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This study was conducted to investigate optimum conditions for the production of cellulose-degrading crude enzymes by an
isolated marine bacterium. A marine microorganism producing an extracellular cellulose-degrading enzyme was isolated from
the red seaweed, Grateloupia elliptica Holmes. The isolated bacterium was identified as Cellulophaga lytica by 16S ribosomal
RNA gene sequence analysis and physiological profiling and designated as Cellulophaga lytica PKA 1005. The optimum con-
ditions for the growth of Cellulophaga lytica PKA 1005 were pH 7, 2% NaCl, and 30°C with 36 h incubation time. To obtain the
crude enzyme, the culture medium of the strain was centrifuged for 30 min at 12,000 x g and 4°C, and the supernatant was
used as crude enzyme. The optimum conditions for the production of the cellulose-degrading crude enzyme were pH 8, 35°C,
8% carboxyl methyl cellulose, and 60 h reaction time.
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Cellulose= A A O] EA3t= 714 S5 &32 23 o]8317] Yol &3] He| ¢ 3
Yo g xrdo] B-1,4-glycosidic A O R ooz FA I tiF 35 WS SHstojof Fri[5].

Z AEA 9 oF 40%E AR 5= A EHA H];"E‘QQJ Fa 14 Cellulase= 3 a4 =Z A endoglucanase (EC 3.2.1.4),
A Eo|th[17, 18]. o] E Tt cellulosed E83}17] YA = exoglucanase (EC 3.2.1.91) ¥ PB-glucosidase (EC 3.2.1.21)
celluloseE 7hE3l151 o glucoseZ AT OEA Z-F 4 5 37HA] §8 Y A4 EE FAH o, o|& Al 7HA
Aol o] & = Qlth. I FollA Afra B3l AaF o83 Aot FAl EAT o A5EHEol oste] 2A4F dRa

HH2 B, 3eh Wl vl B2 A-E HA L Qe st anAHoeR EiE 4 9l 0”4 7149 B4= E4 o
2} Z+Z} CMCase, avicelase @ PNPGaseZ FH£3}7] = 3§t
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o] L ofehg AYAte] o] &=L QIth1, 7).

Cellulose 34 cellulase= FE A Eo] BH|sl= A
o] ALEEHR I glon, o= FFo] & Ao YA =
2 AR X Y= Aoz FAIA Tricoderma
harzianum FJ1 [10], Melanocarpus sp. [8], Penicillium
purpurogenum [12], Aspergillus terrus[15] & Paenibacillus
barcinonensis [3], Bacillus sp. [25]. Cellulomonas spp. [19] &
o we FZEZHE J# 3t cellulase A7} JPE L Q)
o} F3o]7 BH|Eh= cellulase= FAHd FGollA 2 &
d& Bol= whd, Alto] BABHE cellulases 34 e ¢
LA FYolA B2 E4E Hole 2= ¥8A Ao
13].

—

—

A AFE #FES FE ETG RSP £
Aol ol 851 =

28 FF7F tfFELH ol= @A
HA Yl cellulose7} 2 2E 2 EEA celluloseS o]-&
3t 97 gEoltt. 2y 22 U BEE A cellulosed]| =
hemicellulose, lignin, & pectin®] B4 & o]F 1 9lo]
cellulase T A 2jo] &Jsf Zaf a&o] HojZrt. Wi, 3
27 E S EAY lignind} 22 EFAE o] F2L UA
ok11 2 o-celluloseZ FAE 9] U= a-cellulose= T
A& AR AP S AL e AR A Q)
om[22], o]= 22 U £ cellulosed] H]3}o] T
of o5t Bal=7| 4 F+2E 7L Qo AR F &
celluloseE ©]-&3}7] Yt A7} =P =L L ot20], =
Yol A= ol=gt A+t7f mju]gt AA ol

olo] £ A1 A& ARF celluloseE ©]8317] gt 7]
ZAFEA E87F APFA xFY 9 -2 HEEH
cellulose &3 40| 43 nAES B 25}
cellulose &3 E4& AJAste n|YES HF AJ&=24 ¢
1 Z84AN9 cellulose B3] EAL FQlstaA}t 31T

B Ago]| A3t 7]AL carboxyl methyl cellulose
(Sigma Chemical Co., St. Louis, MO, USA)E A-&3}%2
™, WjX] & marine broth (MB, Difco, Detroit, MI, USA)
9 marine agar (MA, Difco)S AFE3t4Th.

