5] #2]¥ agaropectin sulfatase®} o] % pH7} 83-9.0¢21 F
OFo R By ok B AT E2]% agaropectin sulfatase?] %% pHi= 7.00] 22
el IF 3 FARRE #HA pHS Ad Ao Hrhdn.

2) Agaropectin sulfatase?] &% 9|&A4

Sphingomonas sp. AS63302.2 58 A ¥ agaropectin sulfatase®] &%= o]&E4
Fig. 159 vebdnbel 2o} 20-45°Ce] 2= YUl S48 &5 5ol w
T7retdlon, AL 45°CE et NPSE 7142 AL&at Sl 20°Co] A 9
Fagde HAuEge oF 37% ZtEuEdd e, S V1ER s m= A

/3 9] °F 60%ffm YEFH I ATt o]t AF= & uAEo] AikEtE EA4E g

ANA TEF A4S UERES AlASAL itk 18y 55°C o] e 2kdlA Eae

= al
AWM Ao odte] A&} A 5 AU Sphingomonas sp. AS6330ZF-E A H
o o

agaropectin sulfatase®] % =+ 45°ColH, o]+ Pseudomonas aeruginosa =5l
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100 1 @ Activity for agar

O Activity for NPS
80 A

60 -
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Relative activity (%)

Fig. 14. Effect of pH on sulfatase activities against agar and NPS. Five percent agar and
5 mM NPS were used as substrates dissolved in the various buffer solutions. Reactions
were performed at 45°C for 60 min incubation for agar and 30 min incubation for NPS
at various pH values. The buffers used were; 0.1 M citrate - 0.2 M Na;HPO, (pH 4.0 -
7.0), 0.1 M Tris-HCI (pH 7.0 - 9.0), and 0.1 M Na,COs - 0.1 M NaHCO3 (pH 8.8 -
10.1).
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Fig. 15. Effect of temperature on sulfatase activities against agar and NPS. Substrate
concentration and reaction time were the same as in Fig. 3. Reactions were performed at
pH 7.0 at indicated temperature.
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2]¥ agaropectin sulfatase®] & %9l 57°CHY tha @A YERE oY (Bell &,
1995), HA=2x=7F 37°Cel S. griseorubiginosus S980-14 (Ueki et al. 1995a)%}t
Streptomyces sp. T-109-3 (Ueki et al. 1995b) ¢] agaropectin sulfataseX.Th+= =7

Lo w 45°C¢ pH 7.0914 7] A (p-nitrophenyl sulfate) s =5 &g slo] ¥h3&
T5 543 23 NPSol| tist A g4 Km¥ Vmaxe ZH7zF 43 uM and 686000
sec '& UEbsETE (Fig. 16).

vl A 3Ae] F3F

Sphingomonas sp. AS63302- 258 A A% agaropectin sulfatase2] #sfAol 2|3k
kS HEA3510tt Table 5ol veEbdvlel 2ol 48418 PMSF, leupeptin, pepstatin,
iodoacetate @ EDTA®I ¢]3to] A= At} Leupeptin?} iodoacetatedl] ©]slo] & 42gd 2
Z gks 4] g Aoz YeEdth 0.1 mMel PMSFo| 9]3te] agaropectin sulfatase
G2 55% 7t AR o, 1 mMe] PMSF 9l&te] tjy-ie] gado] Aa= A} 1
2] 0.1 mM9] pepstatin®l] ¢]&}o] agaropectin sulfatase A8 18% 7 7FA % o}
1 mM®] ppepstinel] €]ste] 7799 &Ado] A ATh 53] 0.1 mMe EDTA®] ¢]a}o]
agaropectin sulfatase 42 73% 715k 745 A 2au 1 mMe] EDTA] o]3te] 80% 71
o] &Ao] HAaF At} o] g 3= agaropectin sulfatase2] &A1l serine®] s}
), cofactor2# 27}e] F&Hol2S Q2 & o Uk

