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The identification of eﬁiphytic bacteria on seaweed and effects of microbial
products on algal growt
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The predominant bacterium obtained from the unialgal culture strain of the red
alga Gracilariopsis chorda was suggested to be an undescribed taxon assigned to the family
Flavobacteriaceae based on the 16S ribosomal RNA gene sequences. On the other hand, the results of
morphological and phenotypic classification suggest that the predominant bacteria may belong to the
family Flavobacteriaceae. Both results of morphological and phenotypic classification and genetic assay
were similar. Algal culture experiment with medium containing indole-3-acetic acid (IAA) was carried out,
because some Flavobacteriaceae bacteria are known to produce an auxin, IAA. A simple rapid technique in
normal phase partition chromatography for monosaccharide and disaccharide analysis in edible seaweeds was
developed. Algal components were measured by HPLC, GC-MS, and LC-MS. A bacterial product, IAA accelerated
algal growth rate, and changed algal amino acid and saccharide compositions.



o

1kg

0.12g

@

®

o

@

o

Lyman &
Fleming(1940)

pH  pH7.8
1000mL
20mL
8
20g
25L
18 14 10
60mol m?s 8
5mm
800mL
1000mL 6
60
18 14 10
40mol m%s™t
2
1000mL
0.79 0.05¢g
@
59 2.5%
45mL
1
2.5%
10
0.1mL
20 Marine agar
MB2216 agar
14 10 100
1 Marine agar
DNA
1988
®
3cm
18 14
10 40mol m?s
800mL 1000mL



18 14 10

60mol m?s™
©)
5g 2.5%
45mL
1
2.5%
10
0.1mL 20
Marine agar MB2216
agar 14
10 100
1
Marine agar
DNA
)
1988
5) 16S rRNA
8
DNA
ImL  PCR

UGC1-1 UGC1-2
UGC1-3 UGC1-4 UGC1-5 UGC1-6 UGC1-7
UGC1-8 16S rRNA MicroSEQ
500 16S rDNA PCR kit PCR
DNA

16S rRNA BLASTN

16S rRNA
®

DDBJ

HPLC

TSKgel NH,-100
TSKgel Amide-80

)

Flavobacteriaceae
indole-3-acetic acid
1AA

1AA
Indole-3-acetic acid
HPLC
HPLC GC-MS LC-MS
1AA 1AA
@
1
Epiphytic bacterial flora in seawater and on G. chorda.
Bacteria Viable counts
Seawater Moraxella sp. Predominant |1.1X 105(92%)
(March) Vibrio sp. 6.0 X 10°( 5.0%)
Vibrio sp. 4.0X103( 3.3%)
Natural Vibrio sp. Predominant |3.0 X 106 (46%)
algae (March) | Other 6 type bacteria 3.5%106(54%)
Natural Moraxella sp. Predominant |5.0 X 105(39%)
algae Vibrio sp. 4.6 X 105 (35%)
(June) Other 6 type bacteria 3.4 X10526%)

We infer that G. chorda was difficult to remove the bacteria
originating from the environmental seawater (e.g. Vibrio sp.).
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Epiphytic bacterial flora on the cultured G. chorda.

Bacteria Viable counts
Cultured Flavobacterium - Cytophaga sp.|2.0 X 107 (37%)
algae Other 7 types bacteria 3.1%x107(57%)
(March) 7000 sp. 3.0 % 105( 5.6%)
Cultured Flavobacterium - Cytophaga sp.|1.0 X 107 (29%)
algae Other 8 types bacteria 2.2 %107 (65%)
(June) Vibrio sp. 2.0 X108 ( 5.9%)
Stock Flavobacterium - Cytophaga sp.| 1.1 X 107 (40.7%)

algae Other 4 types bacteria 1.6 X 107 (59.3%)

Vibrio sp. <1.0 X 102 (<0.1%)

[Flavobacterium — Cytophaga sp. seems to be an inhabitant.
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‘ BB A M D HE R 4R R K R 1(16S rRNA gene sequence)

Isolate | Bacterial strain RN | BE-EBFORE
GC1 | Flavobacteriaceae,Ascidianbacter 93.2% | Flavobacterium sp. —
/472bp | aurantiacus 051JR46-1 [AB377123] Cytophaga sp.
Flavobacteriaceae, Croceitalea 93.1%
eckloniae JCM13827" [DQ191183]

GC2 | Alphaproteobacteria, 99.5% | Moraxella sp.

/438bp Rhodobacteriales, Rhodobacteriaceae, (Gammaproteobacteria,
Ruegeria halocynthiae KCTC23463T Pseudomonadales,
[HQ852038] Moraxellaceae )
Ruegeria conchae JCM173157 98.8%

[HQ171439]

GC3 | Alphaproteobacteria, 97.2% | Moraxella sp.