Cellulose &3l O|4=2| 22|

Cellulose &3l B &2 FAF 3t
7 U I ¥ g AR e, B4E 2% NaCl
phosphate buffer (pH7.4)E o] &3} ¢ @ FfRFE 3
A3ttt A A MA vjR|of] £ =T 5, 30°Col|lA] 484
7t wjekstg o, A E colonyS EHolsty Fegoz ot

S ¥
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colonyE Algislgict. AglE #3F+= cellulose £3] 24
AL Yt #A B FHT carboxyl methyl cellulose
(CMO)E 1:12 EFete] 30°Col Al 24417t H} &, Bl
BT 9 e Z2H 07 cellulose B35S E2lstgr}. of
Z cellulose £350] £33 &Y colony= G7|4 8 B4
< (F)uIZ A (Seoul, Korea)o] <3t 16S rRNA
sequence analysisZ 2435} 16S rDNA §7|A 9L I35}
o] NCBI blastE 3 43t}

ANl

22| - SHE Cellulose 25l D|ME Mex71 S0l
cSAE g4 2 nBEY A pH, NaCl 5%,
3 2 ek A7 24 gQls] f8l, 4 2 A
o= g F, 600 nmo| A FFEE 23] WHE S5
£ 7)8 iR 2 AHEstE e, 72 10° cfu/ml
FE2 w7 5 mlg 100 WH HEstch pH Zel& 93]
MB HjA€ 0.1N 2 1N HCl#} 0.1 N 2 1 N NaOH=Z pH
2-1002 235t oH #F& HF F, 30°Col| A 24417k vj
ofstatt. 22 pHE 243 MB #j#) 9] NaCl 555 2-7%
2 2T T, 30°Co| A 247t viFste] NaCl 5= 24
Solsl gL, B3 2 pH 2 NaCl =2 A3 MB Hj
Ao #& JAE T, G 255 10-40°CE 22 sFL 244]
ZF et MY 2= 24% &84, 24 pH, NaCl
S U L AN F& T2A7H7HA] H ksl 22 wjoF

<)

Cellulose 235 ZsA0H =

2] - 5AHH cellulose E3lwS & AL 2HSE JF
Wk & YAEE7)(SUPRA 22K, Hanil Science Co.,
Seoul, Korea)Z 4°CoA] 12,000X g, 30 min A2 YAl

Besto] A3AS 2a4N02 39}

Cellulose 25| ZgAMo| EM &f0|

£ - 54 cellulose H3|7F O 2FE A2 cellulose £
Z2EAN9 27] pH, 2%, CMC 5% 9 wjoF A|7H &
< Felstgon, CMC £35S I= 4 g g3
et AE 24 H A (LVLTDV-II, Brookfield
Co., Middleboro, MA, USA)E ©]-&3}9] Stevens?} Levin
(2119 WL Faste] 25°Co A ZF 2 AMRE ZA 81}
UL Somogyi-NelsonH[16] 22 520 nmof| A EFF
(glucose) o2 ZAg AFRA o2 e FUY dFS =3
33tk 2 & pH =4S &91317] Y3 0.1 N ¥ 1 N HCl
7 0.1 N9 1 N NaOHE o] €3}9 pH 2-10714] 2435+
own, CMCS 28 4HE 1:1 T3 F 30°Co| A 24A]7F Hlf
oFstol ATt 2 pH 2o A L=& 10-40°CE &
Z5te] CMCYF 2HAN 1:1 TFES 2447 Wi & 2

A oox S
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A 2E 27¢ glstg e, & CMC $ES 9138}
3 1-11% H=2] CMCE pH 8 ¥ 35°C 27 A 2443
vjoFsle] Attt B3 A A7k 24L& gelsty] 93]
A pH, 2% 4 CMC B ZH 02 724 7H71A] wjoFs}
o Aystg.