Streptomyces griseorubiginosus=5-¥ <+2|%¥ agaropectin sulfatase= EDTA<}
iodoacetateo] 93 Z}7 833 100% A dHH AT Has B ApAxe) thih xlo]
7F eS¢ 4 A Ueki 5, 1995). 18y Aerobactor aerogenes<t
Aspergillus oryzaeZ4-8 w23 agaropectin sulfatase= EDTA®] 2]3] A& 4k
S kx| ¢rol o Pseudomonas testosteroniZH-E] #-2]¥ agaropectin sulfatase %

3k EDTA® 9J&l JaFe wx ko Ao=w Ruyy g}t (Tazuke %, 1999).
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Fig. 16. Lineweaver-Burk plot from Sphingomonas sp. AS5330. Activities were
measured with substrate concentrations of 0.005, 0.01, 0.025, 0.05, 0.75, 0.1, 0.125,
0.25, and 0.625 mM NPS at pH 7.0 and 45C for 30 min.
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Table 5. Effect of several inhibitors on agaropectin sulfatase
activity from Sphingomonas sp. AS6330.

Relative activity

Inhibitors Conc. (mM) (%)
Control 100
PMSF Oil égg
Leupeptin Oil %g
Pepstatin Oil 62%2
Iodoacetate Oil 2%?
EDTA i 11
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vk, 712 S0l
33, porphyran, fucoidan % carrageenan® #Z<& U3 HE V| A ZALE
sto] AAEAie] 7IdEoldS EA AT Table 60 Webdnbel o] GAlgie=
o ggaky] AARES 7 e 284S YER oY, fucoidan¥}
carrageenan®| 4F7] A A RS E ] 5% 7] A S JER AT 1
il porphaaran®] ©&wH§2 st oF 34% EA S LEFY ST
3k %, carrageenan, porphyran % fucoidan¥® 72 sjx g FE&
galactopyranoseZ T 7|24 Fx2H0 fFAd el e fucoidanTHo]
L-fucose® A% o] 2ttt (Mackie9t Preston 1974). ¥ AFolA E2l¥ i+
ghdlel diste] 7Hg =2 @490 AR, porphyrandl ek 432 g o] 24%
AE 2 et} Carrageenan® fucoidandl 2&¥ &2 =2 C-29 CH4
ARl EA AR porphyranel ZA¥E G752 I mpzrbA R C-600 A7
H AHeoltt (Mackie$t Preston 1974). . o] &gk 47|59 Ad9IA9] w20l
porphyrane] gt o= Fxo] 4S5 Uetlle 2oz o4

0

A}. Agaropectin sulfatase® A% ¥ agarose?] B 3334 EA
Sphingomonas sp. AS63307F 0.2 H-E AAH &4 AFEEY] &4
St F 2 A7) AAS 918Fe] agaroseE A Z35H7] Y5t EhF R ub
S HAESIALE =, g 1 kgoll 5¥1F9] Tris-HCl €% (pH 7.0)= 7Fst $ 45°Coll A
1A17F &t wwksle] B{-A171 F agaropectin sulfatase 10 US 7}t 2447 &
Atk 95 A AZF IFA 02 50 mle] vhg-H-& F3ho] 3u) ] acetones 7hate] H A
A

ol S
Al%ﬂ = A]—Eoug IS oﬂ-s]—%qu. A= 3

AlA A4 Rl A E AAE T ] e AARATVE &
A13kStt. Fig. 179 vepdnel Zho] wh-g-A|tko] 7 3}ste] uhe} RE-g-o5o] 814hs)gHE o
A& 0w F74EE vl ol EAjske SAbr] SRS AR A el whet Haske A
o2 yeptth ] Falr)E wbg 8AITkRke 5 A 3] Hastlon o] % 24417 Ft
o] REg-oll ofate] & Apol= HYEhbA] gkt ol gt A= ThpEEaRk-g o2 REg-el T o
= freld SaksiebE e g dAe KHojFal gtk

Agaropectin sulfatase® 45°CollA] 4A13F b A 8l3k g-x o] 524 2 3}st4 &
A& E4% A9E Table 79 YepIAth &4 e 9fste] A &&= 2.3u) F7181992
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Table 6. Substrate specificity of agaropectin sulfatase against marine sulfated

polysaccharides.

