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miee, ko BBRAZARESENH A 24.72%. 23.92%F= 12.93%. i 1 & & (Phycocyanin, PC)
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Abstract: [Background] With the increase of CO, emissions and global temperatures, thermophilic
cyanobacteria are considered as a promising group of organisms to convert CO; into useful chemicals
and biofuels at 45 °C or above. [Objective] This paper describes isolation and identification of
thermophilic cyanobacteria collected from Huizhou area, and describes growth characteristics of two
strains belonging to the family Leptolyngbyaceae to provide the basis for their subsequent application.
[Methods] 16S rRNA gene and phycocyanin alpha chain (PhycoA) gene sequences were used in
phylogenetic analysis to determine the taxonomical position of isolates from Huizhou area. Two strains
PKUAC-GDTS1-24 and PKUAC-GDTS1-29 were observed morphologically and analyzed for major
cellular components (ash, carbohydrate, lipid, protein and pigment). [Results] Twelve strains of
thermophilic cyanobacteria were isolated, of which PKUAC-GDTS1-24 and PKUAC-GDTS1-29 were
morphologically blue-green globular trichomes. Cells forming trichome formed dense clusters, that
mostly attached to each other. Cellular contents of: ash, lipids, and protein were estimated to be 24.41%,
21.40%, 26.64%, respectively in PKUAC-GDTS1-24 strain. Carbohydrates were the major component
of the strain at 36.42%. In another strain, PKUAC-GDTS1-29, the cellular contents of: ash, lipids, and
protein contents were estimated to be 24.72%, 23.92%, 12.93%, respectively. The carbohydrates once
again were the most abundant component with 28.46%. The contents of phycocyanin (PC) in
PKUAC-GDTS1-24 and PKUAC-GDTS1-29 were 157.29 and 374.86 mg/g dry weight respectively, and
the carotenoids were 65.13 and 18.87 mg/g dry weight, respectively. [Conclusion] Based on the
phylogeny, PKUAC-GDTS1-24 and PKUAC-GDTSI1-29 belong to the family Leptolyngbyaceae and
cluster with many poorly described isolates. These isolates may be a potentially novel phylotype or a
new genus of filamentous mildly thermophilic cyanobacteria that are present in the hot springs of
Guangdong and Sichuan. The morphological features and cellular composition of both thermophilic
Leptolynbya-like strains were similar. To our best knowledge, the two strains are the highest
phycobiliprotein producers described to date from this cyanobacterial family, which could be used as
potential strains for phycocyanin production, especially PKUAC-GDTS1-29.

Keywords: Thermophilic cyanobacteria, Leptolyngbya, Identification, Cellular components
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Leptolyngbya frigida ANT.L53B.2 (AY493576)
Leptolyngbya sp. Greenland 10 (DQ431005)
PKUAC-SCTE412 (MF405409)
Leptolyngbya sp. Greenland 9 (DQ431004)
PKUAC-SCTA121 (MF405378)
Leptolyngbya tenerrima UTCC 77 (AF218368)
100 Leptolyngbya sp. NIES-2104 (NZ_BBWW01000001.1)
97 Leptolyngbya sp. NIES-3755 (NZ_AP017308.1)
M —— Stanieria cyanosphaera PCC7437 (AF132931)
67 | PKUAC-GDTS1-17 (MG822739)
PKUAC-GDTS1-6 (MG822738)
100 PKUAC-GDTS1-13 (MG822744)
PKUAC-GDTS1-4 (MG822737)
51| Gloeocapsa sp. PCC7428 (CP003646.1)
= PKUAC-GDTS1-1 (MG822735)
PKUAC-GDTS1-3 (MG822736)
Synechococcus elongatus PCC7942 (NC_007604.1)
100 ~ Synechococcus lividus C1 (AF132772)
4'; Thermosynechococcus sp. NK55 (CP006735)

