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A marine bacterium with highly effective agar degrading activity was isolated from the southern sea of Korea (Chonnam,
YoChon) and identified as Cytophaga sp. and named as Cytophaga sp. AYK301. This strain produced an extraceilular
agarase which had a high activity with agar. The optimum culture conditions for the production of agarase have been
determined. For the increase of agarase productivity, 0.2% agar, 0.3% beef extract, and 0.05% NH:NO; were used as
carbon, organic and inorganic nitrogen source, respectively. The optimal initial pH, NaCl, culture time and temperature for the
agar degrading activity were 7.5, 7.0%, 36 hr and 25°C, respectively. In the optimal culture conditions, the agarase production
was increased up to more than 4.0 folds as compared to that by the basal medium.
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Figure 1. Photograph of isolated marine bacterium AYK301.
(A) Transmission electron micrography (TEM, X 60,000)
(B) Scanning electron micrography (SEM, X30,000)
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Table 1. Biochemical and physiological characteristics of isolated marine

bacterium AYK301.

Characteristic tested Results Characteristic tested Results
Morphology L-Alanine +
Gram - L-Proline +
Motility + 5-Ketogluconate +
Bacilli Glycogen +
Oxidase - 3-Hydroxy-benzoate +
Catalase + L-Serine +
Length of cells(ym) 1.5~2.0| Manitol +
Width of cells(ym) 20 | D-Glucose +
Optimum temperature( C) 25 Salicin +
Growth on seawater media + D-Melibiose +
Utilization of : L-Fucose +
Rhamnose + D-Sorbitol +
N-Acetylglucosamine - L-Arabinose +
D-Ribose + Propionate +
Inositol + Caprate +
D-Saccharose + Valerate +
Maltose + Citrate +
Itaconate + Histidine +
Suberate + 2-Ketogluconate +
Malonate + 3-Hydroxy-butyrate +
Acetate + p-4-Hydroxy-benzoate +
DL-Lactate +
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g 120 \S -6 =
2 52
g 480 E s B
= £
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—A— Agarase activity
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Figure 2. Effect of temperature on the cell growth and the agarase
production by Cytophaga sp. AYK301.
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Table 2. Effect of various carbon sources on the agarase production by
Cytophaga sp. AYK301.
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Table 3. Effect of various organic nitrogen sources on the agarase
production by Cytophaga sp. AYK301.

Cell th A tivit Cell th A tivit
C-sources e gow Final pH garase' acivity N-sources o gow Final pH garast? acivily
(0.D.s60m) (units/L) (0.D.60um) _ (units/L)
Control 0.17 6.8 35 Control 0.14 7.1 16.3
Agar 1.72 6.5 154.5 Yeast extract 0.76 6.1 387
Agarose 1.98 6.4 86.4 Casein 0.53 5.1 54.0
Corn starch 2.18 6.3 132 Bacto peptone 0.77 5.7 28.0
Potato starch 2.10 6.3 34.7 Tryptone 0.80 5.9 925
Wheat starch 2.16 6.3 10.9 Beef extract 0.90 58 195.7
Soluble starch 2.06 6.4 377 Gelatin 0.74 5.5 30.0
Lactose 1.75 6.7 16.8 Urea 0.74 7.8 60.4
Maltose 1.78 6.6 44.0 Malt extract 0.61 4.8 30.0
Saccharose 220 7.6 232 Proteose peptone 0.82 6.0 40.5
Glucose 1.80 6.5 244
Fructose 0.27 72 28.8
Galactose 041 70 4990 210 10
Gluconolactone 0.06 52 89 e
Mannitol 0.26 7.1 175 — ~ L
D-sorbitol 0.8 70 187 § {10 %
Galactomannan 0.65 7.0 22.0 o g s
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Figure 3. Effect of concentration on the cell growth and the agarase
production by Cytophaga sp. AYK301.
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Table 4. Effect of various inorganic nitrogen sources on the agarase
production by Cytophaga sp. AYK301.

Cell growth ) Agarase activity
N-sources Final pH .

(O.D.s60um) (units/L)
Control 0.29 6.8 5.0
(NH4),804 1.10 6.2 204.0
(NH.);HPO, 0.63 6.4 107.9
NH4CI 0.87 6.4 202.7
CH;COONH4 1.08 7.3 171.0
NH.NO3 1.07 6.2 206.8
KNO; 0.75 75 180.5
NaNO; 0.71 75 170.2
NaNj3; 0.02 74 7.4
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Figure 7. Effect of NaCl concentration on the cell growth and the
agarase production by Cytophaga sp. AYK30L.