Substrate Relative activity (%)
Agar 100 (5.4)

Porphyran 24.3 (2.21)
Fucoidan 2.4 (0.16)
—-Carrageenan 3.2 (0.17)

Activities were determined using 5% of different
substrates at 45C and at pH 7.0.
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o eHFY A7) FES 97% (p<0.01) 7ol A EATE 100U agaropectin
A3t 2= Al9E= DNA 171958
5 A7) S A AIE R ER e
Ao 2 Uetsttt Sold vkt Ad= 719 7] vlol] 93 agarose®] #EA FEO|
25-30% JEolu}, & g akgol 934 agarose BAHA &2 oF 5% E UEREoH, o]
= AHAA QL agaroseAl A AlZA7HE @AM e ¢ AdS AoRE FriELh
17} agaroseo] oA FAil7] st AstFE YEpdE®2 3]s
EEO+ agaroses @9 +8.3F x]3%9] o, 1993). 22 A8 % & agarosed]
AEs B A% by =2 2 494 dd
(Laas, 1972). Agarose A2 & $3% 2 FAL EA Aol &2 23t agaroses
Ao FEjstogn gakr]o] A7 #Ale] T A= Aot} (Guiseley
S1. 1993; Provonchee, 1991). o] 23t A& A7 Staks g4 o2 HAaAZ ¢
< Ao agarosed] F&©°] 25-30% = ofF A ©HEo|th (Izumi, 1970; Guiseley
1. 1993; Duckworth®} Yaphe 1971). o] 213t ¥ ol A agaropectin sulfatase= =<
TER FHOZHE agaroseE A A= EFI EAFuE @ 4 9
Agaropectin sulfatase® #]2]¥ 3hd 2 1 kb DNA ladderE d7]%53k
A7 A#EE= DNA 171958 agarose®t Hlulgh A3 DNA #2]5el glolA] zo]7}h v
EbubA] eksktl (Fig. 18). 2.3]8] ¥ 4% A|XH agarose:= A|#% = DNA A7 5&
agarose®.tF DNA #3250l lojA Hold Aoz ek

{
o
]

.
F

o 2
2
=3
147]
(@)
)
<

ftlo
rU
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g 2
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Fig. 17. Progressive change of sulfate in reaction solution and sulfur content in agar
during the enzyme reaction. Reaction was performed with 200 g of agar suspended in
20 mM Tris-HCI (pH 7.0) and 50 Uof agaropectin sulfatase. The reaction samples were
taken from the mixture according to the time course and centrifuged. Sulfate content in

the reaction supernatant was measured through the barium precipitation method and
sulfur content in the agar was analyzed using a CHNS analyzer.
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A Ag E

Fig. 18. DNA electrophoresis on gels from commercial agaroses and the agarose
produced by the enzymatic method.
A, Junsei agar; Ag, Commercial agarose (Invitrogen Co.); E, agarose produced

by the enzymatic method. loading 0.4 ¢ DNA HindIIl marker in 1% g8|
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Table 7. Physicochemical properties of agar prepared with agaropectin sulfatase from

Sphingomonas sp. AS6330

Gel Gelling
Sulfate temp i
Strength EEO o Yield
2 (%) ()]

(g/cm?) (-mr)
Control 462425 | 3.9+0.12 |0.82+0.08 |41+2 100
Enzyme treated agar
50 U/kg 1,056+28| 0.19+0.002 | 0.12+0.006| 36+1 | 79.3+3.2
100 U/kg 1,128+32| 0.09+0.003 | 0.09+0.004 | 34+1 | 77.6+3.3
Commercial agarose 1,110+30| 0.19+0.002 | 0.12+0.006| 35+1 |ND

Enzyme reaction was performed at 45°C for 8 hr. The reaction mixture was composed
of 200 g agar powder, 1,000 ml of 20 mM Tris-HCI (pH 7.0), and indicated U of

enzyme solution.
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3. Agaropectin sulfatase +3& 9] cloning ¥ FE=A/FAEH F&ddEA
T5

