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Screening and Identification of Arylsulfatase Producing
Bacterium and a Potential Utilization of Arylsulfatase

Soon Jae HAN

Faculty of Food Science and Biotechnology, Graduate school,
Pukyong National University

ABSTRACTS

Agar is a representative agal polysaccharides in red algae. It is also
composed of agarose (60 - 70%) and agaropectin (30 - 40%). Agarose is
composed of J(1-3)-D-galactose and « (1-4)-3,6-anhydro-D-galactose.
Agaropectin has sulfate groups in agarose. In order to remove sulfate
groups from agar, the arylsulfate degrading bacteria was screened from
a marine environment.

The arylsulfatase, intracellular enzyme, was hydrolyzed arylsulfate
esters to aryl compound and inorganic sulfate. This arylsulfatase was
partially purified and its enzymatic properties were characterized. In
addition, after the production of agarose from a sulfate of agaropectin
using this arylsulfatase, the functional properties of agarose fraction was

examined. The results are summarized as follows;
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1. Marine bacteria was screened for arylsulfatase production and three
strains were isolated. The strain producing highest arylsulfatase activity
was identified as Sphingomonas sp. nov. using biochemical properties,
fatty acid composition, and 165 rDNA sequencing, Complete 165 rRNA
gene sequence aligned with other Sphingomonas 165 rRNA gene
sequence, levels of sequence similarity and a phylogenetic
dendrogram was constructed. 165 rDNA sequence of the bacteria in
this study is closely related to Sphingomonas xenophaga (96.35%
similarity), which showed the bacteria was identified as a new

species.

2. Optimum medium compositions for the production of arylsulfatase by
Sphingomonas sp. mov. was identified as 14% of tryptone, 0.25% of
glucose, 0.15% of K-HPO;, 25% of NaCl, 0.012% of MgSO,. Optimum
calture comdition was determined to be at 30C and pH 7.0, using a
laboratory bioreactor with a capacity of 84 (KoBioTek, Korea) under

constant cultivation conditions.

3. Arylsulfatase was partially purified from Sphingomonas sp. nov.
through ionic exchange and hydrophobic chromatographies for the
preparation of agarose with enzymatic reaction.

4. With the reaction of agar with partially purified arylsulfatase in the
ratio of 1:10° (w/w) for 2hr at 45C, sulfur contents in the agar

rapidly decreased in the reaction time of 4hr, gel strength increased to
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16 fold, and 93% (p<0.01) of sulfate in agar was removed. The gel
showed similar qualities in gel strength, electroendosmosis, and gelling
temperature to the commercial electrophoretic agarose. Furthermore, the
content of sulfate was much lower than the commercial agarose. The
DNA separation pattern of enzymatically produced agarose shows a

better resolution than those from commercial agaroses.
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Lo ZHH FHAHeE ddic 2 ARH ol&Ho =, AZRF
2} ¢] agar-agar, alginate, carageenano|\ Z}ZtR{ 29 chitin, chitosan
5ol 1 oo|t} (Sawabe et al, 1998). o] F IFHL FTXF MIEHE
TSt AEolH, d4dd B I FEA (Matsuhashi, 1977; #K,
1970), a(14)-3,6-anhydro-D-galactose®} S (1-3)-D-galactose7} nx} 2 3}H3t
F4E 7FAM (Mackie and Preston, 1974), 70%<2] agarose®} 30%<
agaropectin®. 2 FAEo] 9lt} (Duckworth and Yape, 1971; Yoon and
Park, 1984). Agarose= ©|%3 <] agarobiose7} Aoz A
2 3HS "= g7 fle}, agaropecting agarosed] 6% A x 9]
32717} ester AFS o]F3 7] WEl (Rudolph, 1999; Jol et al,
1999), 482 o2 SHSE Hia Jorz Ar|Fslda EF o]Fd
de-E Fo (Hayashi and Okazaki, 1970). agaropectin®] HAl7]= £
2 A7) w2} methyl ether == pyruvate acetal groupS 2 X|3
He 49E Rugn Ut (Craigie, 1990). FHe 259 Wajol ure}
H 7tdH o2 solsh gelz Mskehe 224 A4S AT o], AFL
(5% T3, AFFVHE), ¥9& (258, 3FF), dF& (A,
St (HduiA, d719sed AAA) ez g7 AHHT A= AEA
SHEoltt (Patil and Kale, 1973). ©]23t LEARBIE=E2 #7771 ©
el AF8 agard] 4¢ 158/Kg oy Alekge9 Arjdss nEA
agaroset 1,000-2,0008/Kg Fol™, €5 vl&] F& 20087} = 15
777 ok Shfel RS A AA Y] 12%E (A s
A= HlwH FRE £4 ALY sheta & 5 ok 2y, AA @A
9] o|-& &g AT Al AWAF oF 65%HErto] T JHF A



o] g Y82 AMRFHI Jon, o]F 60-70%= Fo R FEHI,
eiRe AEsggos HdA 2uHD glE dFelT (5493
1998).
o] @A P agaroses] B
Z9 AEE3 (Kim et al, 1995), £3%
a3 P AE 240 A AU dFE-Eolth (Do, 1997, Lee et
al., 1975; Park et al., 1985). 3+ S ZH-E| agarose ¥ I agaroses]
JAN BY ATRGE FER2RE dAe] Az T 3
= AAolth. 9T A$, s, WPBere) wern ool agarose 5
87t F%e] agarose AZWHo] ThFeA ATFHAAR Utk AF
59, F4E2A (GiA, 1962), dimethylsulfoxide 2] (Ridi et al,
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1965), cetylpyridinium chloride % cetyltrimethyl ammonium &4
(#ri jti, 1968), polyethylene glycol 2% (Polson, 1965), sodium iodide
22y (s, 1967), Nal-acrinol E2|¥ (#ifi, 1969), ethanol 3%
(Peters, 1964) 2 oFo] 2 AHTAA E2ly (Ureil, 1961)5 o|t;. 1]
u, olgg f7]-8vlel 23 agarosed] HAIW2, 17t sHgHH|-E
SRAA Aul, AAFAEY 43, AR AxTH 2 HES AL
o u, agaropectin® T3] AAHAIA agaroses: Fv WHolBE 1
Ao M= FA QA &4do] At
A2, AB3rIee] LeF gEo FdHer 78 ALE )
Wap) 9@ PAEALe A7s) BEsl YYD Aok 22, A7
9 URRe BAE 44 4 WAEERE Avdgen, fFosy
B olgse Ade WA 1% ojakd) Aoz A Ut (Colwell,
1993). A7+ TAAH 70%E AT e WG A AT F A
¥E 712Eel 3007 WA 500 ¥ AT T AEFe] RESHTL glom

AN}

4



2, o8 71A FAAYY Bygt & 4 Qv (deVries and Beart,
1995). NFAT2RE FAPE PR KLt SHAE A Eh
FASAD, Aol NS AxRe Bals A=RF 5F 43
g F48AY AR 5258 34 ABdE EANA Fe A
o2 B3uy¥3 Qu} (Chandrasekaran, 1997).

qMZzFo dIFFole sulfater} hFo 2 FFfFEoO] o, Aol F
of dfF=H de Y sulfate ester 2SS Ealste sz 0T
o] AU o]&EE Eol]7] A3 MEXHE HFAste AFEFE Toe
a4 AR EHN arylsulfatase (arylsulfate sulfohydrolase E.C. 3.1.6.1)
7} B 23t} (Milanesi and Bind, 1972). o] 7}A] AAFE9 43
arylsulaftase®] #Ao] ¥ Ao=Z ¢#A Utt (Dhevendaran et al,
1980). ©}5 (Dhevendaran, 1984), 7}z (Dhevendaran et al., 1980), 3}
o nAE 5 oy 1A UM EZRE arylsulfatase?] FFEof o3}
g2y o2yl A|LEQ o} (Maya et al, 1990), arylsulfatase®] &4Jo]

b

SrEge) AsEAT RuHER, astdd FEde AT @ 3
AR 3t A FEF Feolth HZ o F9 o7, ALF 2

IN

AFE Ao g 42387 233 HEES FHslo arylsulfatase®
e 3T 2y AEQ AFHold, &Astdd AESI= Adre
arylsulfatase®] @47 A @BA 7 gl R & Yelgtl (Dhevendaran
and Maga, 1998).

