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Abstract
Isolation of ZPsewudoalteromornas agarovorars and

optimization of saccharification

Yu Lan Piao
Advisor : Prof. Byung Wook Jo
Dept of Chemical Engineering

Graduate School of Chosun University

To obtain the strain for effective saccharification of alginate, a number of
marine bacteria were isolated from seawater in Korea. Among ten strains, the
strain CHO-33 was selected, because it exhibited the high saccharification yield.
In order to identify the isolated strain CHO-33, the biochemical and
physiological characteristics were determined. The cell was round-shaped,
Gram-negative, motile, and strictly aerobic. Growth occurs in media containing
1-8% of NaCl and temperature ranging from 5-38°C. The strain CHO-33 could
utilize D-glucose, maltose, and D-mannitol but it does not utilize D-fructose,
mannose, sucrose, and glycogen. In addition, this strain was sensitivity to
carbenicillin, tetracycline, ampicillin, and streptomycin. In order to perform the
phylogenetic analysis, the 16s rDNA of the strain cho-33 was amplified by
PCR. The lengths of the almost complete 16 rDNA gene sequences of strain
CHO-33 was 1,439 bp. The 16s rDNA gene sequences of the related taxa were
obtained from GeneBank. Phylogenetic analysis based on 16S rDNA gene
sequences indicated that the strains CHO-33 is similar to the type strains of
belong to Aseudoalteromonas sp., indicating that the strain CHO-33 is member
of the genus Zseudoalteromonas The strain CHO-33 was found to form a

coherent cluster with the type strain of Zseudoalteromonas agarovorarns



(98.4%), P atlantica X82134 (97.3%), P espejiana X82143 (97.1%), P~
carrageenovora X82136 (96.8%), P. rtetraodonis X82139 (96.8%), L. issachentonii
AF316144 (95.0%), 2. wndima X&2/90 (96.7%), P. elvakovir AF082562 (98.3%), 2.
distincta AF082564 (98.1%), P rfaloplanitis X67024 (97.1%), P nigrifaciens
X82146 (97.6%), and 2. antartica X98336(94.3%). Therefore, the strain CHO-33
was determined to be Pseudoalteromonas agarovorans CHO-33, a taxon that is
physiologically, chemotaxonomically, and phylogenetically distinct from the
related strains.

Environmental factors effecting saccharification from alginate using
Pseudoalteromonas agarovorans CHO-33 were investigated in flask cultures.
The cell concentrations increased from 0.2 to 0.7 OD at 660 nm when the
algitation rate increased from 0 to 180 rpm. On the other hand, the maximum
concentration of sugar was obtained at 6.8 g/L after 3 days of culture at 15
rpm. After 2 days of preculture at 29C, the sugar concentration peaked at 9.55
g/L after 3 days of culture. When 30 g/L of NaCl was used, the maximum
concentration of sugar, 10.12 g/L, was obtained after 3 days of culture. Yeast
extract and peptone were the best nitrogen source for effective saccharification.
Especially, the sugar concentration was 10.8 g/L after 3 days of culture using a
mixture of 1.0 g/L of yeast extract and 1.0 g/L of peptone.

Under optimum conditions of culture and media using Zseudoalteromornas
agarovorarnrs CHO-33, scale-up for effective saccharification from alginate was
carried out in 5 L flasks. The cell concentration after 2 days of culture was 0.2
to 0.3 OD at 660 nm and showed no further increase after 3 day of culture.
The sugar concentrations from alginate were increased with increasing culture

time to 11.95 g/L after 2 days of culture. The rate of saccharification was 0.25
g sugar/hr, which was about 16.0 fold higher than that of .S ma/tophilia
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U FolAFE T Tty AFERE o]Fojxa qlom 53] ERFe

B2 frso]l v FHeketel rbeol AARldR: &6t dAY heFEolu

Zbe 7l nlFoE it EAEe] xRE A adE WXt FaL
HIo e MxzFE2FYH AgFEAZA = I AA (stamycin, apalsmomycin), 4%

Al (manoalide), A %A (cytokinin) %o A&z Az, FAE4d (KRN 700,

i

dolastin 10, Lu-103793, bryostsin, didemnin B, ectainascidin, squalamin), 9% %
] 8- 7 A4 (IPL-567, methopterosin), &4 (CNX-111) 52 432 E Fo 9

L 58] Axd dxie] dded HE

A G715 Ad F Aol T =, o5 9L 5 Fol ol
S AgHog T4 e wddsty SRS dAGSA A AATE 9L =
Aoz dHA k. EF ols HHF7F walE¥W  D-glucose, D-galactose,

D-xylose, L-rhamnose, L-arabinose, D—-glucuronic acid, D-galactronic acid ©]$]
of L-fructose, 6-methyl-D-galactoset} D-mannuronic acid, L-glucuronic acid<}
2 uronic acid & AA o 53] vAmel w9 A EAbolo = &4
(alginic acid) FF3 o] (fucoidan), @7ty g (laminaran) 59 &4 ddF= T
FEol gt &AL ZxFelM FiHEel AxEVIEeR of 20-30% AEE
D-mannuronic acid®} L-glucuronic acid’} WE-14 A3H 24 v o]y, EA}