921 Thermosynechococcus elongatus BP1 (BA000039)
Synechococcus sp. JA-3-3Ab (AY884052)
W‘— Gloeobacter violaceus PCC7421 (AF132790)

Leptolyngbya sp.CCAP 1442/1 (HE975019)
Leptolyngbya sp. BL0902 (JN376076)

68 L 100 Leptolyngbya antarctica ANT.LAC.1 (AY493588)
Leptolyngbya sp. KIOST-1(JX401929)
69 Nodosilinea nodulosa UTEX 2910 (EF122600) #

81l Nodosilinea nodulosa PCC7104 (AB039012) #
Leptolyngbya scottii EcFYyyy 00 (KC463191)
~{ PKUAC-SCTB343 (MF405392)
PKUAC-SCTB412 (MF405393)
0 PKUAC-SCTB123 (MF405385) Number of sites: 1 376
0;)2 PKUAC-SCTBI31 (MF405387) Log-likelihood: ~10 421.285 88
PKUAC-SCTB231 (MF405391) Gamma shape: 0.520

Thermoleptolyngbya laminosa ETS-08 (FM210757) # . . .
1‘00[( PKUAC?SCJnglZ] (MF405399) ( ) Proportion of invariant: 0.507
711 Thermoleptolyngbya sp. O-77 (AB668059) # GTR relative rate parameters:
S Leptolyngbya frigida ANT.L52.2 (AY493575) A <—>C: 0.845 26; A <—> G: 2.543 13;
Leptolyngbya sp. Greenland 7 (DQ431002) A <—>T: 1.367 86; C <—> G: 0.674 35;
Leptolyngbya sp. RV74 (KP681566) ST . ST
30 PKUAC-GDTS1-29 (MG822734) ; = 1> 3;14'0;6 12,6 <. > 1: 1.000.00
87 PKUAC-SCTA171 (MF405380) ucleotides Irequencies:
PKUAC-GDTS1-28 (MG822732) f(A): 0.246 02; f(C): 0.234 63;
71| 60| PKUAC-SCTA141 (MF405379) f(G): 0.32374; f(T): 0.19561
PKUAC-GDTS1-25 (MG822741)
PKUAC-GDTS1-24 (MG822743) 0.05
Tool PKUAC-GDTS1-27 (MG822742) —
L PKUAC-SCTA174 (MF405381)

L—— PKUAC-GDTSI1-11 (MG822740)
Cyanidium caldarium 14-1-1 (X52985)

1 ET 16S rRNA 2E FHIH R G R E R
Figure 1 Phylogenetic tree of 16S rRNA gene sequences

TE: JET 16S rRNA JERFAIRY R MR RGEL W, A& 37 DM SH HRAIEF A PR BURIE R 741, 12 2% A EH 0L
I PCR ¥ 8RR, 1 AIMEEERE Cyanidium caldarium (16S rRNA JER A M-SR ELRI4H). HLOAR A TR S 510 AR STRIF S AT RR
5 HT SR RT A #E NCBL 8 35, 4332 5 1 B4R Bootstrap {H>50% (1 000 MEESEEZH), IR IR b2 R, 5]
S E R AT REA AIRE IR, P # IR IR T BT 3 2 sl SRR O Y 3 2R A S5 R T 2.

Note: The maximum likelihood phylogenetic trees of 16S rRNA gene sequences representing thirty seven cyanobacterial reference strains
(gene sequences extracted from genomes), twelve isolates from Huizhou (successful PCR amplification), China, and an outgroup strain
Cyanidium caldarium (16S rRNA gene from chloroplast genome). Strain No. in bold represent strains isolated in this study. The number in
parentheses is the accession number of the strain sequence at NCBI. Bootstrap values >50% (1 000 nonparametric replications) are indicated
at nodes. Scale bar indicates estimated substitutions per site. Strains in “quotation marks” are likely to have a genus name that is uncertain.
Strains marked with # have either been recently reclassified or are proposed to be reclassified based on recent taxonomic findings.
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r PKRUAC-GDTS1-13 (MG822744)