o] AL Y PAEC] s AALE o8t A F
TZAQ BIE Axdtua sFZEE arylsulfataseE A= dF<U
Sphingomonas sp. nov. & ¥ 3l1, o] £ #F9 wig ¥ arylsulfatase
E Aisle AW AE FYste, - agaropectin Fo| AH7|l A

87 ¥, B2 - H5t4 54 w24 stuxt sk
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Fig. 1. Structure of agarose and agaropectin



n.A 5 2 %Wy

1. 43 As

1-1. &5 #e8 Als
FF B0 2 A3 AlEE 20008 9¥ oA 4t Ao sl
oA st

1-2. #F 2] v A

B Ao A18¥ vjA] F arylsulfatase JAF 55 AAE7] $13% 6l
A 24 p -nitrophenylsulfate (Sigma chemical Co. USA)E 5mMe| &%
2 7}3} sea water agar medium (Zobell's 2216e medium: beef extract,
1%; peptone, 1%; agar, 2%; sea water, 75%; tap water, 25%)& AF8-3}%1
th. 7#F9 ujelE HAujA|E TSB vfX] (Czapek-Dox medium, NaNO;
03%, KHPO; 01%, MgSO,:.7HO 0.05%, KCl 0.05%, FeSO,.7HO
0.001%, sucrose 3%)E ARE3IY, TAEIAE 712 AA|ujx]d] 1.5%<]
e Hrrsle 2ASA

13. 84 84 53 714

A 2 54 2P0 AR 718 potassium salt Feje] 712
o -nitrophenylsulfateE 25 mM=|#] 0.2 M Tris-HCl, pH 7.0 bufferoj
S35l ARESHETE 1 9] ARSE Aok AJoFE EFAIkE AHE-SHAT:



Fol] o3 agaroseA| 2o AHEE ML S B A (F) BAS

B e 48RS oS3tk

2. 43 Wy

2-1. Arylsulfatase A4+ #52] ¢

2-1-1. #F2] At

ArylsulfataseE A4Fsl= dFE 237l 918 p-nitrophenylsulfate

5 mMe %2 713 sea water agar medium (Zobell's 2216e

medium: beef extract, 1%; peptone, 1%; agar, 2%; sea water, 75%; tap
water, 25%)0 AEE =T 0T 27t % F 22y S g

[

Ao Be AN FE Lelstark

2-1-2. A¥dFe] vE
Mg #3o] HEL TSBujR|o) ztzt HEsle] 30T 2¢7F v g3}

3, vjoke FAS JARE & £l 50% ZE)AEo] FAE 343t
- 40°Co) WERESN WM B APl AHgsh

2-1-3. 16S rRNA PCR 3} primer design
Genomic DNAE= HE ¥ Rochelle®}y] (Rochelle et al.,

2)3l93, E. coli®) 16S rDNAS} 50-703} 1374-1394 A o] F7IAES
primer2 A}g3led PCRZ FZAI7) & 165 rDNAY 1z} F+2E &4
3l FA3AUT PCR 2 sequence & primer (Lane, 1991)+ E. colig]

1994) 02 B



Table 1. List of primers for amplification and sequencing of 16S
rDNA region of Sphingomonas sp. nov.

Primer Type  Sequence(5-3) Tm  Ori.
PCR &
ASF1 8-27 _ AGAGTTTGATCCTGGCTCAG 60.4  Forward
Sequencing

ASF2  330-348  Sequencing CGGYCCAGACTCCTACGGG 63.4  Forward

ASR1  515-535  Sequencing TTACCGCGGCTGCTGGCAC 715 Reverse

ASR2  803-785  Sequencing CTACCAGGGTATCTAATCC 52.4  Reverse

ASR3  927-942 Sequencing GGGCCCGCACAAGCGG 72.1 Reverse

ASF3 1107-1088 Sequencing GCTCGTTGCGGGACTTAACC 68.9  Forward

PCR &

ASR4 1477-1492 . GGTTACCTTGTTACGACTT 53 Reverse
Sequencing




827 Ag9 5'-AGAGTTTGATCCTGGCTCAG-3'¢}  1477-1492 A ¥ 9
5'_GGTTACCTTGTTACGACTT-3' & A}-£3}% L direct sequenceg- primer+ E.
coli®] 330-348 A e] 5-Sequencing CGGYCCAGACTCCTACGGG-3', 515-535
A4 2] 5’-TTACCGCGGCTGCTGGCAC-3, 803-785 Ao 2]
5'_CTACCAGGGTATCTAATCC-3', 927-942 X< o] 5-GGGCCCGCACAAGCGG-3" H
1107-1088 =%} 9] 5'-GCTCGTTGCGGGACTTAACC-3' & AH8-3t ATt

PCR AAES pGEM-T Easy vector system (Promega Co. Madison,
WI, US.A)E o]&3} cloning & E. coli o] AA%3}31, 165 rDNA A
A= Wizard PCR Preps DNA Purification system (Promega Co.
Madison, WI, US.A)& ©]-&3}d plasmid DNAE £2|3lHt} (Tablel.).

2-14. DNA Sequencing
GenAimp™ PCR System 9700 (Perkin-Elmer)©.2 ABI PRIBM™
BigDye™ Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer)
9} ABI PRIBM™ 310 Genetic Analyzer (Perkin-Elmer)E& o]-&3}o] DNA
Hae EAsA,

2-1-5. 59 A
16S rDNAQ] #4& rRNAo|A1ZE #alsl sequenceE alignment
513, %Similarity %k (Felsenstein, 1993)% F3tdct.  Evolutionary
distancet= Jukes and Cantor (1969)modeldl] 23] #Al4+3tsit). Phylogenetic
treex= Neighbor-joining method (Saitou and Nei, 1987)& 238t



2-1-6. Y712 EH

Lagergene software (DNA STAR Inc., Madison, US.A)2} Gene
Bank®] BLAST search® %3t #4382, Jukes and Cantor
(1969)2] Neighbor-Joining ¥'H& o] &3l AFLAAdHoZ FH5
t}.
2-1-7. @ d F=54

T4 ©lA 9] =5 = Bradford (1976)¢] HHol wle} Al#E = protein
assay kit (Bio-Rad Co., LTD. US.A)E |83l SA3AT &, A I3
AAE gAY 1009 DW 790 E EF3H & protein assay A}2F
20005 7F8ke] vortexZ A mEbste] Ao 587 WA F, UV/Vis
spectrophotometer (Ultrospec 3000, England)24] 59%5molA &3 =&
Z=2A3}l9tt. bovine serum albumin (BSA)%FE Gl Ao zX ZH3H
Z Aol g5k v sEs YA (Fig 2).

