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An agar-liquefying bacteria (SC-22), which produces a diffusible agarase that caused agar softening
around the colony was isolated from Daecheong lake in Korea. Chemotaxanomic and phylogenetic
analyses based on 16S rRNA gene sequences revealed the strain was classified as Cellvibrio mixtus
SC-22. The isolate SC-22 showed maximal extracellular agarase activity with 58.5 U/mL after 48 h
cultivation in the presence of 0.2% agar. It was observed that the isolate produced two kinds of
extracellular and three Kkinds of intracellular isoenzymes. The major agarase was purified from the
culture filtrate of agarolytic bacteria by ammonium sulfate precipitation, anion exchange and gel
filtration column chromatographic methods. The molecular mass of the purified enzyme was esti-
mated to be 25 kDa by SDS-PAGE. The optimum pH and temperature of the purified enzyme
were pH 7.0 and 50°C, respectively. The agarase activity was activated by Fe**, Na*and Ca®" ions
while it was inhibited by Hg**, Mn**and Cu** at 1 mM concentration. The predominant hydrolysis
product of agarose by the enzyme was galactose and disaccharide on TLC, indicating the cleavage
of B-1,4 linkage in a random manner. The enzyme showed high substrate specificity for only agar
and agarose among various polysaccharides.
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= 7K e IEA|HMorrice 5, 1983; Stosz 5, 1996].
o 714 F& FAske Y Tl
e oste] o]5o] Aitehs Fxws] 842 agarase®]
2] agarose®]

Adel] F=2 o] g&E AEA thRe] A Hloleds Ado
Z W= =2 gERolth e 2= =k agarosedt
agaropectin®] T+ FE|Z EANSH agartldF79] F 70% A%
S AAEIL Y= agarose= 132 Z AZH B-D-
galactose®} 144302 AZH 3,6-anhydro-o-1.-galactose]
Az FAAE A ZEA FH o], agaropectine 3,6-
anhydro-o-L-galactose %F7]2] ¥F7} L-galactose sulfate® x|k
3L p-galactose XF719] UF-7} pyruvic acid acetal 4,6-0-(1-
carboxy-ethylidene)-D-galactoseZ X3+l Fe|2 F+AHE 23}
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ol 2J3fe] o]FoiXIT}, Agarose £ 8401 agarase= 8%
2o wet a-(1-3y2%-S #3015l agarobioseE FATIZ
3l agarooligosaccharide S A AF8}=  a-agarase(EC  3.2.1.
158)9} B-(1>4)yA3S H3l5k] neoagarobioseE T THZ 3}
£ neoagarooligosaccharideZ AJAFSH= B-agarase(EC 3.2.1.81)
g47F 4EA Ut Young 5, 1978; Lakshmikanth 5, 2006].
Z  a-agaraser= 3,6-anhydro-o-L-galactose®] (a-1-3) B-D-
galactose Atolo] AFS #of el WS F 3 6-anhydro-o-L-
galactose Z+7|5 A= agarooligosaccharideE AJA+shH, I
Sl B-agarase= PB-D-galactose (B-1—4) 3,6-anhydro-o-L-galactose
Atele] AgRE 7Hraafiste] $hl Uhe® B-p-galactose 117
£ 3d3= neoagarooligosaccharideE AY2Feict.

Agarase= T2 3| Mlito] Aikshe o] #FEL
Aojw gk 7] ode] agarases AAtels ASE UFEMSITEH
B-agarase®] 7 T #F7F AR TRE EAS 7R F 7] o]
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3o isoenzymeE AAtsh= o= Wol Hilxo] o, a-
agarase’} ¢k oA T 71A] o) ARk o= ALl gl
53] B-agaraseE AYAeh= ¥ 5 o-agarase AJAteo] HAIEA]
> Fo] o Bo] JUth oA sl 2 Al
#e A= EE Cytophaga®[Van der Meulen 5, 1975],
Pseudomonas®:[Morrice 5, 1983; Belas 5, 1988], Streptomyces
% [Buttner, 1987], Vibrio%[Aoki &, 1990; Sugano, 1995],
Bacillus%: [Suzuki 5, 2003], Pseudoalteromonas<iTao %,
2008] 2 Altermonas3:[Stosz, 1996]5°] AYAHsH= B-agarase®]
84 g §Aske S0l FEEAAl AFEIoY, o-
agarase®] 73-¢- 13 34 Aol EAlslE et SEAT 4
AgAie] B4 2 o §8x7F BuE A= Q13 a-agarase
o] o] dF B Ho e Aot Young 5, 1978;
Ohta 5, 2005; Flament 5, 2007]. 3+ tiH2] agarases
30~40°C, pHe S4FY90NA HA 24 7Y A &
A 18,000 DacllA 360,000 Da2] T3t A712 ERTE