20 32,0000 A 200,000 = ol T}, W3+ Lithospermum ervthorfizonl. 7 5-E
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59 AL UV-spectrophotometer (shimazu UV-160, Japan)S A}-&3}o]
660 nmol A2 O.D (optical density) #o 2 =4 &3t} o214 o2 HE H3
o HAE F Fo FE+= DNS (dinitrosalicylic acid)Z o] &3 99 A= W
o el st vl 1 mlE 5000 rpm o & 20min Bt YAl £ sto] A&
e 9 50 uLE DNSE9 2 mlell H7Fstal 10min & %< % 570 nmoll A &

= = =]
8 %439
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Aol Z3kE A wfAo] HFsto] 3-4
goA F5FE5 AFAst] FA Y &3l
T2 Fdsta Al A wiA ol vl g ths vA A

ol % #FE vAl HE agslE wbE 3y FAdE Fdcte s 2
T B ¥ TFFE= 30% glycerole #H7Fato]l -80TCeol W
T BAst AME vk WA S Table 19 wiAE o] &3le] 50 ml 4H7HE
ghaAo] AA wiAE 10 mly £ 121CelA 1583 157 g & A
L.0% Al HFake] 32TCoAANE wieF stk A wiFa e BaFd g

AN WA R R HFE g ow A3 FHekol HAufA o] HFs 2443 3
o A ARg et 1A ' i dE dFE A FaaA o] = sho] 3
AzE 32T A w e st F3 st 79 colonys e sho] thA] H A =]
of HEsto] 5UzF Wik & 53]o] AA Ao widete] e #FE 9 53
712 vl A= Table 1o 3= iAol 15% &3 (w/v)S H7Fe H3 214 v A
AbE A Th S wj A oA A" T T colony T 7T colonysE 1 W

[e]
o
of A Hstol vhAl HA Aol HFsto] IE wMiF AT = 2P shaking
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incubatorE ©o]&35lo] &%= 32T, WHFE == 100 rpm, 81A1 9 pHE 7-8& 4
e

F. o BAL 3 wEae] &

.

Table 1. Composition of medium for P. agarovorans

u) 2] A & % (g/L)
Alginate 05
Peptone 2.0
Yeast extract 0.2
K2HPO4 0.5
MgSOy - 7TH20 0.5
NaCl 10.0

3. ®eitFel $4

T TE FEA, g 2 AT 5A44E& XA F Bergey's manual of
systematic bacteriology 2} Methods in microbiology % Laboratory manual of
general bacteriology®l] F3dlo] 54 2 A}

1 FHsz 54

T A7ie dHe 17 ANt FgdAvAFow wF vk I &
g TFE A" #FEr] st FHHAARA (Transmission  electron
microscope, TEM)S ©]§ 3ttt FH A IS e A5 AAL 7
Ao g 7S 0.1 M phosphate buffer solution (PBS, pH 7.0)2 A}-&3}o] A # 3k
S dAE 35 stATh 1x AR dwWdS A7 7] Y] 25% glutaralde-
hyde solutione F7Fsto] 1A ok WX & UAEHE a1 PBSE dA4 &

AAedrt. 22 nAdow AL wAHAT]7

o
=
X

osmium jtetraoxide

solutions #H7Fg 5 1A &t WA e s dAEg il 50-100% YIS



At gate] dAHoRE AgERE AFREY FAE @A AU propylene oxide® X 3 &
< epone mixtureZ X"l ¥ epone blocks WEYA 1 ym= coating 1%
toluidine blue & @M 3to] #Z 3 % hexamethyl-disilazaneg F7}3 t}L 208

LA BAANNE Ax S 23] BEG F =5 dAS AA gd 29 sk

) el 2 AR 54

o 759 Aty EA oS ¢s] 16s rDNA sequence #4248 A A5}
t}. Genomic DNA extraction (for gram-positive bacteria)2 INTRON Co< A&
3tk F% PCR (35cycle)2 PCR premix (BioneerAl)9] A% & AF-8 33t}

g By wFFo AlEY xHPA A (cellular fatty acids profile) -4 Al 34t e]
AdzFE AYAS F28 5 vdol 283 AR ts 7t2azvEagyz &
A5k At

4.3 AH Mg 24

B9 75 (Pseudoalteromonas agarovorans)s ©)4ste] o2 RE &
4 TFstE Qe HA4 wig =21e 2] A& A omF AE R ", whk &
T,oiYges 58 HESAL.