2-1-8. Arylsulfatase &4 4
AE 1md (in 0.2 M Tris-HCl, pH 7.0)e]} 25 mM p -nitrophenyl sulfate
714 &9 2505 7Hete] 45°ColA 3083t vH&A1Z1 $- 05 N NaOHE 1
m¢E 7Fsted fF2]8 o -nitrophenolS 'ZAA|#H UV/Vis spectrophotometer
(Ultrospec 3000, England)24 3+ 410molA F3=E FAsH old
4 99t o-nitrophenol® 2 FFFAE AAstd T4 WS AIZHE)

3 425 o -nitrophenol®] pmole=E AXF3lATh

1348 X Agpo x D
Specific activity (U/mg) = HESAIZE (B) x 99 E T
(mg/ m)




Absorbance at 595 nm

1.5 1

0.0 ‘ T 1 T i
0 5 10 15 20

Protein concentration, ug / ml

Fig 2. Standard curve for determination of protein

concentration.
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A = A 13482 FElH+E o -nitrophenol®} F3% 7He] A2 oA F

& 71%7], D 34uls, Ane 33 410mmoll A 43 FHFEolT

2-1-9. #AF 54
TAFS  vjgAE dAHF  FHal  UV/Vis  spectrophotometer
(Ultrospec 3000, England)24 1} 600mmoll A EHE=E SH3IHTH

2-2. ArylsulfataseX 4t FHAu)x] A
2-2-1. A4

Azl @ Fo) FAT ELAMS UL IFS JojrI) I
3] G AAAHE basal medium (0.5% K:HPOy 0.5% glucose, 1% NaCl)
of trypton's=7} 0, 040, 06, 08, 1, 1.2, 14, 1.6, & 18%= Z}z} XA}
o 121 CollA 1583 BHEg &, #F5 HIFsty, JAA Ig w7 3
07C, 200rpm)ol] 3Y7F wjeF, AAEF (2500xg, 30min) A7l & A I
3 AuRelsle de A4rooz EABAS EAsA ¥X F A Az
4 F=E AA3AtH

222, EAg

gadd g 79 FAY Ao NT vAe TS GOt ¢
3o A F=Fo AAYS 7S basal mediumel] glucoses =7} 247t
0, 01, 015 02, 025 03, 035 04, ¥ 05%= ZAstd HIT (1217C,
15min)& ¥, dFE FHFsx, 3 A7 wjd7) (30°C, 200rpm)°l} 3%
kW, A4 (2500xg, 30min)AZ) F EAT F AR e
BEAe R ALBHES S WA F HH dadEsEE ARSI

- 11 -



2-2-3. <14FY

Aol g7 7o ST BLANS NAE 4L Fopry] ¢
sl A4 £F9 A2U% G429 F7H9 basal mediume] KHPO,
%71 0, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 04, 2 05% =% Z}Z} ZA8l 121C
AN 1587 FFE F FFE AFSHL, AWA Y W] @G0T,
200rpm)ol] 3Y7F Wi, A4EE (2500xg, Hmin) A7 F FA B F
Aarsa e Azdez HABHL ZHs wA F Iz
KHPO, 5 =S AA43HAT

2-24. NaCls%x

240 HPAARS 3] fox 2FE AaY, g2 2 QA F
A z2711& AHE3F basal mediumo)] NaCly:=E 0, 1.0, 20, 30, 40, ¥
5002 Ztzr ZAstA 121TColA 1587 E#3 ¥, 58 AF3sa, A
2 g wlgr] (30C, 200rpm)ol 3U7E wik, VAEE] (2500xg, 30min)
A F A S - dalEEste e AFgor aAEANS A
A & 3 NaClx:Z ZAAsuch

A

2-2-5. MgSOs 5%

ane] Hgae g8 A FE9 229, @29, Q29T Nadl
& #7}% basal mediumeo] MgSOs5 %S 0, 0.005, 0.01, 0.015, 0.02, 0.025
R 05%=2 Z4z} zAste] 121TolA 1583 Hdd F 4575 HF3a,
3424 g wjdr] (30T, 200rpm)o] 3U7 wiY, AR (2,500xg,
30min) A7l & FA 4 F YL st AL FFYor ALENS
S48t WA 5 HH MgSOss =8 2R3
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2-3. ArylsulfataseAJ 2+ HAn|F =4
2-3-1. pH, B g2, W] FA|Z

a9 Hoke 98 HHxe wix=A pHE 42 pH 6, 65, 7,
7582 ZAS 3, MFLEE 25 30, 35 2 0TE 2=HAE L3t 3
A2 A" wgr] (30T, 200rpm)ollA wiFEAh wgFle AdEe
(2500xg, 30min)3te] #AE Et 47|1M de FAe A F AU
st 42 AFder ALAEAHE S8t HF pHe 2=8 AASAH
AARE 2AoNA GAE 242t 2421200l A 192413 (8UZH7EA] vl
F, e o s HHuMIATE 2T

2-4. Arylsulfatase B35 A A
2-4-1. gl
i x]e] pHE 7002 1A, 4-YS=E typton 14%, BAYSE
glucose 025%, 1 9] potassium phosphate, sodium chloride %
magnesium sulfateZ 2tz} 0.15%, 2.5% 2 0.012%= &} Sphingomonas
sp. nov.Z 30°Co)| A 50 ¢ laboratory bioreactor (KoBioTek, Korea)E A}
£3ho] 48A17H e wjokaraTh.

2-4-2. Ton-chromatography S o] &3 84 ¥

W B FAZRE 545 2£3r] s, o] widd (504)=
YAEY (8000xg, 20min)3te] AFA-S AASL FATE AT
51=%l #A)E 100mM phenylmethylslfonylflode (PMSF)¢} 10% Triton-X
1000] E3" 0.02M TrisHC (pH 7.002 &8 A7) ok 283 3347
47 kHz, 5min)2 988 %, 02M TrisHCQ gjo2 wjoFale] pHE

_13_



7002 ZAS F JAEF (10000xg 20min)dle] A4 20 mM
Tris-HCl, (pH 7.0)gF4o2 HEP3lE Qsepharose (S0 g
Ajcolurn 2x15cm)el] T Ae FANAG 2ol FAHA e oy
AL dFdoz Aol AAR ¥, FFHE 5LE 01 - 05M NaCls &
#F3le Y E589 (@oom)ez AMdFETHHoE EEAHS
Arylsulfatase 8] & Xolx 2.0M<2] ammonium sulfate (AS)E F%F
teted AZFEE7E 1L0Mol HA I o] AEAEAL 20mM
TrissHC1 (pH 7.0l 1M AS7} 38 $F5doz HIPstd
phenyl-sepharose (44 2¥<=A])column (2 X15cm)9]] 23 AlAH 845
FRAAT E4E 10 - 0.0M 9 ASE FH3te TLLZTEY 300me
2 ANFETFHEE o83ty §EAAT £8E 24 JES BN

284S =A% A arylsulfatase@Ao] FRIH ST, o] o] &
A5 AP a4 E ARG (Fig. 3).

ol

N

2-4-3. SDS-PAGE

SDS-PAGE: Laemmli (1970)2] ®#o} w2} sodium dodecyl sulfate
polyacrylamide electrophoresis (SDS-PAGE)= Z=A3d k. 15% gelel

oM Aal SDS3F A7) A|BE o] F5te 150Vl A 2417 F¢F
241171 & coomassie brilliant blue R-2502 A}&3] G43tar M-OH
. isoprophyl alcohol : FF4 (11:8)EF P2 GMAIA &4 FAA
Txo BAHAREE AU
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Culture of Sphingomonas sp.

Cell Collection and Sonication

Centrifugation

Q-Sepharose chromatography

Partially purified arylsulfatase

Fig. 3. Experimental procedure for the partial purification of
arylsulfatase from Sphingomonas sp. nov.
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2-5. ArylsulfataseZ ©]-4-3 IAF o

1 kgo] +HZ FH3) 5%7F HA DWE H73te] 55C oA 200rpm 9 &
T2 1A7HsQ wuksldA] FAAS wE 03, 10 Unit®] arylsulfatase
10mE 7Hste 3dFe 3] 23 ¥e& w=shith

o
i ool
2
N
e
)

2-6. Arylsulfatase® A Z ¥ agarose?] & - 315134 54
2-6-1. 3719 &3
gtate] 3heke Dodgsond} Price (196202 ®A5dth #ibrlel =
He NE8E 7tgste %9 F, fEldel Fof AxAIZ AxF A4d
vlakS infrared spectrophotometer (IR)Z F533& 33 3yt ojn &
ZzgogE o] 4R 489 agarosed THI A AHE3IATH

alol 2o =4S Hunt (Hunt, 1980)2 ol uwzl 4314 ch
grate] o] AL Ao HEHE WHo=z, i H agarose IA
2 (10pg~100pg/5me)o FArFe F=7t 2pg~20pg/me7F H=F 3N
HCLE 718t 121CoAlA A1 7hREIAIZ § AFete] AJlg8de
2 39t A28 45mo) FEAF 0.5m-S 73] Sme (e =M 10
©g~100 pg S AFHA3 A A7) 13.3% A3lulF - 2.67% Tween80
g4Ag 3 7hate] WEbAlA 30~4583F WA F ohA] vortexsho,
UV/Vis spectrophotometer (Ultrospec 3000, England)Z4] 37 4200l A
28 gzFoz 39 FREE A3ET 001 N SARFEEH (980
pg/ml) S 10% Gatol B Asted FarozA 2, 4, 8, 12, 20pg/meo] HF
A FFLAL 2AF L, old EFEY (2us~20pg HoSO04/ me)
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e
/
0 H I 1 t 1 T 1

0 2 4 6 8 10 12 14
HySO,4 concentration ( ug/ml )

Fig 4. Standard curve for determination of sulfate

concentration.
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S5me Hatd 9 2 Wyeg A T3 IJAANYLE FH
ANEF Fae) FFE ARG (Fig 4).