2 AN E d FeleAel B8 a8 agarase B
2 B A FAAE BElsh] k] U At sE x
Fste] He] S22 RE R 23 AFES ERlEh £
=M= o] FollA R el e HeAlee] e,
&4, 12lal o] Eel#eE FE AYLHE agaraseS A5
1§44 548 Haslaal gt

ME X

TFEREFE 223 A A% = EHa F Rl
g gl SC-22 FFE i Y F2e] WEllA
Eejslo] & Aol FAAFE ARSI

iR B o SC-22+F¢] S-S FI8iA= Tryptic soy
broth(Z %<~ 1L%3 pancreatic digest of casein 17g, papaic
digest of soybean 3.0 g, dextrose 2.5g, NaCl 5.0g, K,HPO,
25g, pH 7005 ARSI, B3t agarase A2 side 2
Ze] FdujAel 0.2% Difco agars F7Fsle] wiFsidlen, 4
ol AME-E wi|e} Ak Difcodt Sigma A AlFe] 57
AlekS ARESIIT

2 54, Bl AWt 42 TkemotoS} Miyagawa
o] wbH[1999]e] I8l AR LS methyl esterst AlA FF
&}4]  Microbial Identification System(MIDI; Microbial 1D,
Inc., Newark, NIy ©]&38}o] F243}93L, Isoprenoid quinone
BAF0] 4L Collins 5[1979]2] WES o431l DNA-
DNA hybridization 413-> photobiotin-labelled DNA probe <}
micro-dilution wellsS ©]-8-3}] Ezaki S[1989]1 2Js 71&H
HhHol| ]3] 3}t DNA G+C 3 242 HPLC(LC-
10AD vp, Shimazu, Tokyo, Japan)@ X3}ttt A2lghy &
AE aHESA M T8 AMEEE= AP 20NE kit(Bio
Merieux, Grenoble, France)S A|Z3|Ate] Alaiwlsdol] w} A}
Sl =gk 168 rRNA 9714 < s 8 Als 2Hde 9
ato 16S rRNA®] HEAHe] &/ DDBIEMBL/
GenBank database®] Blast programe ©|-8-3}] £ 9o,

AHEE. SEE) AFE ek SR U wise
=]

7zt A71ME  alignmenti= Cluster X program package
(version 1.8)S °]8-sfo] AL, Alste] YL a2
el eJAste] AR =AU

2% A% 0 524 24

AL FA. w71zt e ATt agarase B oAF-E
glsl7] Qste] Ak #F<90 SC-2272 0.2% agar g3t
Tryptic soy broth BjX]o] wj<Fale] 12417 wit} §3 %=
(absorbance) 610 nmol|A] vljFle] BeE ZA3ho 2 AY5A]
EE IRIsIAL, Bgk 7 AIZPE wjodd Fo] vhid g
9 agarase A3 FS ARSI

Agarase 84 =4, Agarse T4 =A< 02M sodium
phosphate  buffer(pH 7.0)° &31¥  0.1%(w/v) agar(Difco,
Sparks, MD)E 7|4 & o]&3alo] a40] sl 28 o) 7]
AZHE AdE galactose TLFS Somogyi H[1952]02 =
AT, Agarase €49 A== 1H7F 1 umoled] galactose
S A Ule 849 42 1uite 2 Aofsiior, 15
A& galactoseE ©]-8-ste] Atk g Wl ghgke
Lowry H[19517] <J3l 7 =a13itt.