Table 5. Effect of various metal ions on the agarase production by
Cytophaga sp. AYK301.

Cell growth Agarase activity

Metal ions Final pH .
(O.D .660um) (units/L)
Control 0.95 6.9 220.5
o 0.79 6.8 1717
Mn** 0.81 70 2272
Zn® 1.03 70 2304
Pb* 0.82 6.9 2235
Fe* 0.90 70 225.5
cd” 0.95 69 2105
EDTA* 111 69 229.0
*EDTA : Ethylenediaminetetraacetic acid
250 r8
—~ 200
i i
o w2
o 2 :'E_
N z 4
£ ' F
3 100 & R
% %
3 g2 |,
o] 0 P
4] L0

Time ( hr)

Figure 8. Time courses of the cell growth, the pH and the agarase
production in 0.2% agar culture medium. Cytophaga sp. AYK301 was
cultivated under the conditions of initial pH 7.5, 25°C and 180 rpm.

0Z Ko} NaClg 2~3%(w/v)Tt

2 Wtz
F 98T ¢ F AU

Z 240|850 7 AAT E4AEA vXe TS Yo
37 93 deAgE ojm) &= P, S, K, Mg, Ca, Na &
Agatn 1 99 nFALET F&ol2 FE& A#sh=
ASL 01 mMA A7t cKTable 5). 2 43, 23 8

MWy e o



Lee, W-K., Identification, Optimal Culture Condition of Cytophaga sp. AYK301

3 5284¢ e

AmzZASIoIM) th2

PN AP ZA7te FAZANIA AT BE g
< AFASe] FANE, oH W J2ln BANNE Qoli 2
3, FANRE o 1BAZIA B4R ARSI} olFeE o
HaA FADAL, pHE MFIAN T ez WHT.
$9, 5240 RAWIAE As 48T gkt 5=
A7k A FA7 288 AR ¢ F 15N 348 4
o] 27181l 36AI7HRE 60AZIIAE BANAT BAENE
o sl glol 7S YREA A5 AckFigure 8). T, PA
2N Ao FAANE AT MPALE 36X FEvt A
S ALgEv, 36417 ABFAS T 231 unitLE A3te]
ARHAE ALIAUE Wl 60 wityL BT} oF 4n) HE Ea
kol Z7hsTh

(o] o]
S =

oz RE FAENFo] Hold TFE =59 AMa(Hd,
Ao rE Estd Cyophaga spd AR FAHEHLH,
ol FFE Cytophaga sp. AYK301o}Z} HH3iyct #4443}
Eh AN S 3 24Uy 9%E 9% 2 EE9RE
o] g3l AHE ZHi B #FE agar/|FE AMEEt] S
£ W G440 J1R B2 AST FHOH, agard
00~0.6%w/v) TEE2 Arlstd HAARNFY FH2AL &
HEST 3 A 02%(w/v) agardl A HWELEHS UER
ot dage] dFe fU1E49 Fr1EAHCE ro] 47
S W39 beef extract 0.3% (w/v), NHNO; 0.05%(w/v)oll A
74zt Hao] aAS8Ads Jepinh 3 7] pHY GElA
T pH 7594 4840l 7MY £A Ve, NaCl §59 3
Foll M T%wvolA 718 2 48RS UeEhieH, 7
F B&ol2ol U TAELE AY Pl fle Aoz EQ
H3Ark mekr, B dfdie HJugRastA ZgAaz
W ¥E A, 231 unitsLE AAHet 7|1BHAE o] &39S W
Ho}h o 4u)] Ax A48 Z7lelESS Edstack

Ab A

B A7e 1998 3583 stednl AR
W3 : 1998-015-D00243)0)) 93] o]FojF o, ojd] ZAE =
Hych

£ I i

re

L G ATAAR (1997), s FrAR, p. 987,

2. Kong, J. Y, S. K. Bae, S. H Hwang, S. D. Ha, H T.
Kim, S. K. Kim, and B. J. Kim (1996), Purification of
Extracellular Agarase from Marine Bacterium (Pseudomonas
sp. W7) and Molecular Cloning of the Agarase Gene, Kor.
J. Biotechnol. Bioeng., 11(1), 37-45.