2-6-3. Gel strength?] 53

Gel strength (24 AIZE)E 1% SRz AT FHEHS ¢ 60X
30mme] &710 Fo} FAE 2obA 25TA SR WASAL 4TAA 24
ZF st Z73 5me) APl plunger (Cylinder Probe, Part No.
P/5)& X-A3} Texturemeter (Model TAXT2J/25, Stable Micro Syatems
Co., LTD. England)24 0.5 Speed mm/sece|A] &3}t

2-6-4. Viscosity?] 54
el Axs= 3L ZHz 05%9) 1% 52 ZAske] 65T 80Tl
4 B type viscometer (Model BM, POKIMEC, Japan)Z4% 60rpm¢]
spindle £=2A 533 th

2-6-5. Melting point 2 Gelling temperature 2] 53

Melting pointe 15% AP 10ME =T 2=AE 73
3 AlE# (2X20cm)oll FHet Foll, Fexo Wil F2F 2EF 5T
/mim 2 $23HA A AT SR Qlold uf, F, LxA% AEE
o] #El=E AlAY 2= 15% FHFH 10mE 2xTHHA 257
£ 233 APH 2x20cm)oll 3 Foll, FAIZ 2TAE B ¥ 2%
Agt Adeo] o] getee W £x5 &35t 22t melting point<}
gelling temperatureZ 3} th.
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2-6-6. Syneresis ratio2] 34

Syneresis ratio (°]5€)9 &4 1.0% 3 5ml-S 15mie] cap tubedl]
sl WRstA ool AW 100 AE AAA w3 24 F AP=
A A 4TCAA T WAL s, RS S FAE 43 e o
Ao FANA FFete] wEgeH Jehhlck

2-6-7. Turbidity®] =3

Turbidity (%)) Z9& 10% ¥4 8948 zAshd 242t 65T
20CTE 28 3AZ 3 33 600mollA UV/Vis spectrophotometer2 &
BEE 2P

2-6-8. Electrodosmosis (EEQ)2] =3
EEO°] =42 dextran¥} bovine serum albumin (BSA)S FAll 1.5%
agarose gelS °] &3ty Hr7|FgEoE FAsIRH. oldf EEO= ths
o8 AFHJT (EMC 714).
- Mr = OD / (OD + OA)
ODE  dextran®] °]F AT o]al, OAT BSASQ o]FAHd.

2-69. DNA %35

agarose2] F7|gF agrosed] FX7} 0.8% gelolA 5 volt/(gelAl
2dolemd HAgez HA719FstHT. olf EFEEHIEA 1Kb DNA
marker lader (Difco, US.A)E 1pug loadingdlAth. F71¥s F DNA
bande] HelE HAd}l agarosed FEFE FIE¥IPT. IxTo=E
FMC (FMC Co. LTD., US.A)®} Ammesco (Ammesco Co. LTD.
US.A)agaroseS A+-&3t4th
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1. Arylsulfatase A4t #32] 23

1-1. £ #3592 16S 1DNA Ao o3 A5 B4

ArylsulfataseE AJ4HSl= 452 287 9351 p-nitrophenylsulfate
E 5 mM9 FEZ H7I3l sea water agar mediumo] A|§& Tdsim 3
0CoA 2zt wjgd F F2Y Fo] FAo #& FAse= 758 &
Zstaith. 218 Arylsulfatase@/gdo] 33 #FE AHIFATL 53
AT F FHL HIo B2 YA wye x9lez A@H
T A T3] sFed AT A8 fRAAE o4 F douy, dA)
AAAASZ FH=o Q= dolElHo]27} Ribosomal RNA-§ A x}2]
Internal transcribed spacer (ITS) ¥ Large ribosomal RNA¢] D1 - D2
2ol gate] olfoln 7] AR, of T FEE AR A G
MES E43kE 165 rRNA {3zt £40) 24 &3t k. 47|
G2 Alde] T2 o 200 /NZ, olF F AT F FEFF sty
165 rRNA 3212 g71xFo] EAHo glomz FRsuz sh= A3
©] 165 rRNA #FAAE EA3d (Fig. 5), o] #=7F AA AF=d A o
= Fol 7R AE & 5 A Dok dA FAFHA G (FEH) 93]
22t F2E o83 AT VNG AIEF) FAESE 7% ohold o
& T2 B 4 3l (Table. 2). ¥ TFT 165 rDNA<S] 50 - 703} 1374 -
1394 A He] H7|MEE primerE AMR3lY PCRE ZEAZl T 168
IDNA9] 13} T2& B3l g3lgen], 53 Z7E Table. 2 2 Fig. 5,
6] ARt R PE Helg B FFE 165 rRNA E47d,
Sphingomonas sp. nov.2 W EY oW, AFo 2 v AT} (Fig. 6.).
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CGAACGCTGGCGGCATGCCTAAACATGCAAGTCGAACGATCCCTTCGGG
GATAGTGGCGCACGGGTGCGTAACGCGTGGGAATCTGCCCTTGGGTTCGG
AATAACGTCGGGAAACTGACGCTAATACCGGATGATGACGTAAGTCCAAA
GATTTATCGCCCAGGGATGAGCCCGCGTAGGATTAGCTAGTTGGTGGGGT
AAAGGCCTACCAAGGCGACGATCCTTAGCTGGTCTGAGAGGATGATCAGC
CACACTGGGACTGAGACACGGCCCATACTCCTACGGGAGGCAGCAGTAGG
GAATATTGGCAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGA
TGAAGGCCTTAGGGTTGTAAAGCTCTTTTACCAGAGATGATAATGACAGT
ATCTGGGGAATAAGCCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATAC
GGAGGGGGCTAGCGTTGTTCGGAATTACTGGSCGTAAAGCGCACGTAGGC
GGCGATTTAAGTCAGAGGTGAAAGCCCGGGGCTCAACCCCGGAACTGCCT
TTGAGACTGGATTGCTTGAATCCGGGAGAGGTGAGTGGAATTCCGAGTGT
AGAGGTGAAATTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGGCT
CACTGGACCGGCATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATAACYAGCTGCCGG
GGCACATGGTGTTTCGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGG
GGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCTGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCA
ACGTTTGACATCCTCATCGCGATTTCCAGAGATGGATTTCTTCAGTTCGG
CTGGATGAGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA
TGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTTTAGTTGCCAGC
ATTTGGTTGGGTACTCTAAAGGAACCGCCGGTGATAAGCCGGAGGAAGGT
GGGGATGACGTCAAGTCCTCATGGCCCTTACGCGTTGGGCTACACACGTG
CTACAATGGCGACTACAGTGGGCAGCGACCTCGCGAGGGGGAGCTAATCT
CCAAAAGTCGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAG
GCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCC
AGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTGGATTCACTCGAA
GGCGTTGAGCTAACCGCAAGGAGGCAGGCGACCACAGTGGGTTTAGCGAC
TGGGGTGAAGTCGTAACAAGGTAGCCGTA