SAXz|

A3 Axte] EA = SAS program (Statistical analytical
system V8.2, SAS Institute Inc., Cary, NC, USA)E o]-&
sl B4l 243 3 Ducand hEAAWOE p<0.05 &
TN FEE Y F94 ZolE AAsT

1]
2 g Ay

Cellulose BaiZo| 22| U =5

A 4 Aol A A8 B35 Grateloupia elliptica
o 3 F9 25 E FHHLE OE colonyE £25HE
o, cellulose £3f590] $43 TG colony= (Gt ZA
o] A 16S rRNA sequence analysisZ 16S rDNA 7|9 &

8913t 3 (Fig. 1), NCBI blastE F3to] 5435tk 1 A,
Cellulophaga lytica sp. IF016021(GenBank: AB032512.1)2}
99% FAM S Eglon, & AFolA &3t cellulose 3]
& Cellulophaga lytica PKA 100522 34T}

Cellulose 25172 X|x M =7

%7] pHE 200|A4] 107}7] BSHA|7|HA wfoket #39] A
% 54F% 373 Z3(Fig. 2A) pH 794 0.5058.2 7+
> S8 Ben, pH 5 o|5ket pH 9 ool A=
Ag-o] Aot AL &letgtt. o] Ait= Cellulophaga
Iytica LBH-14 [4] @57} pH 7.5 4 Z & cell growths
Helt= At fAe 2akE vetith s v E
9l C. lytica PKA 1005 @52} NaCl sx=9}2] &4 &
gotR 7] 93t NaCl g5 HIAI7|HA #59 S
=2 3015 Ax}(Fig. 2B) C. Iytica PKA 1005 #52] 79
NaCl 5% 2, 3 ¥ 4% A 27 F#= gho] 0.557, 0.530
9 0.52382 2 ASEAHE Bgon, 1 FoA 2% NaCl
oA F5Y Aol 71 EHEH L, 5% 0|4+ NaCl
SN E & A&l JAEE AL R ettt o= Y

E
=

1 GATGAACGCT AGCGGCAGGC TTAACACATG CAAGTCGAGG GGTAACAGAG
51 GAGCTTGCTT CTGCTGACGA CCGGCGCACG GGTGCGTAAC GCGTATACAA
101 TCTGCCTTNC ACTAAGGGAT AGCCCAGAGA AATTTGGATT AATACCTTAT
151 GGTTTATTAA GATGGCATCA TTTTAATAAT AAAGATTACG GTGTAAGATG
201 AGTATGCGTA CCATTAGTTT GTTGGTAAGG TAACGGCTTA CCAAGACTAC
251 GATGGTTAGG GGCCCTGAGA GGGGGATCCC CCACACTGGT ACTGAGACAC
301 GGACCAGACT CCTACGGGAG GCAGCAGTGA GGAATATTGG ACAATGGAGG
351 AGACTCTGAT CCAGCCATGC CGCGTGCAGG AAGACGGTCC TATGGATTGT
401 AAACTGCTTT TATACAGGAA GAATAAGGAC TACGTGTAGT CTGGTGACGG
451 TACTGTAAGA ATAAGGACCG GCTAACTCCG TGCCAGCAGC CGCGGTAATA
501 CGGAGGGTCC GAGCGTTATC CGGAATTATT GGGTTTAAAG GGTCCGTAGG
551 CGGG-CATTA AGTCAGGGGT GAAAGTTTGC AGCTCAACTG TAGAATTGCC
601 TTTGATACTG ATGGTCTTGA ATTATTGTGA AGTGGTTAGA ATATGTAGTG
651 TAGCGGTGAA ATGCATAGAT ATTACATAGA ATACCGATTG CGAAGGCAGA
701 TCACTAACAA TATATTGACG CTGATGGACG AAAGCGTGGG TAGCGAACAG
751 GATTAGATAC CCTGGTAGTC CACGCCGTAA ACGATGGATA CTAGCTGTGT
801 GGTTTTCGGA CTGCGCGGCC AAGCGAAAGT GATAAGTATC CCACCTGGGG
851 AGTACGTTCG CAAGAATGAA ACTCAAAGGA ATTGACGGGG GCCCGCACAA
901 GCGGTGGAGC ATGTGGTTTA ATTCGATGAT ACGCGAGGAA CCTTACCAGG
951 GCTTAAATGT AGATTGACAG GTTTAGAGAT AGACTTTCCT TCGGGCAATT
1001 TACAAGGTGC TGCATGGTTG TCGTCAGCTC GTGCCGTGAG GTGTCAGGTT
1051 AAGTCCTATA ACGAGCGCAA CCCCTGTTGT TAGTTACCAG CACATTATGG
1101 TGGGGACTCT AGCAAGACTG CCGGTGCAAA CCGTGAGGAA GGTGGGGATG
1151 ACGTCAAATC ATCACGGCCC TTACGTCCTG GGCCACACAC GTGCTACAAT
1201 GGTAGGTACA GAGAGCAGCC ACTTAGCGAT AAGGAGCGAA TCTATAAAAC
1251 CTATCACAGT TCGGATCGGA GTCTGCAACT CGACTCCGTG AAGCTGGAAT
1301 CGCTAGTAAT CGGATATCAG CCATGATCCG GTGAATACGT T-CCCGGGCC
1351 TTGTACACAC CGCCCGTCAA GCCATGG-AA GCTGGGGGTA CCTGAAGTTC
1401 GTCACCGCAA GGAGCGACCT AGGGTAAAACT