7 fEA B

el

A

A T

1) agaropectin sulfatase 32 5= % subcloning

Sulfated polysaccharide®] B35 v st= Aoz &4H I Pseudomonas
carrageenovora 3 agaropectin sulfataseE genomic DNAZHFE PCRE &3
984 bpe FHAAE FE319 T [Bond 5, 1997; Dhevendaran 5, 1980). o] u] A}
&3 primere forward : 5'-CGGGATCCCATGCAAAAAATTAGTATTATA-3’
(underline :BamH 1) reverse (2%F): 5-CCAAGCTTTTAGCGTTTTAGTTCGT
AAC-3'(underline :Hind M), 5'~-CCAAGCTTGCGTTTTAGTTCG TAAC-3'& A}
&3t 55k ith.(underline ‘Hind ). thdtolA 23 A7]7] #8i4 PCR 3%
3t agaropectin sulfatase 7 A} (astA)E W&t cloning vector?! pBluescript II

SK(+)oll A8ttt (pBlue-ast).

2) ¥4 plasmid +3

pBlue-ast plasmid®] <¢F 1 Kbe| agaropectin sulfatase F+dA ©HS A3k
&4 (Hindlll, BamH 1) °]&3}lo] pET2la vectorol Adsta E. colidl &2 A 3ks}
ATt (Fig. 19, pAST-Al). o] W&« TAA, pAST-AlE T 53+ E. coli DH5a
of FAASAAT. AxF WdTe] HW FFe] ODew = 0.3°14 agaropectin
sulfatase &4 ] 0.3 unit/meo]l™, o] wgFAA FHE= Aoz Hol
o] astA 248 @A ddo o3 cell lysis ¥l Ao2 HOlth (data not
shown ). E. coli BL21(DE3)ell % #3ste] &&d systemS AFE3FT). o]
AH B A= LB + ampicillin (30 pg/ml)3} LB+ampicillin (30 pg/m¢) + IPTG (ImM)
+ MMUF (4-methyl umbelliferylsulfate)ZS A}-& 3} ch.

(

-
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T7p
F1 origin

pET-21a (+)

lacl
(5.4 kb)

Amp
Pstl

PCR

+ Primer 1, 2

Genomic DNA

Pstl

Hind ||V BamHI

astA
F1 origin

Hind 111, BamH I

T7p

—>
ligatiom

pAST-Al

lacl
(6.4 kb)

Amp

Pstl

Hind 111, BamH I

Pseudoalteromonas carrageenovora

19. Constuction
sulfatase, pAST-Al.

Fig.

Fig. 20. Constuction
sulfatase, pHCE-AST.

Primer 1 5-GGATCCCATGCAATTAGTATTATA-3
Primer 2 5-CCAAGCTTTTAGCGTTTTAG TTCGTAAC-3.

of inducible expression plasmid of

Pvul (189)
Pvull (291)
Nco 1 (335)

Eco R 1(340)
Pvu Il (3678)
AfL 111 (3498)

HindIll

pHCE-AST
(4 8 kb) rrnBTIT.

AspEI (2610)
Pvu 11 (1314)
Pvu | (1345)

Nde 1 (1436)

Aat 11 (1691)

Pvul (2241)
Scal (2129)

of constitutive expression plasmid of
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b 784 #EEA 75

H, M2 E coli &d A)2~E<l pHCE vector AIQ2A, Geobacillus
toebii 2] D-amino acid aminotransferase (D-AAT) gene® upstream -2
HCE promoterg Ab&3te] FAAHo= o dlds =2 oz TdAd F
At (Poo &, 2002). +A44 HEAE F5317] 98l F+E4 FAA plasmid pAST-Al
A G4 (BamHl, Hindlll)Z > 2] %¥ agaropectin sulfatase DNA fragmentE pHCE-IA
vectorel subcloning 3ttt (Fig. 20, pHCE-IA). 759 A %3 thdirol A ¢3x =X
E gstr] 938l plate dollA HAES glstdh oW wiA= 7]EAQ1 i
kg Hix]el LB agar®l Aol ampicillin (30 pg/ml)3}  4-methyllumbelliferyl
sulfate (50 mM) H7bstsieh 744 w3 A$= IPTGE H7tehA &2 wAE
AbEEATE EA A A DA B PFEor d4o Yevdes 4 &
AdstAtt (Fig. 21).