50
PKUAC-GDTS1-17 (MG822739)

Number of sites: 485

Log-likelihood: —3 040.113 83
Gamma shape: 1.541

9 | PKUAC-GDTSI-3 (MG822736)

- Gloeocapsa sp. PCC7428 (CP003646.1)
Proportion of invariant: 0.359

52 | PKUAC-GDTSI1-1 (MG822735)

GTR relative rate parameters:

A <—>C:0.796 25; A <—> G: 1.428 70;
A <—>T:1.09268; C <—>G:0.814 97;

| PKUAC-GDTS1-25 (MG822741) C <—>T:3.471 53; G <=>T: 1.000 00

{ PKUAC-GDTS1-27 (MG822742)

63 | PKUAC-GDTS1-6 (MG822738)

Nucleotides frequencies:
f(A): 0.259 59; f(C): 0.265 36;
f(G): 0.245 05; f(T): 0.230 00

90

100 | PKUAC-GDTS1-24 (MG822743)

PKUAC-GDTSI1-11 (MG822740)

Thermoleptolyngbya sp. O-77 (AB668059)

Leptolyngbya sp. NIES-2104 (NZ_BBWW01000001.1)

99
— Leptolyngbya sp. NIES-3755 (NZ_AP017308.1)

PKUAC-GDTS1-28 (MG822732)

94

PKUAC-GDTS1-4 (MG822737) 0.1

90 . —
70 | Synechococcus lividus PCC6715 (NZ_CP018092.1)

Thermosynechococcus elongatus BP1 (BA000039)
53

Synechococcus elongatus PCC7942 (NC_007604.1)

Cyanidium caldarium RK1 (NC_001840)

2 £T PhycoA EEFFIMAZAER

Figure 2 Phylogenetic tree of PhycoA gene sequences

1 £2F PhycoA BRFHIEB AR RGE KGR, 65 7 RIEMRESH R, 12 MR A BN R, A7 1| RIMERE Cyanidium
caldarium (WIEFIZH PRI PhycoA L), MUKM E MR & IURA I EIRE. #5517 S =I% T FI7E NCBI 8RS, /r
s E BT FRR Bootstrap 1H>50% (1 000 MMESEE ), HMINR T2z

Note: Maximum-likelihood phylogenetic tree of PhycoA gene sequences representing seven cyanobacteria reference strains, twelve isolates
from Huizhou, China, and an outgroup strain Cyanidium caldarium (phycoA gene extracted from genome). Strain No. in bold represent
strains isolated in this study. The number in parentheses is the accession number of the strain sequence at NCBI. Bootstrap values >50%
(1 000 nonparametric replications) are indicated at nodes. Scale bar indicates estimated substitutions per site.

i ARE AR PKUAC- GDTS1-24 Fl 1y 118.99 mg/g DW F1 244.05 mg/g DW, i b3
PKUAC-GDTS1-29, HA T HEORAN, R 2 s, JERXSERESGEMRA PR EROR, MRk a8

&P 2 PKUAC-GDTS1-24 F1 PKUAC- GDTS1-29
H A AR s PR BRI 2 [ A P — 222 57

PC /2N AP FLERT, TEP NIRRT IS il
157.29 mg/g DW #1374.86 mg/g DW. PE H)&HHR(K,
435K 23.79 mg/g DW F144.36 mg/g DW., APC ({5

K225, 1E PKUAC-GDTS1-24 #il PKRUAC-GDTS1-29
s B3R 65.13 mg/g DW il 18.87 mg/g DWW, 7E4%
WF5EH, PKUAC-GDTS1-24 fEEHE N 28R 8r
WR EER AW FEANEEE, PKUAC- GDTS1-29
HA BRI R AMHAD 3 RS b3
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Thermoleptolyngbya sp. O-77 (AB668059)