Agarase®] ¥3 2 AHA. Agarased] FAE $I3NA
Pharmacia Biotech A}2] GRAD-FRAC™ 7]7](Optical Unit
UV-1, Mixer 24V 50-60 Hz 5MPa, Valve V-7, HiLoad pump
P-50, Uppsala, Sweden)Z ARE-sIo™, A o3} FZulE 1z
9§ columne Sephacryl S-20022, ©]2 3 column
Resource™Q(1 mL, 6.4x30mm, GE Healthcare, Princeton,
NI ARSIt

FAEE JA. TeuTs HEwddelA 39 A"
HlgeE 9 10,000xg, 4°CollA 2087 AlEel et #AE Al
A MF TS Bt IE Wi ASAE 75%
ammonium sulfate@ FHAA|Z] FH F4 = (Seamless cellulose
tubing, size: 20/32 100 ft, =J&Hlig4, Tokyo, JapanyS ©]-83
o] 10mM sodium phosphate buffer(pH 7.0)2 ©]-&3}] 244]
7+ B3 & F5FH (Ultrafree-Cl, Millipore, Billerica, MA)
2 558t

Ao, a4E AHAS7] $81A Sephacryl S-200 2
(Pharmacia Biotech, Uppsala, Sweden)2 %1%k column(1.6x
60 cm; bed volume, 115mLol] 1mLe FA¥E=NE F9)3t
&, GRAD-FRAC™ 7]7]& ©]€3}4] 0.1 M sodium phosphate
buffer(pH 7.0)Z £Z(1 mL/min)dAA] test tubeol] 2.5 mLA
8 TSIt

o] 2ETHA]. ¥l A o3} oM FE EYEE T
0.5mLE "|g] 0.1 M Tris-HCI buffer(pH 7.0)2 ¢F83A7) &
o] 2w 349 Resource™ Q(Pharmacia, Uppsala, Sweden)ll 5=
dated E45 bds] FHAIR F NaCle: 0.5 M7 s
HIE FEXA NaCl 52 Z7i] weh A9 ld peakS
2mLAube® 8 FHBAAL, 7F 8o vl gy
< SAskan. RIS 3]4ete] Millipore &5 FE
(Ultrafree-MC, Amicon, Millipore Co.)% %3 ¥ SDS-
PAGEZ F3l #2]¥ T4 bandE ERISIIT

EAF 2 Zymogram 3. AAHYE Fo| 84 HAE 2
AAE dwde] BExege owd o FAX(ATTO, Tokyo,



SEARSNAF Cellvibrio mixtus SC-220) 58] 2 Fh% EA 159

Japan)E ©]-8-3t] SDS-PAGEM ] ¢Jal gRlsidict. B3t 7t
T el gAede ERIsh] 918e] zymogram tests
BT B3 whld A]FE 4xSDS protein sample buffer
o} &3tek A 82 SDS-PAGEES ol&3l] #719%3 7143l
1% agarose(Sigma, ST. Louis, MOy $Joll HH3HA #H v
37°ColA 24717 &<t HHEA1Zl ¥ Lugol’s lodine solution
o] FHSkS 4 ool ulet agarase®] AT iYW
Aol BAFS It Na 5, 1972].

A pH 2 HF2=. AAE 840 F4 pH ¥ 255 4
Esl7] fstd 4 pH A 9181 02% Bacto-AgarZt -
# 20mM sodium acetate buffer(pH 3~4), 20mM sodium
phosphate buffer(pH 5~8), 20 mM glycine-NaOH buffer(pH
O~ 71AGNCR sl BT 30i7E 40°CellA] wESA
7] Somogyi-Nelson Hol| ]3] 4EAS S2gsIc) 3t =
A= 20 mM sodium phosphate buffer(pH 7.0) ¢} &4
BEES 20~70°Collx] 3027F WHSAIA WO S5t
act.

714 BolAd. a4¢ 7|50 RAME flste] 20mM
sodium phosphate buffer(pH 7.0)¢] &) thdF< CMC,
alginate, starch, agar, agarose, 2 xylan2 Z}Z}F 0.1%(w/v) &
7hste] & BNl 5, 7F 7]dol g A4S EE 585
ATk

F&ole g3} 7t F40]2E LiCl, FeCl,, MgCl,, HgCl,,
NaCl, CaCl,, MnSO,, ZnCl,, CuSO,, ¥ MnCL®| W& &
TE7F ImMe] HEE Az ukgde] gidls Hrisiar
40°ColA] 3027 WR|gE &, 2EE A &Y A4S Sl &
& o]50] BAFA HXe FFS FAFSIATH