Fig. 1. 16S rDNA nucleotide sequence of Cellulophaga lytica PKA 1005.
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Fig. 2. Effect of culture conditions on growth of Cellulophaga Iytica PKA 1005. (A) pH, (B) NaCl concentration, (C) temperature,

(D) incubation time.

o HAES AS NaCl =71 3% W9 HejolA 24
ASES Beltkes Ao At e m[11], 5274
Ulva lactucaZF-¥ E2|8t Bacillus flexus [24]7} &
NaCl 5% 3.5% 4 =& 5845 2tk 249 &
AFSEGATE ol 2Rt A¥ 2 Ho} sfjofoA £T ndES
NaCl¥] ¥45= Q7 HoE of &S0l & AR A
252, & A 23 C. lytica PKA 1005 5
T NaCl 2% s=0lA Fd ASSEE Hol= A& Felst
ot

C. lytica PKA 1005 w+79] &7 v} =& g2lst7] 9]
591, 10-40°C| 20| A Hlj k3t 2 (Fig. 2C), 30°Co]l A]
054622 7MY 2 S-S Hlon, 1 0|99 oA
= Ao] gaste A eIkl o] A= Cytophaga
Iytica w+5-[6]2] 22227} 22-30°Cet= Aot &2 2
£ Ueth A 24 A G 2A00A WAt E
23t C. lytica PKA 10059 #4342 Q1% 4 3K (Fig.
2D) v 36A17t7HA] o8] A& =T 543 FbsE L

o|F #9 A% £=UF ZAFF o, 48A7F o] Fofl= #
A2l Aol Ao gyt webAl 36A17H XA wjFA| Tt
o =2 3lgrt.

C. lytica PKA 10059 &2 &2 A-L pH 7, 2% NaCl,
30°C & 36A|7HS] vk A Ao R e oH, C. lytica
PKA 1005= 34 2 52 Gl dizF vt cellulose
FlasE a840F YET 4 9IS AR Agdr).

Cellulose 23l ZS40| EH &0l

C. lytica PKA 1005 #-53=7} A= 28 A M 9] cellulose
ol &4 gelstr] s pH, &%, cellulose %= 9 4t
AT 2Este cellulose #3 24& S84t

ZFA9| pH E4L gelal7] 9Ja) 0.1 N HCLE 0.1N
NaOHE ©|-&s}o| 27] pHE 248} cellulose 23 4
= AHT 2T} (Table 1), pH 80f|4 ST o] 344.70 ug/
ml2 7F8 =9k, A%t 0.33 P2 714 Wit o] 2HE
pH 894 C. lytica PKA 1005 #57} A= 28 AN 9]
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Table 1. Effect of pH on CMC degrading activity of crude enzyme measured by reducing sugar assay and viscometry.