Fig. 5. Full sequence of 16S rDNA of Sphingomonas. sp. nov.
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Table 2. Result of Similarity Analysis

Strain %Similarity| "N
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 IFQ 15211T 94.54 1393
Sphingomonas parapaucimebilis IFO 15100T 94.32 1373
Sphingomonas sanguinis IFO 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 IFO 15498T 93.61 1423
Sphingomonas paucimobilis GIFU 2395T 93.40 1424
Sphingomonas subarctica DSM 10700T 93.34 1426
Sphingomonas ursincola DSM 9006 T 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 IFQ 15098T 92.43 1374
Sphingomonas echinoides DSM 1805T 92.18 1420
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S|goll A 2 E bacillus gelatius7t F-BI8h= extracellular enzymeo] 22
S AlEEe] gadez o8 F AUY AxuUFHR FHE A4FA
A= Aol A5 2 (Gran. 1902)€ oldf, 3r2HE FHE& sk
T2 20945 =AY (Goresline, 1933; Humm, 1946). ©]&L ¢ -linkage

T3 a-agaraser}, B-linkageE W33l B-agarases A4S 2

2 UroAY, FE OdFHE o AGHRE £dste 79 A7l ¥
5o} Ql= Wolt}h agaropectin®] sulfateS £33z w2 o} 7R LY

BueE o, MEA @a" 73 Sphingomonas sp. nov.E BHEH
< Fdsitt & F A

ofN

X o

s

1-2. 832 39| Arylsulfatase &4

A, Aty #F9] arylsulfatase 84S &Q13}17] 98t TSBoA] 3
g ke, o] wigAS A4EY (8000xg 15min)dte] FAE FAF ot
S 3 F QAR FFY Fo A F=E SAsIATE o o
o] gde] FExE 00266 mg/m$L ], arylsulfatase &3 4.25 U/m=
Blad L 4L HY

1-3. £ #59 AF}APYF=A

1-10)) A3 vie} o] B3 #59 HAH A 238 A3 23
AAYS trypton 14% Y W, BAUS glucose 0.25%E A713I5s W,
potassium phosphate, sodium chloride ¥ magnesium sulfate”7} Z}2}
0.15%, 25% R 0.012% w) dF 4] Had St AP g
212 dul APL Bated A4 vigEsicn duEE 2 &%
350rpm, pH 7.0, 7% lv.vmo@ 143Gk
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Erythrobacter longus

l Sphingomonas terrae
Sphingomonas macrogoltabidus
Sphingomonas suberifaciens

Sphingomonas yanoikuyae

Sphingomonas
herbicidovor

Sphi
cglorophenglas
Sphingomonas xenophaga
Sphingomonas sp.nov.
- Sphingomonas
] —— Sphi
aErccharolytica
_LSphingomonas mali
Sphingomonas pruni
Sphingomonas adhaesiva
| Sphingomonas
truepe

Sphingomonas
pauci

Sphingomonas

>
Sphingomonas
i parapaucimob
| Sphingomonas ursincola

L

Sphingomonas natatoria
‘L Sphingomonas subarctica

Sphingomonas rosa
Sphingomonas stygia
Sphingomonas capsulata
|| Sphingomonas aromaticivorans
Sphingomonas subterranea

0.01

Fig. 6. Phylogenetic neighbor-joining tree obtained from
the 16S rDNA sequence analysis
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2. ArylsulfataseAJ 3+ J F ) A XA
21. 449

dadel 9% 9 F4F4 44T mXe GFFS Golnry)
it AAAY4HE basal medium (0.25% glucose, 0.25% K,HPO, 0.5%
NaCl)o]] trypton's=7} 0, 040, 0.6, 0.8, 1, 1.2, 14, 1.6, 2 1.8%=% z}z} t}
EA e A= wjgd dF2RE doRA mio A4S 23 ARES
Fig. 70 YePARITE Fig. 7014 B ule} o] tryptone] =7} Eolx|
B Ao 4L 20%9 FEA HAdoz ulHstd Fxo sk
S/t Y, A4 848 typtonsErl 14%D o HU e VeI
I ool M 318 AAFHATh olEd Ade iR MEz HrtE
ol X #Fo BAel #FA FAo Arde o]fELO] =
< A2 Yehg dvrHRl AFFdE 2olE B dukyoz 3
Ao B AL AaAY olgaEo] L HoeE BRuH]
A= dAste AFelch. olge A#E ulgowm
arylsulfatase 44-& AF MiAZE S 237 A% o|F9 APe &
A4 WA tryptonFEE 14% 2 133}

o
Or

{

R: )
2
rr

22, &9

a9 HUAE A% @499 HH F2E 2As] st o)y
FHE XY FAPo=Z tryptond FEE 14%F TAAZ) basal
medium (1.4% trypton, 0.25% KHPO, 0.5% NaCl)ol] gtxgo 2 glucose
E&7F 0, 01, 015, 02, 0.25, 0.3, 035, 04, 2 05%=2 G|sle] wjFs F
o 4 842 Fig 8ol Yeldth 1 A 2239 ¥xo) ua #F
Ao Faole ofzre] Fol gglot G4 A skck
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Activity, U/ml x 10 3, —o—

25 4.0
- 3.5

20 1
3.0
15 B o 2.5
- 2.0
10 1 L 15
- 1.0

5 -
- 0.5

4
O </ L | L] 1) £ L | L) L] ¥ 0.0

00 02 04 06 08 10 12 14 16 18 20
Tryptone conc., %

Fig. 7. Effect of tryptone cocentration on cell growth
and arylsulfatase activity of Sphingomonas sp.nov.

Medium composition : Glucose, 25g/L: K:HPO,, 25g/L: NaCl, 5g/L
MgSOs, 0.1mM: MnSOs, 0.01mM; FeSQ,4, 0.01mM.
Culture condition : Cuiture Temp., 30C; Agitation, 350rpm:

Aeration, 1v.v.m.; Medium pH, 7.0; Culture volume, 8L
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Fig. 8. Effect of glucose concentration on cell growth

and arylsulfatase activity of Shpingomonas sp. nov.

Medium composition : tryptone, 14 g/l K:HPQs, 25g/L: NaCl, 5g/L
MgS0O4, 0.1mM; MnSQs, 0.01mM; FeSO4, 0.01mM.
Culture condition : Culture Temp., 30T Agitation, 350rpm;.
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79 47FE 025%01 394 F718te] 036% 4 o HE HeERSIeH,
Ba FAL 025%01M Holl & YERIR 2 o33 olFtellA B
Fe] A9 E @ Azel YR tryptoneo] YHFE EA
3 gAd9 Txo #ARlC dAT dAEZFES B A 93
o aA 9 ALt FeHe A dAFE & F Uk o] A3
2 o]F 9 dYPdM e wWiA F HF glucoses=E 025%= AAHSAT-

2-3. 2XxHg

K:HPO, = dwtrdo g Aol A wet Zed 4+ e wiA
pHE #AA71E SFAZA viRo] o] HItHo AHEH AT ¢
o] AFME & 5 xo] A9 ALMAET pHeE EHE BAZ 3
omg, FA4o HYAAHS % Qi HA FxE AR sty
ojm] PP ujA HAYOS=Z tryptond] FTEE 14% ©ihYe=E
0.25% glucoseZ 1A A]Z] basal medium %9 K;HPOs5=E 0, 0.1, 015,
0.2, 0.25, 03, 035, 04, 2 05%2 z}zt ZA|&] vjFe FFZHE Lo
A 549 4L =P E2HE Fig. 99 YehUth Fig. 994 Ee= ut
s} gol F9 AFL KHPO.S Fxo wet & bole YehtA] st
oy &40 AAAFL 015%71A AXMAHo R Frlsith ol F ¢uhstA
A3t ETh bk EAMAS 9% KGHPOS F5 8 015%2 1338
Art.