Inducible Constitutive

A, E. coli DH5a/pAST-Al A, E. coli BL21(DE3)

B, E. coli BL21(DE3)/pET21a

B, E. coli BL21(DE3)/pHCE-AST
C, E. coli BL21(DE3)/pAST-Al

Fig. 21. agaropectin sulfatase activity of E. coli transformant. The cells
were grown on LB medium containing 100 mM MUFS and 1 mM IPTG
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o, Az Aol A agaropectin sulfatased #H3d

1) =4 ¢34
E. coli BL21(DE3)/pAST-A1=%¥ & agaropectin sulfatase A2HS <
g HH IPTG v% 24 A& s & Axd 455 dudsd 5+ 10 ol
LBA® A (LB+ampicillin 30 pg/ml)7F ¥ test tubeol] 1% HE3 % ODgw =
05014 IPTGE #7Fste] 4A17F, 8A1F ¥ 4 ml samplingste] 28-S 3.
g4 AHeol= 40TCeA 1#%F 1 umole?
Fow A4 silom, pNPe SA42 &

agaropectin sulfatase <&
p-nitrophenol (pNP)E =3l
#5410 nmoll A etk 1
AHEE g QT A dor 84
uMe] IPTG &%, & A 3 Alxy 243 A4z o
st A 5~10 pM9] IPTG %5 AREste] A & dS Ao Bt
thgtol A &4 & agaropectin sulfatase A4 Al Aol A = cell lysis®HH
e HE AS 99 E coli DHba/pAST-AlelA Qs ow, E coli
BL21(DE3)/pAST-Al A= H] =3 AE Holu PTG H7F Aol wHaxA &
Ad =38 wF LdEE S g8 & AbTE 50 uM PTG F=olA
agaropectin  sulfataseE L&A 4 AZojA  diFd AEFS ODgo = 24
agaropectin sulfatase @& &2 A5 AoA 025 unit/ml, AEZIJE2] soluble
fractiono A 0.852 unit/ml= YEEo™ 8 A Ztd+= gt A ODep = 2.06,
agaropectin sulfatase @& A5 Ao A 1.05 unit/ml, AEZIJE2] soluble
fraction®] A 0.803 unit/mlE YElU}E Ao 2 Hol &X43F agaropectin sulfatase &
el wep ool lysis¥H o] s
A zkel F7hol whel wjF As o g A Y agaropectin sulfatase WE o] F7}y
= A4S 4 F UddY. @A E agaropectin sulfatase o A2 10 M IPTG &

Tol A 2.04 unit/mE 7FE Al o] =gkt} (Fig. 22).

o

rlo

Holl A FAHH= AS & 7 Avk E=JE wief

on

Ho) &45 YeEtl= 10 iM IPTG koA FiAl7]el we 2d =
dotr Skt (Fig. 5). 1 23 &2 H7F A7Isks dagle]l dA FEolA A
Ahol A E = AoR Ko, AL gkl oEs= Ao Ko vk wpebA #7t
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=== Arylsulfatase activity in culture supernatant;
=== Arylsulfatase activity in soluble fraction of cell lysate;
=== Cell growth

5 = 5 =
S

[ [
§4 4 3
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93' -3.5
(&)

§ (4v]
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S 2r 12 &
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Fig. 22. Cell growth and agaropectin sulfatase activity at 8 h after IPTG

induction in E. coli BL21 (DE3)/pAST-Al. IPTG solution with various
concentrations was added at 2 h and thereafter 8 h the cells were

harvested.
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S B3 e HME WY F fFE==2 HI7E F3 usFe] agaropectin

sulfatase AJ4to] 7hs & Zo =2 At E T (Matsumoto &, 2002).

2) AR T3HA
E. coli BL21(DE3)/pHCE-ASTZY4-¥ 4 agaropectin sulfatase A34F=
3k oheksk iR oA wiFslgdTh (Fig. 23). B A %xg #F2 dAujdst 3 50 ml

W X 7} s ghE AbZE baffled flaskel 1% A& $ 3A]7F vwith 3 md sampling 3t

AEE sttt LBl 04% glycerolo] e vix]oll Al wjFAIZE 20 A ZE ol A
A5 Mo agaropectin  sulfatase Aol wWEA F7Fstar, 25 AlZRAA = 7.08

unit/mlz2 714 =& agaropectin sulfatase A4S YeElU T F7124 4249, #7149
S AERF ot ol 9 dwwldel HFHQ Y Aol RAH
Maxybroth-FColl 4 &= LBol| A ®t} 158 A|E%E7F =obxl
S 7Feke] 546 unit/mlE2 E A4S YeERAY (Fig. 24). ©]