Viscosity (cP)

Reducing sugar (ug/ml)

Untreated™ Treated? Untreated Treated
pH 2 5.64 +0.01599 5.94 +0.0172 18.22 +2.32%a 18.61 + 1.22°f
pH 4 5.93+0.017¢ 1.53+0.018¢ 18.61+1.778 252.82 + 13.520
pH 6 6.80+0.017° 0.59 + 0.028¢ 18.84 +0.7752 298.89 + 2.08A
pH 7 7.04 £ 0.0172 0.35+0.018¢ 18.76 + 3.5282 316.66 + 8.33"P
pH 8 6.68 + 0.02"° 0.33+0.028¢ 18.30 + 1.638 344.70 + 16.76"2
pH 9 6.17 £ 0.01Ad 0.58 +0.018¢ 17.75 + 1.4482 310.74 + 1.22Rbc
pH 10 5.71+0.01/ 4.62+0.015° 17.88 + 0.92"2 18.30 + 3.45%f

DMixture of CMC and MB.
2Mixture of CMC and crude enzyme adjusted to pH 2-10.
3Means in the same row (A-B) and column (a-f) bearing different superscripts are significantly different (p < 0.05).
The untreated and treated samples were incubated at 30°C for 24 h.

Table 2. Effect of temperature on CMC degrading activity of crude enzyme measured by reducing sugar assay and viscometry.

Viscosity (cP)

Reducing sugar (ug/ml)

Untreated” Treated? Untreated Treated
10°C 7.55+0.01423) 1.11+£0.0152 17.36 + 0.6852 151.27 + 2.32/d
20°C 7.44+0.017° 0.44 £0.018° 18.92 +2.2182 265.09 + 4.75"¢
25°C 7.11+£0.01%° 0.43+0.01%° 18.06 + 1.4452 265.40 +6.08"°
30°C 6.68 + 0.01Ad 0.38+0.01%° 19.16 + 0.3352 273.38 +3.43%°
35°C 6.10+0.01%¢ 0.38£0.01%¢ 20.56 + 2.5452 363.82 + 4.64"°
40°C 5.59 + 0.014f 0.38+0.025¢ 18.56 + 1.3152 314.89 +5.53%

"Mixture of CMC and MB.
IMixture of CMC and crude enzyme adjusted to pH 8.

3Means in the same row (A-B) and column (a-f) bearing different superscripts are significantly different (p < 0.05).

The untreated and treated samples were incubated for 24 h.

cellulose ®3f B/o] 71 Hojd= sttt ol&dt 2
= Salinivibrio sp. NTU-05 [26]2} Bacillus halodurans
CAS 1 [2]0] Z+ZF pH 7.5 2 pH 9 FZo A cellulose &3
a0 ZAo] el et FARE Aoz Yelgen, Al
0] EH|5h= cellulase= F2 $4 oA 90l
A w2 A4S Ete Bt e AaE HETH14].
Z2aLNY 2o WE 5L st Yt pH 8
A 10-40°CE 25 25t 433t A3 (Table 2), 35°C
oA B4 33 363.82 ug/ml, =7} 0.38 cPE 713 =
2 A4S ety o). o]= Salinvibrio sp. NTU-05 [26]
9 Bacillus sp. H9-1 [27]°0] Z}ZF 35°C & 40°Co| A & &
cellulose 23l EAE H A= 234} FAMSE 2345 Vet
o 28y B9 2 B4 E28t Bacillus amyoliquefaciens
DL-3 [14] ¥ Trichoderma sp. C-4 [23]0] AJASF= cellulose
Eaflaso HH2m7t 242 50°C ¥ 55°Col| A & &4
< HolE AT AolstA gl &2et C. Iytica PKA

http://dx.doi.org/10.4014/kjmb.1311.11004

Table 3. Effect of CMC concentration on CMC degrading activ-
ity of crude enzyme measured by reducing sugar assay.