24. NaCl5 %

Y PAELS S vAEFATS 28 A5 U I¥Fs Bl &
T Aoz 4EA U wepA oA 2R E A4 d, gad 2 A
o] ¥A =71 83} basal medium (1.4% trypton, 0.25% glucose, 0.15%
KHPOy)oll NaCls%7} 247+ 0, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 04, 2 05%
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Activity, Umi x 10 3, —o—

——

S

<

g

o

o

5 8
- 0.5
0 1 13 ¥ ¥ 0.0

0.0 01 02 03 04 0.5

K,HPO, conc, %

Fig. 9. Effect of phosphate concentration on cell growth

and arylsulfatase activity of Sphingomonas sp. nov.

Medium compasition : tryptone, 14g/L; Glucose, 2.5g/L; NaCl, 5g/L
MgSOs, 0.1mM; MnSOs, 0.01mM: FeSQs, 0.01mM.
Culture condition : Culture Temp., 30T: Agitation, 350rpm:

Aeration, 1v.v.m.; Medium pH, 7.0; Culture volume, 8L
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% S
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£ T s
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< 51 o

L 0.5
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0 1 2 3 4 5

NaCl, %

Fig. 10. Effect of NaCl in cell mass and arylsulfatase activity of
Sphingomonas sp. nov.
Medium composition : tryptone, 14g/L; Glucose, 2.5g/L; KHPQO., 1.5g/L
MgSOs, 0.1mM; MnSOs, 0.01mM; FeSQs, 0.01mM.

Culture condition : Cuilture Temp., 30C; Agitation, 350rpm:
Aeration, 1v.v.m.; Medium pH, 7.0; Culture volume, 8L
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2 A9 wgdels widd #F2 HE NaCle Fxo o 739
ZA39 54 AMAEE AV A%t NaCleg el 242483488 HE
3t (Fig. 10). odzte 2] &9 ANE 2 dA A A4F
4o atA] FFE TA B Ao vehves dPFA Hude of
Zte] zolE Rt A4S A% HF NaClesre 25%2 2R3
}

2-5. MgSO 5%

MgSOse= T4E 2 uAE dAWAA wZFo]Awt 4o AL
gad g2 dA Ak wEkA fdA AR E A 238 A&
3 basal mediumol] MgS0,2] % (0 ~ 0.025%)8 ZAHs}e] &Ao A
el BAE golRyth. 1 AR FA Y ARFdde EoE 4TS
FA BaFot a4 A E 0.012%7HA] FAH #AE R
F 549 Ao HAdeE BEFE B (Fig 10).

2-5. ArylsulfataseAJ4F HHuj =3

240 HoAS 9 H3FH pHE AR S8t Zzt pHE 40
~ 9.0 HH=E =H3o wFaen, 4 £ 2 a4 d4S 53
ATt tryptons X, ¥71204F F%, Glucoses:, NaClsEe QoM 2
248 4 21E A&k Fig. 129 vehd niel o] pH 794 44
R a0l 7 & AE € F AW 2y pH 4.0 ~ 6.090]4
g0l 9%l At xR StollA Ao A EHA
Roez yehgen], pH 9.04M4% &4o] 30% Z43dAch ol
Shpingomonas<:9] #FE2 HAH A Z7o] pHA= 65 - 85 B
082 FAFGAAN AFSET WE 54 T AR dAdEH,

%o A WAEHE AR 9 PANE WA pHE 7.0

rr

z



Activity, U/ml x 10 2, —o—
Cell growth, A600, —e—

L L] ] L 00
0.000 0.005 0.010 0.015 0.020 0.025

MgSO,, %

Fig. 11. Effect of MgSO4 in cell mass and arylsulfatase activity of
Sphingomonas sp. nov.
Medium composition : tryptone, 14g/L; Glucose, 2.5q/L: K:HPO., 1.5g/L: NaCl, 25 g/t
MnSOs, 0.01mM; FeSOs, 0.01mM.
Culture condition : Culture Temp., 30T: Agitation, 350rpm:

Aeration, 1v.v.m.; Medium pH, 7.0: Culture volume, 8L
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Activity, Uml x10 3, —o—
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Fig. 12. Effect of initial medium pH on cell growth and

arylsulfatase activity of Sphingomonas sp. nov.

Medium composition : tryptone, 14g/L; Glucose, 2.5g/L; KoHPO4, 1.5g/L: NaCl, 25 g/L
MgS0s, 0.12g/L; MnSQ4, 0.01mM; FeSOs, 0.01mM.
Culture condition : Cuiture Temp., 30C; Agitation, 350rpm;

Aeration, 1v.v.m.; Medium pH, 7.0; Culture volume, 8L

_33_



2 nHHAT T, FLES BCAA 0TARS] LERY (25, 30,
35 2 40004 WFR The, 3Y B MY F ALBHL 2P Ha
Aol A 52 ARG 2 AT, arylsulfatase AT EE 30THA
A5 W L= A on, o] FPY WGEANA 22 WAt
2 AN 124 BLIHAA HEFF T D4R (2500xg 30 min)
sl +38 FAE NS AL AFdoz FLAYAHS ZHT A )
F 36NN BFAZAEE} FAG F 0% AY AA A A
o) AL 38AZF o) F FAF At 48A17] FHL B F A
e A% YR (Fig. 19)

3. Arylsulfatase®] B35 QA
3-1. dJF

ol AAE ntge R ALMNAEE FINE F e wiAEAEL2
trypton, 14.0g/ £; Glucose 2.5g/ ¢; K:HPOs4 1.5g/ £; NaCl 25g/ ¢;
MgSOs, 012g/ £ 02 HAFYT. olde AREs wgoz g WP
(A 23; 502)& A=A olhe] WA =L 9 49 2AHE
mspon, EFACZE AWELE 3B0rpmo 2 1A, iR 9]
pHE 702 AFoz ZAHA 391, E71FL lvvm oz TF84H
o 2 A3, w G 36X A EA FHEET SUHE F ojF Ao o
AatRes, a4 A2 BAZ o|F FAHT| Fsste] 484t A
H4E B F Zase A4S vehle ez dAFA-
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Fig. 13. Changes in cell mass and arylsulfatase activity of
Sphingomonas sp. nov.
Medium composition : tryptone, 149/L; Glucose, 2.5g/L: KoHPOQ,, 1.5g/L; NaCl, 25 g/L
MgSQOa, 0.12g/L: MnSQ4, 0.01mM: FeS04, 0.01mM.
Culture condition : Culture Temp., 30C: Agitation, 350rpm:;

Aeration, 1v.v.m.; Medium pH, 7.0; Culture volume, 8L
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3-2. Ion-chromatographyE ©| 83 &4 ¥

Ion-chromatography*}'§-& protein mixture7} solid matrixg % 3}3}
o matrix$}¢] interaction F ko] wal E e WYHOE o]nd
A7} X9 columng FHA7IE, 2AGH HHE o]xE2 1AL
9] functional groupF9 ol HF =4 HY o] nS A "Hrt. o}
nledt BE geid o] FAH R Fol2F} Fol2rE e A
e pHY W3/t 34 Wty Fxd ot £HE o= Ax W
FAE F don, o257 o|2uHYY £t AME HEEE W
Ao dF Az & AsEn 4 v PP deYes dse= &
A EHE 7 I

arylsulfataseZ £g|3}7] 5l WA, HAFuSzdS SRS
FHE G2 FA% A 500 TRZE o] 83t 48AIF uj ke 2
7 A 400gS FATH FFONA arylsulfatase@Alo] ¥ FEL onj4
oA FAW FE2HRAM ERor=z, Iod A 10T 100 mM
phenylmethylstfonylflode (PMSF) 100#¢ ¢} 10% Triton-X 100 &8 100
o] E3he FAj el 2ujFe] 0.02M Tris-HC1 (pH 7002 &E A7 U
37Tl 2A17F ¥H-E AlFTh o] ¥REHE &0 w2 FAE A%
%, 94 (10,000Xg 20min)dr Az} 120mee) 13} FEA NS AUt
13 ZFEANL 20mM TrisHCl, (pH 70)8Zdoz Hysd
Q-sepharose (&-0]¢ @& 4=])column (2x15cm)oll DAL F2X| AT
Ao F2HA e guAdS dFHo=7 Ao AAT &, FAE &
&F 01-05M NaClg #fdls Y ¢4584 (im)o= A sE+
e E &EAA gEs B 47, 03 - 04M NaCl F=didllA
arylsulfatase@-d o] A JEo| F=A (Fig 14). € JES =
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Fig. 14. Q-sepharose chromatogram of the crude extract from

Sphingomonas sp. nov.