63 — Leptolyngbya sp. NIES-3755 (NZ_AP017308.1)
100 — Leptolyngbya sp. NIES-2104 (NZ_BBWW01000001.1)
30 PKUAC-GDTS1-24 (MG822743)
PKUAC-GDTSI1-11 (MG822740)

58 97 PKUAC-GDTS1-25 (MG822741) Number of sites: 1 858
PKUAC-GDTS1-27 (MG822742) Log-likelihood: —8 938.933 02
PKUAC-GDTS1-29 (MG822734 Gamma shape: 0.270

75 ( ) Proportion of invariant: 0.164
PKUAC-GDTS1-28 (MG822732) GTR relative rate parameters:

] PKUAC-GDTS1-4 (MG822737) A <—>C:0.92613; A<—>G:2.108 68;

DEGS s .
[ Gloeocapsa sp. PCC7428 (CP003646.1) é <> :ll: i%%g (2)2’ (C} <> ? {) ggg gg ’
64 | PKUAC-GDTSI1-3 (MG822736) Nucleotides frequencies:
f(A): 0.251 01; f{C): 0.242 83;
99 68 | PKUAC-GDTS1-17 (MG822739) fEG;: 0301 17. fﬁT)): 020499
48 || PKUAC-GDTS1-13 (MG822744)

PKUAC-GDTS1-6 (MG822738)

PKUAC-GDTS1-1 (MG822735)

Synechococcus lividus PCC6715 (NZ_CP018092.1)

96_‘— Thermosynechococcus elongatus BP1 (BA000039) &
Synechococcus elongatus PCC7942 (NC_007604.1)

Cyanidium caldarium RK1 (NC_001840)

100

3 ET 16S rRNA EE+PhycoA EFE FFIHARFE A B

Figure 3 Phylogenetic tree based on concatenated alignment

E: T 16S rRNA L +PhycoA JEH PSR R IA RGBT, 8 7 WRIEATASH Ak, 12 Mok A ZUMR 0 Bsbk, 104 1 1k
SMIETERE Cyanidium caldarium (WIERLHEEIREF A1) BB BRS S R ASCHI TR BRR. 55 P 52 % T 51175 NCBI
BT, I3 _EMEITFFOR Bootstrap H>50% (1 000 MEESHE K, HWHIRFREAZES.

Note: Maximum-likelihood phylogenetic tree of 16S rRNA gene+PhycoA gene sequences representing seven cyanobacteria reference strains,
twelve isolates from Huizhou, China, and an outgroup strain Cyanidium caldarium (sequences extracted from gene from genome). Strain No.

in bold represent strains isolated in this study. The number in parentheses is the accession number of the strain sequence at NCBI. Bootstrap
values >50% (1 000 nonparametric replications) are indicated at nodes. Scale bar indicates estimated substitutions per site.

B4 *FRHETREAE R PKUAC-GDTS1-24 1 PKUAC-GDTS1-29 B2 7s
Figure 4 Photos of thermophilic strains PKUAC-GDTS1-24 and PKUAC-GDTS1-29
I A. EJ2 BG-11 MilASEF e A K i B4 ; B-D: PKUAC-GDTS1-24 TERCRAECH 100, 200, 400 £% FA9IEA; F-H:

PKUAC-GDTS1-29 7EHUCRAHCH 100, 200, 400 ff5 FITEA.

Note: A, E: The photos of cells grown BG11 liquid media; B—D: The photos of strain PKUAC-GDTS1-24 were taken with microscope
respectively under 100, 200, 400 times magnification; F-H: The photos of strain PKUAC-GDTS1-29 were taken with microscope
respectively under 100, 200, 400 times scopes.
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£ 1 PKUAC-GDTS1-24, PKUAC-GDTS1-29 F1E M Leptolyngbya BERkRIE KK, MARLA S LLEE
Table 1 Comparison of growth condition, crude cellular components in PKUAC-GDTS1-24, PKUAC-GDTS1-29 and
related Leptolyngbya strains