(Unit : pg/ml)
Untreated” Treated?
1% 2.51+1.045%) 21530 +2.25A
3% 2.75+0.67%  239.82+4.86"
5% 12.09 £ 1.848°¢  267.44 + 5.92/°
7% 13.82+2.055% 29534 +6.20%°
8% 16.94 £ 1.625%° 34312 +4.30"°
9% 18.72+2.665%°  289.20 + 545
1% 23.14+2.16%  290.78 +6.72"°

Mixture of CMC and MB.

2Mixture of CMC and crude enzyme adjusted to pH 8.
3Means in the same row (A-B) and column (a-d) bearing dif-
ferent superscripts are significantly different (p < 0.05).

The untreated and treated samples were incubated at 35°C
for 24 h.



Table 4. Effect of reaction time on CMC degrading activity of
crude enzyme measured by reducing sugar assay and vis-

cometry.
Viscosity Reducing sugar
(cP) (Unit : pg/ml)

3h 0.90 £0.113" 158.31+2.12f
6 h 0.65+0.02° 195.72 + 4.85°
12 h 0.51+0.01% 342.10+ 5.22¢
24 h 0.40 +0.02% 380.42 + 3.64°
36 h 0.21+0.04% 390.24 +2.53¢
48 h 0.13+0.01° 418.14 +1.86°
60 h 0.09 +0.01° 456.88 + 3.26°
72 h 0.08 +0.01° 454 17 + 4.48°

“"Means in the same column (a-f) bearing different super-
scripts are significantly different (p < 0.05).

The mixture of CMC and crude enzyme adjusted to pH 8.
The treated samples were incubated at 35°C.

1005 37} AARE cellulose B3 &42] FAJo] 35°CE ¥
= AL, Z7ro njAEo| AAlsts &7 9 zpolo 935ty
Aot B9 HHRETL Aol & Hol= ALE ARt

ZasN F 7|4 =5 FQlst7] 5t pH 8 ¥
35°C 2704 celluloseE £S5 1-11%2 Za|sto] AFF 2
I} (Table 3), cellulose ¥% 8% A A §HaFo] 343.12
ug/mle 2 7173 &2 cellulose £3 A4S et = AL
gelstgitt.

Z2a 2N A7t ME SRS 157 Hst pH
8, 35°C, cellulose H% 8%2] & ZANA A7+ &5t
of AFZE A1}(Table 4), 60X 7oA HE7F 0.09 cP & 3
A} §HeFo] 456.88 pg/mlo 2 o B3 FAL eI Y
o, o] Fo= UG gho] Fasho] 6047 A &4
270 = 33t oY AnE T & u, C. lytica
PKA 10050] JAtsl= 28 4M 2] A cellulose 3] 24
2 pH 8, 35°C, 8% CMC ¥ BH-AI7H 60A17FA-S 153

on, thE u|yEo] EH|F}= cellulose-degrading enzyme

Cellulose-degrading Enzyme from C. lytica PKA1005 23

EAL v]3 A|(Table 5), 32l C. lytica PKA1005 o5
7} 85°Col A A 225 7HA= Aol vlste] 4 mAE
Frell Ba7h 40-60°Col A HA2=S YAl glo] 54|
AEuT 2o LEoq A4 B4L Axne A4H o
FH Y o] & Al B2 2EoA HeE =T 5 Qlof &2
Ad Aoz ArdEHd.

2 o

FAF &7 ActolA #alE2 sj2FE A8k cellulose
o vAES B - S5k vAEY g2 ¢ nAE
o] AT £AAY cellulose #3] EAS &Ust¢th
Grateloupia ellipticaZ 5 € H&] 3t cellulose £+ 5
A%t A3, Cellulophaga lytica strainZ & om,
Cellulophaga lytica PKA 1005 W33}t C. lytica PKA
10059 HAPS =AL selst A3t pH 7, 2% NaCl, 30°C
9 i F 364 7ol A HABSEAA S FASH T B3 C.
Iytica PKA 10057} A A 3}+= cellulose 23 284+ pH 8§,
35°C, 8% CMC ¥ ¥h&- 60A7ol|A] HA LSS Hol=
A2 st
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