5. 93 A7 WA 22

28 ¥ T (Pseudoalteromonas agarovorans)s ©|&3sto] &71rto 2 HE §
4 9J3E Yok mA HAHz=1e Z2r] fa 04 v, wiA] %7] pH, NaCls
T, 445U THE PR, FUNE FF R PR 58 HAE Y



6. Scale up

HA w2 A 21E o4t 2 L wiA 7t SR 5 L 9 FEhaAddA

scale up st}



1. #59 =4

I
o

o] 7o EeelA Reld sampled wAMAG F@ = R
5 colony® AT AL AAMA el st hA mAMAe] @

=
oAe wRee] o5 westel FeA, Ae 2 ABAE 542 24 s

=
ol
-

l‘-‘f’—z

D FeeE 54

TR 2 agarovorans® WENTA 5SS ##EE7] ] TEMO=
. TEM¥ Jejstd =4S Fig. 13 Table 2
2 54 wola, FEHAoRE Fe FEoW, &sAdol #HF HALH T3 =

1
21 = round form ©] 4t}

o} 21y, P agarovoranss

Fig. 1. Morphology of P. agarovorans, observed by using TEM
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Table 2 ANAME 2 agarovorans % 1-8%2] NaClollA v =™ w2 % 9
W o= 5-38C o™ maltose, D-mannitol, D-glucose® #<& 435 = Z4¢
A 9k D-fructose, mannose, sucrose, glycogen¥ 7o E3&&  E4alA ¢

=t

Table 2. Biochemical and physiological characteristics of strain CHO-33

Characteristics Strains CHO-33

Morphological:

Form Round
Gram staining Gram-negative
Flagela -

Pigmentation -

Growth at/in:

4T -

5-38 +

40C -

1-8% of NaCl +
pH range of growth 6-10

Nitrate reduction -
Utilization of:
Maltose +

D-glucose +
D-mannitol +
D-fructose -

Mannose -

Sucrose -

Glycogen -




2) A=l g Aststy 54

271. X] Eo]—)ﬂ: i"é

Aaete] AzAde #& EFetl 4 sted Fo3% AR w7l il
microbial identification system< AF&3to] w9 Ax7F AWAES F4 S
Aol Aukik 24 Ay Table 3 2tk 1 A3 11:0 20H7F 0.24%, 11:0 iso
30H7F 0.19%, 11:0 30H7F 1.11%, 13:0 anteiso”’} 0.05%, 12:0 iso 30H7} 0.75%,
14:0 iso 30H7} 0.11%, 13:0 20H7} 0.08%, 15:0 anteiso’} 0.18%, 15:1 w8c7}
1.59%, 16:0 7} 18.93%, 17:1 w8c”} 7.09%, 18:07} 0.47% % 2™, libraryE ©] &35}

249 FAMAE S B4 A 2 oagarovorans 9 98% AR S KAt

Table 3. Compositionof fatty acidsfrom P. agarovorans

Fatty acids Concentration (%)
11:0  20H 0.24
11:0 iso 30OH 0.19
11:0 30H 1.11
13:0 anteiso 0.05
12:0 iso 30H 0.75
14:0 iso 30H 0.11
13:0 20H 0.08
15:0 anteiso 0.18
15:1 w8c 1.59
16:00 18.93
17:1 w8c 7.09
18:00 0.47




L

T3t el ¢ FFE FEste]l & ATl AR G, v A AR
E AFHsY mAES Y3 F 16s rDNA sequencesE 3FSth. 16s rDNA
sequences A3+ Fig. 2 ¢ Table 4°] YeEFW T 16s rDNA sequences % A}
AL A A o] T o A% 1439 bpY AVIAES AAT dow o

“ A2 reference®t M1t similarity® e A3} T

o

il

Pseudoalteromonas agarovorans= 73 Q. AEEF+ Fig. 3o04 vE W4l
Y. Pseudoalteromonas agarovoransta w9 984%°9 FAIEES yEF UgoH
P atlantica X&2/54 (91.3%), P espeirana X82/74 (971.1%), P. carrageenovora
X&2756096.8%), P. tetraodonis X82139 (96.8%),P. issachenkonii AF57644 (95%),
P undina XS2/40 (96.7%),F. elvakovii AFOS2562 (98.3%),F. distincta AFOS2564
98.1%), 2~ Jaloplanktis X67074 (971%).P. nigrifaciens X&2776097.6%), 7.
antartica X953 (94.3%/)2 YEYWN o Pseudoalteromonas agarovorans?y 717}
+ woR FAHEHJdoW oI o] FFo FEH A witeH SAI e H
Aslsly EAS #4359 Bergey's manual of systematic bacteriology ¢}t
methods in microbiology % Laboratory manual of general bacteriologyel <] 3|
ads B w Pseudoalteromonas agarovorans® FAREYW  Pseudoalteromonas