Flow rate was 120 m¢/hr and the fraction volume was 5 mé/tube. The arylsulfatase was eluted with
a linear gradient of 0.1 - 0.5M NaCl in 0.02M Tris—HC! buffer (pH 7.0). The protein concentration
was measured at 280nm after 1508 of each fraction was diluted by 10 times with the same buffer.
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o} 20M ammonium sulfatef & FF 7}3le HFEEE 1.0M2 2
Aot o] A4EHL 20mM Tris-HCl (pH 7.0)o] 1M AS.7} ¢
H dFHoz HPsE phenyl-sepharose (&8 1 3EA])column (2 X
15emoll HE =AUk E4E 1.0M - 0.0M AS.S F§3hs SAGEL
@Goome)o=2  AdFE=FuRE o83ty ‘EAHYG. o Ax
arylsulfatase= 44 RF9 FE7F A 0.0Md] 71718 FEoA &
H ATt (Fig. 15). Eeld FE-E Folx arylsulfatase T AL =
& A3 B0l FAHANLH, o] BAo] L& AAE 4Y9) xEAZ A}
&3k

3-3. SDS-PAGE

Sodium  dodecylsulfate  polyacrylamide gel electrophoresis
(SDSPAGE)®) SDSE £3431% © AAzA Sz dgstd 33
$H3H)E A SDSprotein HFAE FHVT). BHAe mope o
qsted AZGEA wHA 2ae WS AANA Fr 9o
protein®] g7} 7153ttt SDS-PAGE $4%-&9] system-& gelz} ¢+
Ae] pH7} YA} (continuous system), ¢+ N3} gel®] pH7} o
£ (discontinuous system)I4F $%FH-& ALt WHHo] Atk )
7b Hol AMEHI e systemE T WS Fdsld s
Laemmli (1970) 22, o] WH& stacking gel, separating gel 9% &
A} reservoir GFE o] B 2w, 27%C2 bisE AlE-3lt} o] ut
Holl 93} protein®] stacking AA FZH 1 resolving gelol| 4] 3]
g9 849 REAAY HAE U7 Ys 2zt @Avg Laemmli
(1970)¢] o we} SDS-PAGEZ =43t Hrt 15% geld] ¥F9MA
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Fig. 15. Phenyl-sepharose chromatogram of active Q-sepharose

fractions
The flow rate was 60 ™/hr and the volume of each fraction was 5 m{/tube. The arylsulfatase
was eluted with a linear gradient of 1.0 — 0 M (NH4)2SO4 in 0.02 M Tris=HCI buffer, pH 7.0.
The protein concentration was measured at 280mm after 1504¢ of each fraction was diluted

by 10 times with the same buffer.
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3 SDS3t ARl A8EE ol FU3HH 150VelA 2A13F FHAID F
coomassie brilliant blue R-250-8 A}-&3] 943lx2 M-OH : isoprophyl
alcohol : F/HF (L18)EFA O 2 SAAAH FFAHAR FA9| o]F
TE Husy 14 2 AAAN ok #PRAEE A2 2, a4
BAGAZE Yo w2} dA o] YEhy= band9] W7 FopRth
o] tiFE EAH AP @Al AAHJUSTS UHEUH, F,
A £x7F AAGAZE JgHo g FoHiee Yo (Fig
16., Table 3).

5. Arylsulfatase= #) ZH agarose?] = 3}53 54

5-1. 4t719} 84ko] 2

Arylsulfatase® zj2]@ o] FeEe] A Aeyd Mo s}
= FFE ST A, AgFol A7 Fig 17.0014 vehd nis}
Zo] vhgA|Zto] Ao uhet ghgAFo] FAsitEo] &HFH 0w FUt
gk 9, $Hdo] EXjske 3] e A A ot dAske Al
2 Jeith 59 il v 8A7iRke F43] At en olF
2473t Ft] wEEo A= & AolE YERA skt o|HE A= vk
3l 9o g whgiFor fFold SIS &I dAlste Ae B
AF3 ek o]RAE AAAEE s FHe] F4PER] agaropectine] &
2 ol e IV7E e AEHE EAEA ¥ FU1E 5 A%RE
AH 2 EA3ts ASo] Bagoz Had A aiF o] o5t A
T lew] FUetdon, HHFe Fi7) e B% (p<0.01) 7hgol 2+
2HE 998 2%E Y.

Fx7le Aol Aty gEd A AT FA7) dEe] B
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Table 3. Purification of arylsulfatase from Sphingomonas. sp. nov.

Protein Specific

Fraction Vtzlr:g)e conc. ?ﬁt/':'n':;’ activity Zl:)rlg Y(';I)d
(mg/ml) (U/mg)
Cell
homogenate 2600 3.860 0.0158 0.0041 1 100
Q-Sep 102 1.03 0.041 0.072 18 45.9

Phenyl-Sep 19 0234 0.13 0.576 140 32.2

Arylsulfatase activities were determined at 45 and at pH 7.0.
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o, 3ol Ftet gelshs S Wolx=dUh Bl 5 3
o] ¥&5E FHF Y agarosePFFo] FolRthe Bire} AX)FC) (i et
al., 1956; Tagawa, 1969). E3}, Tagawa (1969)= modeld 3PS T3}
agarose®} agaropetin®] ZAJH]e] o7t kel EAJol A FFE WA
o Rusidt

5-2. Gel strength

Arylsulfatase2 *2]d S 1.0% = < #Ho] 2 A=E 3% 4
¥, G| de] RO A2 Fo] o 16w w2 A=E Yehiigle
B, o|A2 A HHE FYE agarosed] FE9} HIRPS o, thh @ik
F 4olA AHE F dRo] 2F9 EAXIAEH D3] B FEE U
ERiRiTt (Table 4.). Uvto g, G717} g§ow, Aol Ao Hojxn
A 7= ¢} 3,6-anhydrogalactosed]&-0] Yt} (Duckworth and Yaphe, 1971).
ol #4717} L-galactose-6-sulfateBE) 2 ZA) 3}kl 743 Qo) 93
3,6-anhydrogalactose2 ZE=7] wE<Q Ao BuEw t} (Duckworth
et al., 1971; Nelson et al., 1983; Craigie and Leigh, 1978).

5-3. Viscosity

aa AH2ld A A FHe HEe AEE A 05%9% 1% F
=2 ZAstY 66T 80CoA B type viscometer (Model BM,
POKIMEC. Japan)Z#4 60rpm9] spindle £=2A4 ZAs4ch 1.0% %
d o, 80TAA & FAGA & Aele] H=rt X dej vls) axxgF
o AgolN s 1ARE ¢ 4 UUTH (Table 4)
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Fig. 17. Change in sulfate and sulfur contents of samples from the

enzyme reaction mixture during agarose preparation.

10 U of the arylsulfatase used for 1 kg of agar. The reaction samples were taken from

the mixture according to the time course and centrifuged. Sulfate content in the supernatant
was measured through Barium precipitation method and sulfur content in the produced
agarose was elucidated by CHNS analyzer.
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5-4. Melting point ¥ Gelling temperature

gele BATE 54 7 B BA e T YA F=2
geldEBld o 9 soldeld W U] Hrisim gk B A¥uo)
et A E S 10%F=Y W) gelA A £ AE|e] Melting point
9} Gelling temperatures &3 ZA¥, XM AL 40CHT, TiT
Foll= 34TAET, AR Qe agarosee] 7-9-9} FAFSI T} (Table 4.).