3. Kong, J. Y., S. H. Hwang, B. I. Kim, S. D. Ha, S. K.
Kim, and J. D. Kim (1995), Purification of Extracellular
Agarase of Marine Microorganism (Pseudomonas sp. W7)

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

5717

and Molecular Cloning of the Agarase, The First Asia-Pacific
Marine Biotechnology Conference 95, p. 57, Shimizu, Japan.

. Yamaura, I, T. Matsumoto, M. Funatsu, H. Shigeiri, and T.

Shibata (1991), Purification and Some Properties of Agarase
from Pseudomonas sp. PT-5, Agric. Biol. Chem., 55(10),
2531-2536.

. Malmqvist, M. (1978), Purification and Charaction of Two

Different Agarose-Degrading Enzymes, Biochim. Biophys.
Acta, 537, 31-43.
. Sugano, Y., 1. Terada, M. Arita, M. Noma, and T.

Matsumoto (1993), Purification and Characterization of a Nex
Agarase from a Marine Bacterium, Vibrio sp. Strain JT0107,
Appl. Environ. Microbiol., 59(5), 1549-1554.

. Belas, R, D. Bartlett, and M. Silverman (1988), Cloning and

Gene Replacement Mutagenesis of a Pseudomonas atlantica
Agarase Gene, Appl. Environ. Microbiol, 54(1), 30-37.

. Buttner, M. I, L. M. Feamley, and M. J. Bibb (1987), The

Agarase Gene(dagA) of Streptomyces coelicolor A3(2) : Nu-
cleotide Sequence and Transcriptional Alalysis, Mol. Gen.
Genet., 209, 101-109.

. Leon, O., L. Quintana, G. Peruzzo, and J. C. Slebe (1992),

Purification and Properties of an Extracellular Agarase from
Alteromonas sp. Strain C-1, Appl. Environ. Microbiol.,
58(12), 4060-4063.

Agbo, 1. A. C. and M. O. Moss (1979), The Isolation and
Characterization of Agarolytic Bacterium from a Low Land
River, J. Gen. Microbiol., 115, 355-368.

Sampietro, A. R. and M. A. Vattuone de Sanpietro (1971),
Characterization of the Agarolytic System of Agaro Bac-
terium Pastinator, Biochim. Biophys. Acta, 244, 65-76.

van Hofsten, B. and M. Malmyvist (1975), Degradation of
Agar by a Gram-Negative Bacterium, J. Gen. Microbiol., 87,
150-158. .
Hwang, S. H,, S. D. Ha, J. D. Kim, S. K. Kim, and J. Y.
Kong (1995), Isolation and Purification of Agarase from
Marine Microorganism (Pseudomonas sp. W7), The 3rd Aca-
demic Plaza in International Food Machinery Exhibition 95,
pp. 57, 70-71, Makuhari, Japan.

Kong, J. Y. and S. K. Bae (1996), WgEEMAEYIc & 5 #kek
BREMEER L) o) EE, The 4rd Academic Plaza in
International Food Machinery Exhibition ’96, p. 64, Maku-
hari, Japan.

Kong, J. Y, S. H. Hwang, B. ]. Kim, S. K. Bae, and J. K.
Kim (1997), Cloning and Expression of an agarase Gene
from a Marine Bacterium Pseudomonas sp. W7, Biotech.
Lett., 19(1), 23-26.

Lim, D. J, B. I. Kim, S. K. Bae, J. D. Kim, and J. Y.
Kong (1999), Immobilization of Agarase for the Agarooli-
gosaccharide Production, Kor. J. Appl. Microbiol. Biotechnol.,
27(3), 208-214

Hwang, S. H, S. D. Ha, B. J. Kim, H. J. Kim, and J. Y.
Kong (1999), Isolation and Its Optimal Culture Condition for
High Agarase-Producing Mutant, Kor. J. Biotechnol. Bioeng.,
14(3), 351-357.

Baumann, P, A. L. Fumiss, and J. V. Lee (1984), In
Bergey’s Manual of Systematic Bacteriology, 1-4, Williams
& Wilkins, Baltimore.

Somogyi, M. (1952), Notes on Sugar Determination, J. Biol.
Chem., 195, 19-23.