agarovorans CHO-357°% Y35}
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1 GAGCATGGCG GAGCTACCAT GCAGTCGAGC GGTAACAGAG AGTAGCTTGC
51 TACTTTGCTG ACGAGCGGCG GACGGGTGAG TAATGCTTGG GAACATGCCT
101 TGAGGTGGGG GACAACAGTT GGAAACGACT GCTAATACCG CATAATGTCT
151 ACGGACCAAA GGGGGCTTCG GCTCTCGCCT TTAGATTGGC CCAAGTGGGA
201 TTAGCTAGTT GGTGAGGTAA TGGCTCACCA AGGCGACGAT CCCTAGCTGG
251 TTTGAGAGGA TGATCAGCCA CACTGGGACT GAGACACGGC CCAGACTCCT
301 ACGGGAGGCA GCAGTGGGGA ATATTGCACA ATGGGCGCAA GCCTGATGCA
351 GCCATGCCGC GTGTGTGAAG AAGGCCTTCG GGTTGTAAAG CACTTTCAGT
401 CAGGAGGAAA GGTTAGTAGT TAATACCTGC TAGCTGTGAC GTTACTGACA
451 GAAGAAGCAC CGGCTAACTC CGTGCCAGCA GCCGCGGTAA TACGGAGGGT
501 GCGAGCGTTA ATCGGAATTA CTGGGCGTAA AGCGTACGCA GGCGGTTTGT
551 TAAGCGAGAT GTGAAAGCCC CGGGCTCAAC CTGGGAACTG CATTTCGAAC
601 TGGCAAACTA GAGTGTGATA GAGGGTGGTA GAATTTCAGG TGTAGCGGTG
651 AAATGCGTAG AGATCTGAAG GAATACCGAT GGCGAAGGCA GCCACCTGGG
701 TCAACACTGA CGCTCATGTA CGAAAGCGTG GGGAGCAAAC AGGATTAGAT
751 ACCCTGGTAG TCCACGCCGT AAACGATGTC TACTAGAAGC TCGGAGCCTC
801 GGCTCTGTTT TTCAAAGCTA ACGCATTAAG TAGACCGCCT GGGGAGTACG
851 GCCGCAAGGT TAAAACTCAA ATGAATTGAC GGGGGCCCGC ACAAGCGGTG
901 GAGCATGTGG TTTAATTCGA TGCAACGCGA AGAACCTTAC CTACACTTGA
951 CATACAGAGA ACTTACCAGA GATGGTTTGG TGCCTTCGGG AACTCTGATA
001 CAGGTGCTGC ATGGCTGTCG TCAGCTCGTG TTGTGAGATG TTGGGTTAAG
051 TCCCGCAACG AGCGCAACCC CTATCCTTAG TTGCTAGCAG GTAATGCTGA
01 GAACTCTAAG GAGACTGCCG GTGATAAACC GGAGGAAGGT GGGGACGACG
51 TCAAGTCATC ATGGCCCTTA CGTGTAGGGC TACACACGTG CTACAATGGC
201 GCATACAGAG TGCTGCGAAC TCGCGAGAGT AAGCGAATCA CTTAAAGTGC
251 GTCGTAGTCC GGATTGGAGT CTGCAACTCG ACTCCATGAA GTCGGAATCG
301 CTAGTAATCG CGTATCAGAA TGACGCGGTG AATACGTTCC CGGGCCTTGT
351 ACACACCGCC CGTCACACCA TGGGAGTGGG TTGCTCCAGA AGTAGATAGT
401 CTAACCCTCG GGAGGACGTT ACCACGGAGG ATCAGGCG

Fig. 2. 16s rDNA gene sequence of the isolated strain CHO-33
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64 | Pseudoalteromonas atlantica X82134
37 Pseudoalteromonas espejiana X82143

37 |L cho-33

Pseudoalteromonas agarovorans AJ417594

Pseudoalteromonas carrageenovora X82136

il o Pseudoalteromonas tetraodonis X82139
9 Pseudoalteromonas issachenkonii AF316144
= Pseudoalteromonas undina X82140
75 Pseudoalteromonas elyakovii AF082562
77‘ Pseudoalteromonas distincta AF082564

Pseudoalteromonas haloplanktis X67024

Pseudoalteromonas nigrifaciens X82146

Pseudoalteromonas antartica X98336

| —
0.001

Fig. 3. Phylogenetic tree base on ITS sequences of strains CHO-33.