L 3% S B 37 s AL
S M I 1T mr g SRR
Strains G{g/‘?ﬁ dr)a)te prmfllc(?igis(sg ) Protein (%) Lipid (%) Carbohydrate (%) Ash (%) Sg;éﬁgg? References
PKUAC-GDTS1- 0.010 0.783 26.64 21.40 36.42 24.20 Cultivation in BG-11 This study
24 at 45 °C, white LED
PKUAC-GDTSI1- 0.037 1.430 12.93 23.92 28.46 2470 of 70 pmol/(m*'s),  This study
29 16L:8D (100 r/min)
for 20 d
Leptolyngbya  sp. 0.024 / 53.30 11.60 24.80 10.30 Cultivation in [26]
KIOST-1 (BG-11); SOT/BG-11 at
0.051 (SOT) 30 °C, white light of

100 pmol/ (m*-s),

12L:12D for 28 d
Leptolyngbya sp. 0.061 / / / / / Cultivation in BG-11 [44]
ISTCY101 at 30 °C, white light

of 50 pE/(m’:s),

24L.:0D for 14 d

Leptolyngbya 0.085 / / / / / Cultivation in BG-11 at [45]
foveolarum 28+2 °C, white light of

44.5 pmol /(m*:s), 14L:

10D for 8 d
Leptolyngbya / / 38.80 5.80 14.60 37.60 Cultivation in BG-11 at [46]
BL0902 30 °C, fluorescent light

of 125 pmol/ (m*s),

24L:0D for 14d

e /e XTI SR
Note: /: No data for this item.
% 2 PKUAC-GDTS1-24 #1 PKUAC-GDTS1-29 2 £ 4 8/ ELE
Table 2 Comparison of pigments in PKUAC-GDTS1-24 and PKUAC-GDTS1-29
[EEvS BEIEE R ISR WL MK a e b S MR S R R SR

Strains PC. APC PE Chla Chlb Total Carotenoid types Cultivation conditions References
(mg/g DW) carotenoid

PKUAC- 157.29 118.99 23.76 0.97 7.46 65.13 Neoxanthin Cultivation in BG-11 at This study

GDTS1-24 violaxathin 45 °C, white LED of
carotenelutein 70 pmol/(m*:s),

PKUAC- 374.86 244.05 44.36 0.45 2.15 18.87  Neoxanthin 16L:8D (100 r/min) for This study

GDTS1-29 violaxathin 20d
carotene

Leptolyngbya 44 42 95 / / / / Cultivation in [47]

sp. KC45 Castenholtz D at 40 °C,

fluorescent light of
8.11 pmol/(m"*s), 24L:

0D (140 r/min) for 30 d
Leptolyngbya 42.5 30 28.5 3 / 5.15 / Cultivation in BG-11 at [45]
foveolarum 28+2 °C, white light of

44.5 umol/(m®-s), 14L:

10D for 8 d
Leptolyngbya / / / 7.67 / 4.75 / Cultivation in ASN III [48]
sp. at 25+2 °C, fluorescent

white light of 102 W/m?,

24L:0D for 3 d
Leptolyngbya / / / / / 2.03+0.56 / Cultivation in BG-11  [49]
sp. medium at 40 °C,

fluorescent white of
30 pmol/(m’-s),
16L:8D

F: /e XTI R
Note: /: No data for this item.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