L2399 TLC ¥4, 02% agarrl H7Fd 7183} A=
BANE AZPERE WRAIA AR ERlEES AR NE
a2 EAEAT ol AAAEE MerckAHe] DC-
Plastikfolien Kieselgel 60 F& AME-3}9o™, H7]&ul= n-
butanol, acetic acid, waterS 2:1:12] F-3H|Z2 4]0 ARSI
ot} Al§E AN % ethanolic sulfuric acid(375 mL ethanol,
100 mL conc. sulfiric acid*]9FS 223k AZAIA 10%((WH)
H,S0:2 =323 5 110°CoA 10827 71dste] FApoz o
AE= g &E)ardg 1At Duckworth 5, 1970]. ©]
o HL2IY FFEEHIE TIFF galactose(Acros, Morris
Plains, NJ)?} ©|95F lactose(Sigma, ST. Louis, MO)E A3}
At

2o 9 oa

g Bl £, AAeE I ol g7 AR iy
3L Sle dEel WA ES I8E agarase TS ]
flete] 2 AFelMe tiFEe] d Zal mideEel M =
< E55 Kol ddA sixREc] A iE ¥ slxAt
ol AIZIR1 Edel Elvet AlFEsitt thd o
WO FEolA] oF 4009F9] i AMES AFste] e &
& Esiaen o] Felx oF 10952 45 13+

reailn) o5 % = 9l Be BAS nole W Al

Fig. 1. Staining of the isolate using Lugol's iodine solution on agar
medium plate. (A) Agar-degrading bacteria SC-22 on agar medium
plate and (B) activity staining of SC-22 with lodine solution.

SC-22& Adsle o]5e] BRPH 54 R a4 54&

Yol gt

T BolleS Hole #F5S Uyt 3 A wix]oA i
g3 o FRUES FAoE TE NS HolZ g A HiA
AAE AsA7)e S-S Holra B AFelx= SC-22¢] &
ARl e ERIs] f18le welsrs IRl streaking
3to] wjet 3 Lugol’s Todine solutions e $He- = Al
AEE RIS Fig. 19437 SC-22= #EsHAH HiA|
£ I So7ke SA A Bilon, E2Y FHd Iy
A 82 g o5 I HX| eF o] B2 Z(B) &
2 Ho} agarase 8/d0] 433 Atk AMES g1 4 A
Art.

T3 Bl SC-22% pH 8.0 ¥ 70~-80%2] 57t &
gl wiRleA & Ashe AFARA S Atk g dut
Alo] 2 A= pH 7.0 #F 0.05% ©]38+e] Y& NaCl %9
A & Ale 54 Bl

AR F SC-229 FH

AR 23 G+C FF BT SC22 7] +F
AR PRS- BA317] 9181e] methy esterd]l tH3F MIDI ¥4 2
I FQAEPE FSH AL C16:1(39.80%)7 B3Rkl
C18:1(31.50%)2 skl Anem, 8 Q1A A2 phospha-
tidylethanolamine(63.1%)°]$AtF. B8 SC-227F2] DNA G+C
ek BE Cellvibrios type @9k H1S=3E 52.6(mol%)
b=

AT ABEA. SC22 752 16S rRNA G714L9S 2
gato] BLAST Z2agS olgate] AlF SXE HES
A3}, SC-22 5= Cellvibrio mixtus subsp2F 98.9%2] AL
S X3, DNA-DNA relatedness & &M% Cellvibrio
mixtus subsp. ACM 26013} 90%¢] 54<S UepdozA
Cellvibrio mixtus 2 573% A THFig. 2).

ASTA 9 G848, SC-22455 7]EuIA9] 02% agars:
3= Tryptic soy brotholl 3E3te] 30°Col|A] vl FalHA
w1227} FREEE)E SAst ASEEE ERIE
o} B v 1247 o] % o] FA3] TIst wiY
36A17H AS HAE JERSIAL 2 o] Fell= AAE] A
SIATHFig. 3). S 7|7t whe} Eejdel] ojste] HH]y]
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Cellvibrio japonicus NCIMB 104627 (AF452103)
Cellvibrio grandavensis LMG 185517 (AJ289162)
Cefivibrio sp. LMG 18453 (AJ289161)
Cellvibrio vulgaris NCIMB 86337 (AF448513)
Cellvibrio mixtus subsp. ACM 26017 (AF448515)
Celivibrio mixtus subsp. ACM 2603 (AJ289160)
Cellvibrio mixtus SC-22
Cellvibrio sp. LMG 18563 (AJ2B9163)
Cellvibrio fibivorans LMG 185617 (AJ289164)
5 Cellvibrio ostraviensis LMG 134347 (AJ493583)
Cellvibrio fulvus NCIMB 86347 (AF448514)
Peudomonas asplenii ATCC 238357 (AB021397)

0.005

Fig. 2. Phylogenetic tree showing the relationship of the strains
Cellvibrio mixtus SC-22. The tree is based on 16S rRNA sequence
data and was constructed by using the neighbour- joining method.
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Fig. 3. Growth curve and agarase activity of C. mixtus SC-22.