Table 4 Percentage 16 rDNA similarity between strain CHO-33 and

reference strains

(%) Sequence similarity
Species(Taxon) 1 2 3 4 5 6 7 8 9 10 11 12 13
1. Strain cho-33 1.000 [0.984 |0.973 |0.971 |0.968 |0.968 |0.950 |0.967 |0.983 |0.981 |0.972 |0.976 |0.943
2. P. agarovorans AJ417594 1.000 |0.979 |0.972 {0.974 |0.975 |0.953 |0.972 |0.997 |0.995 |0.981 |0.984 |0.952
3. P.atlantica X82134 1.000 |0.988 |0.992 |0.983 |0.936 |0.964 |0.978 {0.977 |0.975 |0.982 |0.934
4. P.espejiana X82143 1.000 {0.983 (0.978 {0.942 |0.965 |0.972 (0.970 |0.968 |0.976 |0.934
5. P.carrageenovora X82136 1.000 {0.981 |0.934 |0.965 |0.975 |0.974 |0.971 |0.979 |0.931
6. P.tetraodonis X82139 1.000 {0.943 |0.965 |0.976 |0.975 |0.972 |0.979 |0.936
7. P.issachenkonii AF316144 1.000 {0.944 |0.954 |0.952 (0.939 |0.941 |0.942
8. P.undina X82140 1.000 [0.972 |0.971 [0.972 |0.976 |0.938
9. P.elyakovii AF082562 1.000 {0.997 |0.983 |0.986 |0.954
10. P.distincta AF082564 1.000 {0.981 |0.985 |0.954
11. P.haloplanktis X67024 1.000 |0.986 |0.945
12. P.nigrifaciens X82146 1.000 |0.946
13. P.antartica X98336 1.000

_12_



2]
A wE ®stE A7) flske] wRkS X 0, 15, 60, 120, 180 rpmeolAl A3 S

shath Wiz ALS wix %27] pH 80, ¥+E% 0 rpm, 4% % 20%, A Hj
F AZE 24, £% 30CelA AEE 39 T A& FTh FTES A WA=
peptone 2 g/L, yeast extract 1 g/L, K:HPOs 1 g/L, MgSQO4 - TH-O 05 g/L,
NaCl 30 g/L& AF&3td 3, 93tE 3k 7] 20 x] e alginate 30 g/L, peptone
0.5 g/L, veast extract 1 g/L, NaCl 30 g/LS AF&3Itl. wk &%= W3}
ot #AANE, pH, B3 A= Fig. 49 deEpldoh w271 0-15
rpmell A v e w vk 1Y § FAFE=E 0.2-0.3 ODeso AT L2 ol vieF 2

ko3
A Fol Ao F7b A @adrh Tent 6004 120 pmoE FrbE A% @

AsEs 05014 0.6 ODgso= 57k skt pHE W 3EHFH wwt Sx7)
Sers vkt dXA A Eald F A9 wwk £X27F 60-120 rpmeol
Aol & A vl 29 F 59 g/Lo] o, vl 3d FHE FAE]
Al A skeh 2y wgk £ 527F 15 rpmell A YR A9 AR EHE F FES
W AL S7kek A T 7F dko] 3Y Foll AU AL, 6.8 g/Lo] Aot
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Cellconcentration

—e——  (pnm
(CEEEREEN 15rpm
7.4 5 —— v —— 60rpm
——A-—- 120r1pm
— - — 180rpm
7.2 A o\\
7.0 4
T .3
o
6.6 —
6.4
6.8 =
0.7 1
0.6
E 05 o
=
o
o
o 0.4 4
o
o
0.3
0.2 4
0.8
7 4
I
=)
= 5 1
2
S = 4
S =
- =
(5} 3 A
o
=
o 2 -
o
].A
0 T T T T

Culture time(hour)

Fig. 4 Effect of agitation rate on cell concentration, pH, and

saccharification in the culture of P. agarovorans
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AowjeF A A A ® G st 8% 84 T stubolth. A wf A
o) B3} F&S E&AOE 7] #s A vl AREE 1243, 24X 3F, 3641 3T,
RBAer AE d9gut. wlgx=as viA %7] pH 80, uwyt £% 15 rpm, §=
F 20%, =% 30CelA A¥S 39 <k A& s TS A WA A=
peptone 2 g/L, yeast extract 1 g/L, KoHPO, 1 g/L, MgSO, - 7TH20 0.5 g/L, NaCl
30 g/LE& AME3ta, g3 Y 7] EufA o alginate 30 g/L, peptone 0.5 g/L,
yeast extract 1 g/L, NaCl 30 g/L& AF&3td k. A wjef Alzboll ot w4144,
pH, @3} 9 Z¥+= Fig. 50 Wepideh A i<k Aztel] wep pHE vl 1Y
F5Y 397H4] 69-76 M. dAsES A owiF 2gelA wiF 19 F ODsgo
ghol 0372 Hu A FE2 YEET g0l A EalE T oY Ak
ARl M FAE FIFeE A FoF sk ey A vk AR 1ol A 2wl