490 A 2 A

Microbiol. China

3 W54

DUECH b X A3 B AS 2] 12 AAHT A g P 40 T T
¥k, 6 #kY Gloeocapsa sp. PCC7428 FR I Bk
RE, muns 6 k5 HATHE K DM
Leptolyngbyaceae B33 RIE, ViR G LM 5ExT
2 Rk vE K A A PKUAC-GDTS1-24 Al
PKUAC-GDTS1-29 J&F Leptolyngbyaceae, S#iF%
TR T N AR ZE Leptolyngbya J& H5 1R A
#>H PKUAC-SCTA141 . PKUAC-SCTA171 I
PKUAC-SCTA174 FIAHALEE e (AHAE R 99%) .
55N e AR A A S 2 AR AR L, 53 B T bk
5 BRI/ Leptolyngbya sp. RV74 (R
1 96%)F1 Leptolyngbya sp. Greenland 7 (AH{LME N
95%) M PE#E & o T Leptolyngbya sp. RV74 Fl
Leptolyngbya sp. Greenland 7, BREEEH EHIT
16S rRNA J:[HSL, = RGEM IS5, IFH
TERG R B W LHE 5 RN AT 55 5 0 W A T 2R
fE—mP0 ) REsEkEREEDSE T
Leptolyngbya J&I—YEEEERAE, HTSHEHIEM
B Am, RAMWS Sk ESELIRE T
Leptolyngbya J& 17 16 AN 2 1 o B oh, R HE
Schleifer™ HIHFST, 16S rRNA JEHFFIHUIER T
98.7% M AL AE P T AR SR AR R, X 24
IRRW, ) AF )1 iR S AT RRAEAE—Flogi Y
YRR FERE IS AN B 8l Leptolyngbya Wi 4M BT
o Leptolyngbya WARREGEHGICRER — A fbbki% ft
S EIE S, SR 2R SRR b R R E
EAFEZMENENEDEEY R, ETLA2
Py RN 6 5 e ekl FE AR I Hh
HARKE ST W, ASBFIT A E Y X s
Leptolyngbya TAPE A AW TAEM S 4L T 7
Al

EA KT Leptolyngbya BITHIY T HAEPAER
MRS K B JrHE, X HA B A
B AR TE SR E A B, R ECE
Leptolyngbya 1) 2 ¥RFEIHE 40 TR PKUAC-GDTS1-24

Fl PKRUAC-GDTS1-29 i 7iE—2 A9 A= 1 R4l
HoriH5E . BRERAE ™ J1 )51, PKUAC-GDTS1-29
kb PKUAC-GDTS1-24 HAHLH, 2 DRI K
FIH1H 0.010 g/(L-d)F1 0.037 g/(L-d), 5 3CHkiE
W HAth Leptolyngbyaceae #bl. Leptolyngbya sp.
KIOST-120T 4 K% 0.024 g/(L-d), Leptolyngbya
sp. ISTCY101™ iy 2F K 3 % 4 0.680 g/(L-d) ,
Leptolyngbya ~ foveolarum™ [y £ K # K N
0.085 g/(L-d). HiXLERRRAHLL, PKUAC-GDTS1-24
Ml PKUAC-GDTS1-29 WA K#R Y Leptolyngbya
sp. KIOST-1 A3, HL3 4k 2 FhiEiskig . Kim &£R
Leptolyngbya sp. KIOST-1 HA &84 =11, wtk
U E L, AR A =0 Nk, A
) PRUAC-GDTS1-29 BitkA: ™ S sm, ATLAMEN
AR R A = B bR . SRT, Tk s i A
KA GREREE | BRI R 8RR
[l 1), IRMEAE A S PR A AR KA S B L
A5 G T IX SR T MR A 7™ T A X251

PKUAC-GDTS1-24 il PKUAC-GDTS1-29 [FJ 4
MR, BRI R A . AR Z AT ¢
PRI B s, FRATTELES T Bk 2 BRptE S
Leptolyngbya  BL0902!*]
KIOST-1® M40 MiZH .. Leptolyngbya BL0902 54
38.8% 8 i . 14.6% M W i Al 5.8% Mg ik .
Leptolyngbya sp. KIOST-1 %4 53.3%M& )5,
24 8% I AN 11.6% 85, SR, FRATMILER
I AP & Z 0 kT Leptolyngbya BL0902 il
Leptolyngbya sp. KIOST-1 Byl , X 2 Btk &
B 4y & BE H i, 1 PKUAC-GDTS1-24 Al
PKUAC-GDTS1-29 HOliZ¥) it /& £ 2y, AT &
10 R T Leptolyngbya BL0902 5 Leptolyngbya sp.
KIOST-1. Leptolyngbya sp. Wtk Ko & 8 25 5458
K, Leptolyngbya BL0902 H°} 10.3%, Leptolyngbya
sp. KIOST-1 H1°4 37.6%. AT K73 & i
THX 2 PR ZIAL, 209000 24.2%F1 24.7%