5-5. Syneresis ratio, Turbidity, EEO (Electrodosmosis)
FHE EaAHAR AYF, P 0|48 (Syneresis ratio)e 4z}

224 %, 211 %2 ZHaste] wEe 232 Jei Ao
Hx (Turbidity)& A3 A solde] ¢ W= zhzt 01633 0304
Fonm, geV:JEH d W= 2ZH2h 0506, 04199 ch 3HH RN 380 ~ 780mm
Abolol A 4+ 2 ER S FAEIE 3pgo] A4 E Wo] Exn e o}
AE, $8e) FEI BOlASE Bl PAST oy AL o
2o U AEHD FHY FYSE sol4HY o= APsAR
@ gelo] B W 1 FHES F43 FojA}. o]AF o= ¥A
Fol EUH e EEEY FHo) B25E I HYs AXT, w3
sTE 9 =7, £ =E e g ggtn Basn o
Lim and Okazaki, 1970). §d ZAol Qojr] &Far= 3o WA
of A7A=Z deiA gle L-galactose-6-sulfate A3 o} it} o]y
g HFAES AL (Rees, 1961a) £ &zha] (Rees, 1961b)xjalo)] <]
st 27171 A A S 3,6-anhydro-D-galactose FEj s AFJHc} o)
A3 HI JHHOE agarose FEFo] Eol A Fmrt Asstw,

e o
2y

—

r

agaropectino] ZHAle] gat7)3HEo] 21T, o548 P FEE Wol
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Table 4. Physical and chemical properties of agarose
prepared with arylsulfatase from Sphingomonas sp.

Enzyme—treat
Control ed agarose Commeial
(10 Unit/kg)

Gel strength

148 2 236 2 358 +3
(g/cm?)

Sulfate (%) 3.80 £0.012 0.28 £0.002 0.19 £0.001

EEO (~mr) 0.79 +0.006 0.13 +0.005 0.12 +0.006
Viscosity 65T 45.0 38.0 -
(cp) 80T 45.0 18.0
Gelling Temp. (°C) 40 2 34 +1 35 +1
S ists rati
ynergists ratio 224 511 _
(%)
Sol 0.163 0.304 0.061
Turbidity*
0D at 600
(OD at 600 nm) — ~ 1 .50 0.419 0.238
Yield (%) 100 76.2 +3 -

Enzyme reaction was performed at 45°C for 4 hr. The reaction mixture was composed of 1 kg of
agar powder, 5 volume of Tris—HCI buffer (pH 7.0) and indicated Unit of enzyme solution. "Data
were mean of triplicate.
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Zlt} (Table 4.).
EEOt agarosetfjol]l 34}7] E= pyruvate #7]9] £2 ZHsi=

of:

A
o2 F3sE He E30] agarose Ao EAFozA DNA9 22 B3
o] H7lolE & Walst &, 2ol AYH agarose® H7|FET o),
AR AN = agaroses?} AE SolLd AT 4 Ae FolLo]
FHFLE o]FFIT ERAE F0]2E T7|EZ DNAS} e Lo

2& 7 EA e olEdtA EA Eu. welA EEO2] =42 agarose
o] ¢5& Yehlle X®7} Hu, o] 3 EEOY =32 F49<l dextran

 albuming Ao H7|gE3te FAgot 43 Az EEO: 0.799)
Al & AEF 01322 agaropectin®] sulfate’} E&FFH oz A AHY
59 UEIT (Table 4).

ol’3e] Astol) A, 100 U2 arylsulfatase® 2] dHo] ARE, A
7] &%, Ast &= 9 £ - 88 5A4L AHEE DNA d79%54
agarose®} FARRE FAEYS Yo, 53] e FEAFR
o 84 @2 Ao yeyth Sold wHet A 7)E9 f718vd) o
g agarosed] EE|A] 80] 25 - 30% FEolY, E FAuEgo] oA
agarose YAl 8L o 75% 2 YEhRon, o)t AR agarose]FA]
Azd7rs A8 438 5 UdS A= Frian.

A7BeL 3tde @ @A B/t AN FF B 3o
2 olFste A4S T ojn dMAe o5& e Bl M,
A7l 2, 899 pH, AAA Y T/ F B 890 o I9FL

deE, dFAd d719Ee Yol dAde Ree aude] A
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7195 A9 Txd 93 AP B APyl wa} arylsulfatase
2 A2¥ 33 gel& TE] 1kb DNA ladderE agrosee] %57} 0.8%
gelol A 5 volt/(geld| 2 dolem)9] AY¢oZ A7]¥%F % DNA bandel
FHE BH agarosed] EFAL H}slglch. olw) A9 agarosed
Hzx+#o2 FMC (FMC Co. LTD., USA)9} Ammesco (Atmesco Co.
LTD. USA)agaroseE Al&3lgth. 2 Ax, Al#s:= DNA 71958
agarose (COM.A and COM.B)$} DNA £3a%59] lojA xjo)r} Ueh}=R
B3kt (Fig. 19). ©3]8] £ &2 A2 agarose (ENZYME):= A|ghs]s
DNA 71%9% & agarosek t} tailing ¥4 ¥ DNA band®] ¥ x| &AF
s FAF F glon, DNA £8%9 lold Holu Ao
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Fig. 19. DNA electrophoresis on gels from commercial agaroses and
the agarose produced by the enzymatic method.

The gel from enzymatically produced agarose (ENZYME) shows a better resolution for
DNA than those from commercial ones (COM.A and COM.B).



V. 89

TEF AEHE oF= TA YUIHREA, T4 agaroses} 4HAIQ
agaropectin®] E3ITIFF 3L o (14)-36-anhydro-D-galactose 2+ B
(1-3)-D-galactose7} Wz} A3 =AE 7FAH < 6% 3477} esterd
&S o]F Utk o] ERTEFFo wAEo] A= HAE FHEAA
agaroseE A4tel7] 98] s H-E] 3HH agaropectin®] sulfate 3] 5 )
e v BES B, 2EE nAEY AAEALL wHY HFA
AN dFE st wSE FAZRE FAN G4 o) &3d
o] 3hH agaropectin®] sulfated] HLA|H 1 EIHE AEdgon, o
FollitEo wHstd EFU SAS AgsEd. 1 AnE aoksid

1. siseol A Arylsulfatase@Ado] e T2 74, Auste] Arylsulfatase
4ol A3 dFE EEst AHFEATA st FHsIHT o
TdF< 165 rRNA 2243} Sphingomonas xenophagas}t 96.35%2] A54S 1}
guUliglo, o|AF= 97%0] 4s8S ashe dEFEAEY §eldl ulx)x|
K3 em 2 Sphingomonas sp. nov.2 WEE OB, AFoz uhEF T}

025 %E A7FstAe W A4l Had Sk o9 wARAFL
potassium phosphate, sodium chloride % magnesium sulfate?} z+z}
0.15%, 2.5% 2 0.012%¥ck. wiFzAc2E pH 70, vi%eE 30T, vj%
A)Zt 48hr, wRF 4% 350rpm, E7)% lvvmolAS ® HAF oz Jehgtl
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-

3. Sphingomonas sp. nov. @30l A4HE = arylsulfataseE & AZH 3
A agaropectin®] sulfatel&jlo] o]&3tHon, 1 EF FAH 1:10°2]
AFH|E FHT o] AAE 45TAA 2A7HERE ¥HRAIZ] A, AAE
agarose®] 4 Axe 16v] FUIRlon, EA5= 347= 9B% (p<0.01)7}
AAHJ T3 o] EAE 0|83l THEo{3] agaroseZ-2 DNA 7|9
EA9] BEsoA ABEE agaroseE THE A vlud wE 5349

=

e

ojxte]l AFoA FHFZHE arylsulfatases thgF A= oF
(Sphingomonas sp. nov.)9] ¥HAF} 3+ agaropectin®] sulfateo]]
arylsulfataseE 2 -§A]# agaroseF el o] £3) AE-& A, TR
WslE 29X BAS 493 AL 49 et dE Avdn
A zr ot
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