Foll AT A4 MF 3¢ 5ol Aol YL, 95 g/Lo] oA
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MgerEes dA4 A4 2 Do) JaFE F= T2 24 F shvtolrh. Wik
o o3 g3tE T&A R 7] e w27, 29, 31, 33TColA 3d &<t
HE stk wieF 242 wix %27] pH 80, W& 15 rpm, A wjek AIzF 1Y,
HE F 20%0l A AdS A3 U F9 S A3 v A o= peptone 2 g/L, yeast
extract 1 g/L, KoHPO4 1 g/L, MgSOy - 7TH:0 0.5 g/L, NaCl 30 g/L& A3k 1L,
F3E 93 7] Euj Ao alginate 30 g/L, peptone 0.5 g/L, yeast extract 1 g/L,
NaCl 30 g/L& Ab&atdeh &% Wstel o3 #4487, pH, 939 A3= Fig. 6
of el viFxrt 27-31CY W #A7=% 9 1€ $  0.2-0.3 ODeso
Aok 2o 33CeA g & A dAFEE 3Y Fol= AH i
Tk pHE 27-33C WA wiedd wi= A v=stainh. dxlitel A Fafje 2
W A S 7ket SA FUFsl AT 53] 29Tl A wiekE AS- o A A, 955
g/Lo] dol Al

o|\
N
-l
o
=l
X0,
32
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Fig. 6. Effect of culture temperature on cell concentration, pH,

and saccharification in the culture of P. agarovorans
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MgSOs - 7TH.O 0.5 g/L, NaCl 30 g/LS AFg3tda, 93tE fgk 712 djA o
alginate 30 g/L, peptone 0.5 g/L, veast extract 1 g/L,, NaCl 30 g/L< A83}%
ool HE Wstel o9 F A, pH, BEe] A= Fig. 7ol WEbH S
o HF F 530 % WA HF T A$ pHe= EF M 19 F 80904
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Fig 7. Effect of inoculation volume on cell concentration, pH, and

saccharification in the culture of P. agarovorans
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%9 shuoltt. &Aoo mEYH HItE 4

20, 30, 40 g/L= ¥z} stWA 3¢9 <t HESAG. wd =12 A =7] pH
8.0, WHFEE 15 rpm, A WYk AIZF 1Y, MG E% 29C, HF &F 10 %ollA AHE&
A3y &k FHS 9 vjA o= peptone 2 g/, yeast extract 1 g/L, KsHPOy
1 g/L, MgSOs - 7TH:0 05 g/L, NaCl 30 g/L& AH§stda, 935 A 712 v~
o] peptone 0.5 g/L, veast extract 1 g/L, NaCl 30 g/L& Al&3gtt. &2k &
T Wsle] ofg A 44, pH, F3te Z¥= Fig. 8o YERUIATE &304 10-40
g/Le o4 A5 pHe wiF 1Y F 8004 65672 #ZAsAa, #jeF 29 &
B A WEketA Fokvh 2y aFolA EA F=7F 30 g/LY A= vl
% pHE 6282 714 AA A& A oA s=v 4% 10 g/LS Al9sta
vl F AIZE 3 7EA AlEste] ZaskAnh. St erRYH AL

s Tk A MY 1Y FHE S s ey d0AE 40 g/L ol At
A4 wiimel wiAl Al AV AAH. F3 & BY 30 g/Ls A
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2) Z3el WA= pHO 4%

HjoF v A o] %7] pHE #A A ¥FE F=
2 owjF wiA e %7] pH WS EFE 93E &
7,8, 9 102 W3t stWA 39 &<t HE sFdth wje & 5
HjoF AIZE 19, w2 % 29T, HEFF 10%0A 8-S st TS H
v 2] o] = peptone 2 g/L, yeast extract 1 g/L, KoHPO4 1 g/L, MgSO, - 7TH-O 0.5
g/L, NaCl 30 g/L& AFgstsla, 23t= 9k 71& wjXA o] alginate 30 g/L,
peptone 0.5 g/L, yeast extract 1 g/L, NaCl 30 g/L& AFg3stgtt. 9 =9 %7]
pH ®W3tol] g A A4, pH, @323+ 19 Fig. 9o Yeb Atk vi#] o] =
pH 109} 9ol A w3 74§ pHe wiF 19 F 884 7.73 7504 69 = 7
Zstda, meF 29 FRE A WstabA @okth wd x7] pH 7oA E 689
Al e 39 Fele 642 "ol PA R 1 WstyE A skt pH 604 = w1
d Fol= 6204 6302 Tt AAIRE wiF 22U Fol= 628 A HA WY
3d Fol= pH 719 dA stk #A4 w5 27] pH 6-9004 v & 45 i
F 2d7MA = vl A FIRek @A FTkeke] wilF 39 FHE= A9 F7F §HA
okt 2y x=7] pH 109 AF wMY 39 Fole Frlste Aoz vEyt
o EEH ALE e 27 pH Wskek #AQlel M FARE Sk A ST
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Effect of initial pH on cell concentration, pH, and