ML AR R E A U ERORES, 2 R AR

Leptolyngbya  sp.
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H PBPs it AL, PC J& PBPs I 27). APC
1 PC WL B AN E Y 0.4%, Hrf PC &
539N 41.90 mg/g prot Fll 48.46 mg/g prot, APC
Hoh 2 PR R 2Ly, 4051 31.70 mg/g prot
F131.55 mg/g prot, %% 2 WHAEEH, PC Fl APC
0 5 BT RRAT / BHRk, 1 PE & &Y
Oy BSTEMAE 5 . Leptolyngbya sp. KC45M7y
MR AN 181.63 mg/g DW, Hidt PE 23
B4y, Sl 95 mg/g DW, APC il PC % &4y
Bk 42 mg/g DW Hl 44 mg/g DW, 7E Singh Z*)
HIsEH, Leptolyngbya foveolarum H PC, APC .,
PE My &0 42.5. 30.0, 28.5 mg/g DW, X4
LR IREE FITE Leptolyngbyaceae AN[R)y 32
WRIATE—E 2 5, (AT B pRTE BRI AR
PR AW RO, AT AR R
TETE A K o

AN, AT LR RTINS DR & =i T
TAMrtb4s. 16 PKUAC-GDTS1-24 Fl PKUAC-
GDTS1-29 1, 2KEH % 25553514 65.13 mg/g DW
F118.87 mg/g DW, M4gZE a # 0.97 mg/g DW i
0.45 mg/g DW, M%4t&E b N 7.46 mg/g DW Fl
2.15 mg/g DW. Joshi ZHRiE T Leptolyngbya sp.
HT AR a WE N 8.1 mg/g DW, 25518 b R

4 4.5 mg/g DW . Trabelsi 2 %Z3E T Leptolyngbya sp.

H2EEAEE N Z AN 2.03£0.56 mg/g DW., 847 f
582 Leptolyngbya foveolarum WFRYTT4EZR a FIZEH]
B NEAEA1H 3.0 mg/g DW 1 5.2 mg/g DWH,
REHGE 4 PKUAC-GDTS1-24 11 PKUAC-GDTS1-
29 WML R a SEVIRAUTE 2 MR, (A
EATREAR T4 b, i Seik >
Leptolyngbyaceae Ttk IF % A It & B . PKUAC-
GDTS1-24 #l PKUAC-GDTS1-29 (25 % | %
RZETIRIML, (A2 (X fE PKUAC-GDTS1-24
R

Zi FRRR, JEF 16S rRNA JE[H | PhycoA Fil
16S tRNA FE[H+PhycoA FEH T4 1 RGEK F 43HT

R AR gt T —4JE T Leptolyngbyaceae
B E PR E iR, 7l RRe— Rl 22 R 5%
GRS A TR SR 5K Leptolyngbya W AN B HiFN . M
B 5 Leptolyngbyaceae HAME M RG R B KR
TR RAR D240 9E . BTk, HAr
ISR D, U B —SE R G L T R LIXTE
TS URE I RAE , AP S — IR A5
KWk, JFhEE— 20 4 7 o 9% 3508 JE Al .
PKUAC-GDTS1-24 il PKRUAC-GDTS1-29 HAT 5%
A7 1, IF HRBMEAE 7 LA Leprolyngbyaceae
PR = S ) HAA BRSBTS
TER AR B P WAk, BA R R BE 58 & e Hif
oo M H BN KBS E IS IRk, 5
TAYBAE, O TERRAAE ™ W AR E AR
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