2 AxE A F714F A L catabolite repression A 3o] wlE Ao|t}h, mEFH

rr
=
)
J|m
o,
oy
2
=

T 7}A promoterell ™3+ agaropectin sulfatase W3 &S vl wEr] B =
A system® pAST-Al plasmid ¢ T+4% system? pHCE-ASTE E. coli
BL21(DE3)ell A & A#HE uwl agaropectin  sulfatase®] Aol E coli
BL21(DE3)/ pHCE-ASTol Al E. coli BL21(DE3)/pAST-Al1XEt} 40% 9 S 7}8kd
t} (Table. 8).

7HAL olxd ol Sl=Hl, AA= WAL 540
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Fig. 23. Effect of IPTG induction time on the cell growth and agaropectin
sulfatase activity in E.

coli BL21/pAST-Al and BL21/pET2la. 10 uyM IPTG was added at
the ODgyo = 0.85, 1.5, 2.5, or 3.5 (arrow heads).

Closed and open symbols indicate cell growth and agaropectin sulfatase
activity,

respectively.

Symbols : (@,0), BL21(DE3)/pET21a; (,[]), ODsn=0.85; (A, 2),
ODegoo=1.5; (v,V), ODgn0=2.5; (0,<>), ODgp=3.5
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Table. 8 Comparison of cell growth and agaropectin sulfatase production

between E. coli DH5a/pHCE-AST and E. coli BL21/pHCE-AST

agaropectin

. . Culture time | Cell growth sulfatase
Strains Culture Condition o
(hr) (ODg00) activity
(Unit/ml)
E. coli LB + 10 uM 3.5 2.04
BL21(DE3)/pAST-A1|"LB + 50 pM 2.1 1.85
. LB 30 4.8 973
E. coli D
LB + 0.4% Glycerol 30 7.5 7.08
BL21/pHCE-AST o
FC 30 7.2 5.46

Y Flask culture * Maxybroth-FC;
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10 8

Cell growth (OD600)

2

11

0 L O0—-=0 —0—O7T—0—0 0
0 5 10 15 20 25 30

Culture Time (hr)

(A) LB medium containing 0.4% glycerol

10 8

Cell growth (OD600)

0 5 10 15 20 25 30

Culture Time (hr)

(B) MaxyBroth ~-FC medium

Fig. 24. Time profiles of cell growth and agaropectin sulfatase activity in
the flask culture of E. coli BL21/pHCE-AST. Symbols : Black symbols (@)
, cell growth; white symbols (O), intracellular activity; glay symbols (7)),
extracellular activity
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Human necrosis factor-a (thTNFa)& A4F$t A3} human leptin (146 amino
acid)7} Atk F7F wjgvto g =S F89 human lepting e Bavb vt
(Jeong %, 2004). & & o & Maxybroth-FC #]#|¢] 49 A Z3 esterasesl A

Z3} levansucuase®] 4o 27 AX F% 4¥), 3wjola, W& Zh7; 34, 2u)
2 71kt esterase?] A= 324 widol A AiEEiet HdE& E5 LB
A By 28] S7HE Ao ® yE dTh

Z}. Chaperoned®} & %¢d

pGroll (5.9 kb)9 groEL/ES %d plasmidZ% selection marker®

=
tetracycline chloramphenicol (Cm)& 7FAal Qo™ groEL/ES Wd fFEEd=
tetracyclineS AFE3tth pGro7 (5.9 kb)E pGrollel #ou w©d fFEEd=