saccharification in the culture of 2. agarovorans
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£ W3} WA flaskell A 3¢ ¢ HES AW, F71 H 771 A
B e EH FEE AR Fltl CSL 1-3 g/L: peptone, 1-3 g/L: yeast extract,
1-3 g/L: malt extract, 1-3 g/L; ammonia sulfate, 1-3 g/L; urea, 1-3 g/L. W] %%
AL wHkEL 15 rpm, A WA 19, g 29T, HEF 10%0A4 23
AaPstget, TS YT v R o= peptone 2 g/L, yeast extract 0.1 g/L, KoHPO,
1 g/L, MgSOy - 7THO 0.5 g/L, NaCl 30 g/L& AF&3t9a, 235 g 7]2n)~
o] alginate 30 g/L, NaCl 30 g/L& At&3t9t 249 27 2 »5 Wsle 93
oA A%, pH, 3322 Table 50l YeEtW . w59 pHE urea 1 g/LS Af
48 A5 ik 3Y Fo 912014 661 FAATRa, wld 3Y Fole HAFA
erotrh. el urea 2-3g/L& AT A WY 271HE 915004 ZHAashr] AlA
sto] 739 6.87FA 727t st vk. 2y yeast extract?} peptone A= FE
oF ARl vl 1Y Fo] 7404 682 #AAsA, wiF 3Y Fol= 62704 7
28kt Malt extract™= Al F=9 #7glol pH 7.1991 4 wjek 1458 v 3
A7tA] 65-6.3 HY At T3 ammonium sulfate 2-3 g/L= A8 S 25 wioF 2
d Foll pH 7.079 A4 63574 Zrastgov Wi 39 FHEE 56-53 M

I3y ammonium sulfate 1 g/LS AF$& A% vk 39714 7.3 4 6.197}4]
¥

rlr

Haekdth. CSL 1-3 g/L& A8 4-¢ pH 760014 vl 397bA 6.37b4] 246t

Gt HAFEE yeast extract, peptone, CSL 5 %7} 1 g/LolA 3 g/L= Z7}g
A5 ek 197k 0.12-0.15901 4 0.4-0.6 ODeso 7FA Z7Fekar, vk 19 T H-H
= 2%k, 28y malt extract, ammonia sulfate, urea 2% Fxo A

o] wjek A 7|7F 0.1-0.3 HH AT, F71H A9 yeast extract, peptone, CSLE ©]
4% A% v 1 g/LollA 3 g/L2 7 & AF XN orNH Zid T
vl ok 3U7bR FA3F ZF718F9 3, yeast extract®t peptoneco] Htul Ayl Aol A
ANS H2ES7] ¢33 peptone 2 g/L¥ yeast extract 1 g/L, peptone

oo
ol
gt
i)
-

g/L¢} yeast extract 1.5 g/L, peptone 1 g/L¥} yeast extract 2 g/L& A& 3}
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Lo 76-77 HYAAG. dATEE T

bol wjor 591

7} 3]

=
o

skt 18y peptone 2 g/L9} yeast
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105 g/L it

B

extract 2 g/L& ETAME
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Table 5. Effet of nitrogen sources on cell concentration, pH, and

saccharification
Nitrogen sources sugar concentration (g/L)
Peptone 1 g/L 94
Peptone 2 g/L 10.3
Peptone 3 g/L 95
Yeast extract 1 g/L 99
Yeast extract 2 g/L 10.7
Yeast extract 3 g/L 95
CSL 1 g/L 85
CSL 2 g/L 9.8
CSL 3 g/L 8.3
Malt extract 1 g/L 8.4
Malt extract 2 g/L 55
Malt extract 3 g/L 46
Urea 1 g/L 5.6
Urea 2 g/L 4.8
Urea 3 g/L 34
Ammonium sulfate 1 g/L 95
Ammonium sulfate 2 g/L 9.0
Ammonium sulfate 3 g/L 9.9
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Ao ZHY GstE §&XOFE 7] 93, NaCl #%& 0, 10, 20, 30, 40, 50
ot HESAY wMiYgxzE wHkEE 15 rpm,

A wpEAIE 1Y, g% 29T, HF F 10 %elA AdE A9 sk TS
92l v A o == peptone 2 g/L, veast extract 1 g/L, KoHPO, 1 g/L, MgSOy » TH-0
0.5 g/L, NaCl 30 g/L< Ab&3tda, F3tE g 7] v alginate 30 g/L,
peptone 1 g/L, yeast extract 2 g/L& AF&359 0. NaCl s sto] o3 A4
4, pH, F32 3= 1§ Fig. 1001 Yebodvh. =2 pHe NaCl s 10 g/L
S AT A g 19 F 7402 pBAaEA 39 A ALse] gasd. 1
A 20-50 g/L& AMEE v MY 19F 682 Yewow wjek 2dFF
2t S7tghel wel pH7F Ak ATh o

+ NaCl el F7Fgtel wet 57F skaivh. NaCl &% 10-40 g/L& A8 4
G wA s=s g 297bA] 02-03 ODeso & 7Fetth7E vl F 3L el A ZHaskl ov
50 g/L& AFE &9S W wlYF 3U Fol= 04 ODessoll Al Al&ste] F71sk Tt

FH Eeld 9ste v 39714 5438 Srrek A, 30 g/l

A ekt 2l AN TRt

fr ﬁ L
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5) &l MAl= Frlw 7 % v 9F

oY F3tE &4 ow st 9@, KbHPO, w%E 0. 05 1.0, 2.0,
gS0,4 - TH20 0, 0.3, 1.0 2.0, 3.0 g/L= 7tz ®Wst Al7]W|A] flaskel A