/428bp Rhodobacteriales, Rhodobacteriaceae, (Gammaproteobacteria,
Roseovarius sediminilitoris KCTC Pseudomonadales,
239597 [JQ739459] Moraxellaceae )
Rhodot iaceae, Oc bacter 97.2%
insulare NBRC 102018 [AB681665]

‘ BB A M D 1E R 4R R & R 2 (16S rRNA gene sequence)

Isolate | Bacterial strain HEY | Rk EEPRE

GC4 | Alphaproteobacteria, 99.3% | Moraxella sp.

/427bp | Rhodobacteriales, Rhodob iaceae, (G ia,
Litoreibacter janthinus JCM 164947 Pseudomonadales,
[AB518880] Moraxellaceae )
Litoreibacter albidus JCM16493T 97.9%

[AB518881]

GC5 | Flavobacteriaceae,Zobellia russellii 99.8% | Flavobacterium sp. —

/451bp | KMM 36777 [AB121976] Cytophaga sp.
Zobellia amurskyensis KMM 35267 98.2%

[AB121974]

GC6 | Gammaprobacteria, Alter Jal 99.1% | F sp.

/463bp | Alter l Marinob (Pseudomonadales,
salarius JCM 193997 [CP0071152] Pseudomonadacea)
Marinobacter algicola DSM 16394 98.7%

[AY258110]
Marine agar
UGC1-1 Marine
agar
63% UGC1-1 Marine agar
2mm

‘ﬁiﬁﬂi%@*ﬂﬁlﬂiﬁﬁﬁ%ﬁms rRNA gene sequence) |
Isolate | Bacterialstrain AR | - EEWPORE
GC7 | Gammaprobacteria, Chromatiales, 97.9 |Alcaligenessp.

/428bp | Granulosicoccaceae, (Betaproteobacteria,
Granulosicoccus antarcticus KCCM Burkholderiales,
42676 [EF495228] Alcaligenaceae)
Granulosicoccus coccoides KMM 97.9
60147 [FJ535355]
GC8 | Alphaprobacteria, Rhodobacteriales, 99.8 | Alcaligenessp.
/463bp | Rhodobacteriaceae, (Betaproteobacteria,
Labrenziaaggregata ATCC 256507 Burkholderiales,
[D88520] Alcaligenaceae)
Labrenziaalba CIP 1084027 98.8
[AJ878875]
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UGC1-1 Flavobacterium sp.-Cytophaga
Sp- 16S rRNA
UGC1-1 Ascidianbacter aurantiacus
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93.2%
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1994
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Ascidianbacter aurantiacus
93.2% Croceitalea

eckloniae(Flabovacteriaceae Croceitalea)
93.1% Muricauda aquimarina
Flavobacteriaceae Muricauda
92._9% UGC1-1 3
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‘The effects of bacterial products on algal growth
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The effects of bacterial products on algal components
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amino acid and saccharide compositions.

LA bacterial product (e.g. indole-3-acetic acid) changed algal

3
Hirotaka Kakita, Hideki Obika, Normal
phase partition chromatography for
monosaccharide and disaccharide
analysis in three kinds of green laver
powder. Algal Resources 8
2015 113 120
Hirotaka Kakita, Hideki Obika, Hiroshi
Kamishima, Cultivable epiphytic
bacteria obtained from the unialgal
culture strain of the red alga
Gracilariopsis chorda (Holmes) Ohmi
collected from the estuary of Katsuura
River in Tokushima Prefecture in
southwest Japan. Algal Resources
7 2014 95 106

Hirotaka Kakita, Hideki Obika, Hiroshi
Kamishima, Bacteria attached to the
red alga CGracilariopsis chorda




(Holmes) Ohmi. Algal Resources

6 2013 73 80
14
38
88 2015
12 2
2015
43 2015 9 18

Hirotaka Kakita, Hideki Obika, Yoshio
Okuyama, Yoshiaki Takahashi, Algal
biofilters for purifying fish farm

wastewater, Water and Environmental
Technology Conference 2015 (WET
2015),2015 8 5
42
2015 6 13
14
2015 5
16
HPLC
2015 2015 3
27
41 2015 1 24
63 2014 9
19
Hirotaka Kakita, Hiroshi Kamishima, A
mitogenetic polysaccharide
hemagglutinin from the red alga

Gracilariopsis chorda (Holmes) Ohmi.
5% Congress of the International
Society for Applied Phycology 2014
(ISAP 2014), 2014 6 25

Hirotaka Kakita, Hideki Obika, Hiroshi
Kamishima, Interaction between the red
alga Gracilariopsis chorda (Holmes)
Ohmi and its environmental
microorganisms. 5% Congress of the
International Society for Applied
Phycology 2014 (ISAP 2014), 2014 6
24

Hirotaka Kakita, Hideki Obika, Youji
Makita, Akinari Sonoda, Peoperties of
calcium alginate gels prepared from
various types of algal sodium alginate.
5% Congress of the International
Society for Applied Phycology 2014
(ISAP 2014), 2014 6 23

13
2014 5 31
38 2014 1
25
2013 9 6
1
2013 224 231

https://unit.aist.go.jp/hri/group/2015

en-4/index.html

¢y

KAKITA HIROTAKA

40356754