arabinoseE AF&3t= 7ol g2tk pG-KJE6 (99 kb)E groEL/ES 23
tetracyclines AF&3tH, & tE chaperone?l dna K/dnal/grpE2 & %& plasmid
o|t}t. dnaK/dnaj/grpE®] &d S 13 arabinoseE AM-&3F3Ath.
o] =% chaperone plasmid i+ pAST-Al1 74 E  coli
BL21(DE3)¢ll co-transformationste] 41 €uj#] (LBACm)E Ah&3ste] 4 dsd
TTE AE3A . chaperone  plasmid®}  sulfatase s plasmid <}
co-transformations} 3 th. co-transformation® ™+ A X = ampicillin (30 pg/ml)
3} chloramphenicol (14 pg/ml, chaperone & plasmide] AW)e] H7bE uf Aol A
Adesivt
pGroll®} pG-KJE6 =94 A GroEL/ES chaperone® AAMA] &7 24
tetracyclineS AF&31S w| agaropectin sulfatase W& % A F2o] £x B35
o, WA arabinoseE FEEZZ ALE S W= GroEL/ESOl W& dnaK/J/E
WA Al agaropectin sulfatase WA Eo] O =AUtk pAST-A2 @5 =& (0407
unit/ml - OD)3} pG-KJE69} pAST-A2 +2¢d (0519 unit/ml - OD)2 A =

AN

mlo
O
%

‘|—’—‘-‘

&

agaropectin sulfatase W& o] F7ksk A& &

v}, A Z3 agaropectin sulfatase® Zymogram +4.

10% gelE Ag3lo] 9% 3 SDS washing buffer [50 mM Tris-HCl (pH
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85)]= SDSE AAz AT 4TolA 4AZF &< w7l & o] §ato] o | A
gt & agarose (0.8%)°] SDS7} Al A¥ acrylamide gelE& =3 10 #3F 37T
oo WeAA el sttt (Fig. 25). A =3 agaropectin sulfatase 23
Al SDS-PAGEE &3 g3t wh=3klo] X &= TAE Zymogram= &3l
agaropectin sulfatase®] 91AE &AstH . 1 23} 331 kDa F+H FF& =
St= AS ddd 4 AAY. o]= 34 kDaoll A signal peptide (25 amino acid)
7F el Hol e #Ago R AlsEh

P. carrageenovora @€l agaropectin sulfatasei perispace o] F=
WA E o] A tH(Barbeyron 5, 1995). @A A3H  cell& periplasmic 993}
cytoplasmic Y902 Y& o FF BT oA & o] YEYT (Table. 2).
AESE fEl2 E coli cell®] AlXEres 3Al7l & S 4+ periplasm QS o=
70%°]) 4 =43t Pseudomonas C12B, Alteromonas carrageenovor -39
agaropectin sulfatase®] 74-% thH-#o] periplasm Qo A= Aoz <4y

2 v} At} [Fitzgerald?} George, 1977; Barbeyron %5, 1995).
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Table 9. Localization of recombinant agaropectin sulfatase in E. coli
BL21/

pAST-Al.
_ Total activity
Fraction
(U)
Cell lysate 383 (100%)
Cytoplasm 47.8 (12.5%)
Periplasm 275 (71.8%)

* The number in parenthesis represents the localization percentage of

agaropectin sulfatase.
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M £ Al £ Al

(kDa)
150
100 ™

75

50

35
33.1 kDa

25

MUFS, 4-methyllumbelliferyl sulfate

Fig. 25. Zymogram analysis of the recombinant agaropectin sulfatase by

staining with MUFS.

M, marker &, cell lysate of E.coli BL21(DE3)/pET2la Al, cell
lysates of E. coli BL21(DE3)/pAST-Al
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A 4% HEIGAHAE D FHFoF Y 7%
SR
EE P2 2 —
(%)
i o agaropectin sulfatase, 42} =%
1. A2 gx 7|+ BT 100%%
2. pET21a°l subcloning 7]<% activity plate SHJ(%A 81 %) 100%
3. 28 7| =3} > 3 unit/ml >100%
4. Chaperone¥} -&4ts 7]& 7t > 2~3 unit/ml 90%
5. 3t A wd V& 1=3) > 10 OD, > 4 unit/ml 90%
6. agaropectin sulfatase A2+ , o
(5 5ot > 4 unit/ml 1009
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g1 5& agarose AAlol AFREHE f7]&vjol Ml Aol agarose?] <
ABALS 9% agaropectin sulfatase®] &2 A3} 7| %&dd FUHE GAE 374
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6. A5 agarose A A& 7]&

-7 RA FEAl (1A, FHA R A AE A
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