0
sttt WA wHkEE 15 rpm, A wFAIZE 1Y, SR E 2

HE :

9C, A% & 10 %olA 2¥S APstAet. TS $13 v o= peptone 2 g/L,
yeast extract 1 g/L, KoHPO4 1 g/L, MgSO, - 7TH-O 0.5 g/L, NaCl 30 g/L& A&
st a, 23S 93 7] E wiA o alginate 30 g/L, peptone 1 g/L., yeast extract
2g/L, NaCl 30 g/L& Ab&3tdth. KoHPOs % MgSOs - 7TH09 w5 ®ste] o
@A A4, pH, B84 Fig. 119 Fig. 12¢] vepdodeh. KoHPO, 0.5-1.0 g/L
AHE Al pH B Al F=E A9 wiskdvh ey 05 g/Lek 1.0 g/LalA ek
7k 7} 10.43 g/L<F 10.81 g/LA k. MgSO, - 7TH,O 74§+ 0.3 g/L
S o] &% uf AAHE T FEFS 11.05 g/LA
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Fig. 11. Effect of K:HPQ; concentration on cell concentration, pH,

and saccharification in the culture of £P. agarovorans
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Fig 12. Effect of MgSOs- 7H20 concentration on cell concentration,

pH, and saccharification in the culture of P. agarovorans
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4. Scale up

HHoo]:iZj_% EH]’Q‘E 15 rpm, ﬁ HH %“]Zl 2031, HHoo]:%

H

29T, A% 10%E ©l
4 st Z3E e 7 w7 2 L B e 5L FEaIAoA AES 1Y
stk ES Y3 vl A ol= peptone 2 g/L, veast extract 2 g/L, KoHPO4 0.1
g/ MgSOy4 - 7TH:0 05 g/L, NaCl 30 g/L& A&k, 93ts 9 7]& v~
o] = alginate 30 g/L, peptone 2 g/L, yeast extract 2 g/L, NaCl 30 g/L, KoHPOu
1 g/L, MgSO, - TH:O 0.3 g/L& A& QY. 2 agarovorans & S maltophilia
Scale up A3 = Fig. 139 YeL WA S maltophilia 752 pHE Bl % 7] ol A
ok 2d7b#] 7.3-759 WA, MY 3 F 7002 ARG WS 4U F
oFZ F7Fsto] Wik 59 FoF 72-73 WHAR A HAGY dA == Y 3¢7
A]0.45 ODggo7t Al T 7Fsto] i eF 119 Fol+= S7kstAl eFkvh. o] A3+ 500 ml
flask A3}oll wlslo] oFzk vre Fo|th &xlsto R HE FalE T w g Azt
7kt @A FUkste] AleF 9Y ¥ 5.2 g/Lo]l dojM . o] A3 small flaskol Al
o AxHt ok A F Aoltl. £ agarovorans F 9 pHE woF Z7]o A wj
F 3U7HA 74-6.89 HAJAL, wiF 3UTA FasAT. HA wRE ¢ 297t
#] 045 ODeso7t Al S 7Fake] wl¢F 3d Fol= ZAskdth. o] A= 500 ml flask
Az}o| nlslo] oF7F W2 Frolt &It 2 RE EalE 9wl A F7he
S F7kste] wieF 296l 11.95 g/Lo] dojxth. o] A= small flaskol| A ¢ 4
R 3k F7He Aolth. Fig. 13014 vekd A3 2ol 2 agarovorans ¢+ S
maltophilia 3+59 B3IVE&S B L2 aoarovorans WF7V S maltophiliast T 2
Hoh E&o] of 16Wiy =2 Ao = e Yt

-
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Scale up for effective saccharification from alginate in the

culture of P. agarovorans and S maltophilia
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NaCl %% 30 g/L& AF83 A9 d7xozRy Zajg 9o H»e= wjok 397t
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7oA v F 297bA] 7.3-759 HH AL, vl 3U F= 700® A
stk W 49 F ok Frhstel WF 5U B 72-73 WA #4 AU F

AT i 397b4 045 ODeso”b Al 7Fske] vl 119 o= S7kshA ek

ol o] A3= 500 ml flask A ¥l vlslo] oFzt ©E FEojt &It o = RE &
e B ik AR Srkek @ Sobskel vk 99§ 52 g/Lol oAtk o

A= small flaskol A9 ARy F7F T 4ad Aol 2 agarovorans T2
pHE #l¢F Z7]oA 8l 3474 74-6.89 WA, vl 397bA FAast .
A = v 29744 045 ODeso7t A <7 A Fole= Aaddv
A= 500 ml flask 2 3o H]sFo] k3t
T M AR Sk @A Frksko]l i gF 29l 11.95 g/Lo] @olHth o] A
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