£ agarase 84 FALEE ZARRE A3k wlg 482700 58.5U/
mL®] o agarase /35 UERHSITHFIg. 3). °l& 71 B
2HAZ FHES v|AWE Vibrio sp. JT0107¢] 66.0 U/mL
[Sugano, 1995] Xtl= Tk ROy}, Microbulbifer salipaludis
9] 45U/mL[Ohta 5, 2004] 2 Pseudomonas sp.2] 46.5 U/
mL[Morrice &, 198314 Hlwgls wf 7 AAFe] =& G570l
ATk

Zymogram A3, FoliFE M¥EY = AEQ] agarase &
AF Ao Eelto]l Ak AEW 2 MEQ] agarase
aAal] TRt BARFS 1] 98l zymogram AlEE &
&at7] flste] 2t #o] v oo, wiF oJole] acetone
AN, 223 FAE Zevhidst] A 3 NS F
== WA SDS-PAGERACIA 71958 5 zymogram
< &3l B4 agarase TES SIS SC22d+= Y
M2l agarase & A[Aoki 5, 1990; Suzuki 5, 2003;
Lakshmikanth &, 200920} Tha Exjgfo] 2k Alxd] g4
2 PI(55kDa), P2(29kDa), P3(20kDa) Z719] isoenzymeS-<,
AEe] aaze P29k P3 AL AR ol T F&
agarase BAE P2(29 kDa)pl| dlEsls ©ddS 13 4
AANTHFig. 4).

Agarase £2] 2 AA|. s Ealls+ SC-225 7&K of

=

M1 23456

123456
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200 KDa -
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Fig. 4. Zymogram analysis of agarase activity from C. mixtus SC-
22. Lane M: Protein marker (Myosin 200,000 Da; [-galactosidase
116,000 Da; phosphorylase B 97,200 Da; serum albumin 66,409 Da;
ovalbumin 44,287 Da; carbonic anhydrase 29,000 Da; trypsin inhibitor
20,100 Da; lysozyme 14,300 Da; aprotinin 6,500 Da). Lane 1:
concentrated culture filtrate (3 puL), Lane 2: concentrated culture filtrate
(6 uL), Lane 3: acetone-precipitated culture filtrate (3 pL), Lane 4:
acetone-precipitated culture filtrate (6 pL), Lane 5: Intracellular agarase
(3 pL), Lane 6: Intracellular agarase (6 pL)

Foto] 397 v o Al ste] Pzl uiekedel 500
mLE 75% ESIEE SAIERS Fvkele] aadhids 3
ZA)713L 20 mM sodium phosphate =8 (pH 7.0)g ©]&3]
of B FE3dle] SsmLel X8ANS At Za4h ImL
£ Sephacryl S-200 columng- FHA|A £33 A3}, F 7)<
peak’} FE|H oW EAlgo] Z F HA 2o tifEe] &
2o EAsIG R o] £ES Kol FE3I%TH(data not
shown). 37| Aoqzpgiel] ofs] dojxl &4 EI= 0.5mLE
Resource Q S°]& w30 F2A7)aL, NaCl s=74))
oJate] §EAIA EMAE FElste] Sol FA oA A
Fato] @ o)Al GEEHE A HAl peakol] tiF-e
TAgo] Al o] YRS AT PAEAE ARSI
A EAF L. GAlE EAEES SDS-PAGE HE ©]
o] a4f] AAE 2 BRI A, AAae] #
AL zymogramAH-S B3 EAE F agarase T HY
P2(29 kDa)Rt} ThA 2 25kDa® ElElo] niwA 279
Ashohs tha Hol7h 2lglont, Fig sBYIA Hd 25 kDaol
dFeke A AAE zymogram APS T FlE F e
A2l P2(29 kDay?t FHst Tl = AHEICKFig. 5).
40 B 9 F&ol &3 HA g4 A pHe iy
i pH 8 odellA Ho 245 Bl Ut Frell agarases}
= 292 pH 7.0904 HUIEAEE B pH 9.0 oldME= F
Z3] EAo] ol thFig. 6). AAZE #2] AS% pH 8.09
iRl e S 5 Aol F438] Aoz ofd
Ze] $ollA wilg- Rz A% SAS e 3 HA
eEE HwA ES 259 50°ClA A B S YE
WrkFig. 7). F&0]-8 G2k loja A52ke e A
28-S fidehs APE 2 JoBE AAate| gk 7+
T 2% ol T AR HF I1mM w29 7
F&olo] gt g3E RIg A, SC-22 w52 74 Fe¥,
Na', Ca** o]2mM& - F7hrel Hls) Arjzles g4 44
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Fig. 5. Determination of molecular weights of C. mixtus SC-22
agarase (25kDa) by SDS-PAGE. A: purified agarase, B: zymogram
of purified agarase. Bovine serum Albumin 66,000 Da; Ovalbumin
45,000 Da;  glyceraldehyde-3-phosphate ~ dehydrogenase 36,000 Da;
carbonic anhydrase 29,000 Da; trypsinogen, PMSF treated 24,000 Da;
trypsin inhibitor 20,000 Da; a-lactalbumin 14,200 Da.
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Fig. 6. Optimal pH of C. mixtus SC-22 agarase
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Fig. 8. Effect of various metal ions on C. mixtus SC-22 agarase
activity. The agarase activity was measured with various metal ions at
1 mM concentration by the analysis condition mentioned in Method.

Gal Lac  30min  6h 12h  24h  36h 48h  72h

Fig. 9. TLC analysis of the oligosaccharide products hydrolyzed
from agar by C. mixtus SC-22 agarase. Gal: galactose; Lac: lactose.

< 1020% S771E Aog Yehtoy, Mg, Hg, Mn*
9} Cu** o] 252 &4 @8 A AsrTe A= Y
$eh(Fig. 8).

A E83Fe] TLC 4. A a0l o5k agar®] Haiit
B8 ZAR] 218k 20mM sodium phosphate bufferel] 831
H agar 71283 A SC-22 #FF9 GhAE s
40°CONA Zkz; 30%, 6, 12, 24, 36, 48, 727+ BFSAIZ] &
AdE &P TLC 245 B3l lsit. ¥eed
A @dFQ galactose®t ©|FFQ lactoseS ARE3le] Rl
A, A asE SR oBRE F TAER APt
om, Azte] AIEFE JFALER o|FRETE TR
galactose 2] o] F7Ieh= A4S HASZM Duckworth
51970181 Aot FARE B-agarase FEfo] 2REF21S BT
(Fig. 9). B3t 7} & T/l CMC, alginate, starch, agar,
agarose 3 xylanol] Tt HA| g4 Halls AEE 53 714
Solde ERigk AFs A, BAEAE agar®t agarose®?] ol
o2 71848 BallelR] H3193, agariTRE agarosedll A T =

< 245 YeERHItHdata not shown).
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Al SC-227 thd thRF2o] "rollx] welst
Ak Askekd 24 8 16S rRNA 9748 4S8 58 Al
std 8575 B3 SC-225 Cellvibrio mixtus® 5735t &
gae] S 2 agarase 84 ANTS AED 43, SC2&
S0 02% agars H7FRE viA|oA vl 364171l HTh
AL, wiF 48217090 58.5 unitymLe] Ht) EAFAS Yehh
Ak > MEe] 2 AXEY agarases Y[R OH,
zymogram A gl <]3] P1, P2 & P39] isoenzymeS HH|5H=
Ao IR HAnk. wjFY o 2 HE APz o] 2 wer
AWML GAFo R o]gsle] SC22 FFEHE] SDS-PAGEC]
o3& 25kDa] EAE AASIE oM, AA G A= zymogram©ll
Al Bl F el P2(29 kDay SUSH ThlF o] ]l
A S YRS agarase®] AP AJAS HES A
B0 HA pHSE HAH L= pH 7.03% 50°C|.0H, F&0]
2 Fe] A9 ImM T2 FEAME Fe, Na', Ca®* o]
58 AAGAY S 10-20% 5717 v Hg, Mn* 2
Cu™ o252 a4 4E FA Aslekint. &g TLC 24
B3l AAlEAE I w8l SEAIPeR FE TRt oY
FE ASIEZE B-agarase] ZEES BT 71EEo1 A
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