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Abstract The objective of the study is to characterise the taxonomy of the thermophilic filamentous strain B121
isolated from the hot springs in Ganzi, Sichuan, and provide insight into its genetic basis for future application. The
taxonomy of strain B121 was analyzed by using polyphasic approach encompassing genome analysis, phylogenetic
analysis, secondary structure prediction, and overall analysis of morphology, sodium salt tolerance test combined
nitrogen fixation ability. Phylogenetic analysis of 16S rRNA indicated that strain B121 closely clustered with
strains Thermoleptolyngbya oregonensis PCC 8501, Thermoleptolyngbya albertanoae ETS-08 and Thermolepto-
Iyngbya sp.O-77; the 16S-23S ITS secondary structure prediction showed that the D1-D1' region of strain B121 has
certain similarity and high sequence identity with reference strains, but they have not reached the generalized
threshold for the same species. Additionally, the secondary structures of V2, BoxB and V3 regions are quite
different between B121 and other reference strains. Combined with the analysis of morphological investigation,
strain B121 was identified as a new species of the genus Thermoleptolyngbya. In addition, the strain B121 can
survive in NaCl and NaNO; modified BG-11 medium with a concentration of 0.5 M, and it can also survive in
NaCl modified BG-11 medium with a concentration of 1 M. When the gas phase condition is Ar:N,:CO,=79:20:1
(viviv), the acetylene reduction rate of strain B121 can reach 2564.1 nmol/(g-h).
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|—Halamr’cr0nema sp. SCyano39 (DQ058860.1) HALOMICRONEMA
99 Nodosilinea nodulosa PCC 7104 (AB039012.1)
Nodosolinea nodulosa UTEX 2910 (EF122600.1) NODOSOLINEA

99 Haloleptolyngbya alcalis KR2005/106 (JN712770.1)
99 L Haloleptolyngbya alcalis PMC 891.15 (MF579908.1)

63 STENOMITOS

99

Scytolyngbya timoleontis XSP2 (KP688589.1)
Gloeobacter violaceus PCC 7421 (AF132790.1)

B3 FEARIEHE B121 £ 16S rRNA RE R HH
Fig.3 Maximum-likelihood phylogenetic tree of 16S rRNA gene sequences
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Thermoleptolyngbya albertanoe ETS-08 (FM210757.1)
Kovacikia muscicola HA7619-LM3 clone 41B 2 (KU161670.1)
100L Kovacikia muscicola HA7619-LM3 clone 41A 2 (KU161669.1)
Phormidium sp. SAG 37.90 (AM398973)

Oscillatoriales cyanobacterium JSC-1 (FIJ788925)
Leptolyngbya sp. PtLPT2 (KM438178)

Oculatella sp. LLi18 (DQ786166)

9L Oculatella subterranea VRUC135/Albertano 1985 (EF560651)

| KOVACIKIA

I OCULATELLA

= Alkalinema sp. CACIAM 70d contigd0121 (MUGG01000223)
WL[ Alkalinema pantanalense CENA531 (KF246497) ALKALINEMA
93l Alkalinema pantanalense CENAS528 (KF246494)
Phormidesmis priestleyi BC1401 (LXYR01000057)
Phormidesmis priestleyi ANT.LG2.4 (AY493641)
PHORMIDESMIS

57|y Phormidesmis priestleyi ULC007 (PVWG01000089)

1001 Phormidesmis priestleyi ANT.L52.4 (AY493640)
Pegethrix sp. ANT.L70.1 (AY493643)

1001 Pegethrix sp. ANT.LMA.1 (AY493642)

Plectolyngbya hodgsonii ANT.LPR2.2 (AY493644)

PEGETHRIX

Leptolyngbya sp. NIES-3755 (AP017308)

YA — RO ES OISR Y W P 22 BB A 4 R
541 Thermoleptolyngbya sp. O-77 (AP017367)
64 — BI121 (CP070366)
L 0.21 Thermoleptolyngbya oregonensis PCC 8501 (FM210758.1) THERMOLEPTOLYNGBYA

Leptolyngbya tenerrima UTCC 77 (EF429288)

To5] Leptolyngbya sp. PCC 73110 (AY768371) LEPTOLYNGBYA
Leptolyngbya boryana dg5 (AP014642) Leptolyngbya sp. BC1307 Ga0078185 1095 SENSU STRICTO
(NRTA01000095.1)
Selr Leptolyngbya antarctica isolate ULC041bin] scaffold7 (QBMN01000007)
99 Haloleptolyngbya alcalis KR2005/106 (JN712771)
Leptolyngbya sp. isolate ULC186bin] scaffold264 (QBLT01000264)
94 Nodosilinea nodulosa PCC 7104 (ALVP01000011.1)
Gloeobacter violaceus PCC 7421 (NC005125)
B4 BEAEME B121 A9 16S-23S ITS REX B
Fig. 4 Maximum-likelihood phylogenetic tree of 16S-23S ITS sequences
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Fig. 5 Prediction of secondary structure of D1-D1' region of strain B121 and other comparative strains
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Fig. 6 Prediction of secondary structure of V2 region of strain B121 and other comparative strains
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Fig. 7 Prediction of secondary structure of BoxB region of strain B121 and other comparative strains
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Fig. 8 Prediction of secondary structure of V3 region of strain B121 and other comparative strains

Table 1

£ 1 BI121 S EHEHk 16S-23S ITS BEHMBHFIKERER—&

Length of B121 and reference strains’ domain helix in 16S-23S ITS, and the identities

between B121 and reference strains in 16S-23S ITS

n DI1-D1’ £5#4i5, V2 S5 BoxB £5#is V3 G5Hi I

fitk K /bp [l —1/% K /bp [Al—1/% K /op [F]—PE£/% K EE/bp [F]—PE/%
Bi121 64 100.00 133 100.00 48 100.00 74 100.00
T. albertanoae ETS-08 64 93.75 146 39.86 47 81.25 74 37.50
T. oregonensis PCC8501 64 95.31 71 34.41 60 54.10 74 37.50
TI. O-77 64 96.87 178 87.88 60 53.33 74 91.89

V3 EEF G R MR . R 1 AT, AR T
Bk B121 76 4 5 4B R A9 D1-D 1 25 #9307 51 4
¥1oh 64 bp., V2 G5 YK 22 B, Hrh X
P9 e K R B RR T 0-77, V2 S50 )% 51 K i Ky
178 bp; BHK B121 (1 V2 &5 #4387 51K B4 133 bp.
ERR T O-77 M1 T. oregonensis PCC8501 f*) Box B 4%
FSRFF K B iR, h 60 bp, HAEMRZLS T
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FIK B IT 60 bp, H#EB121, T. albertanoae
ETS-08 il T. oregonensis PCC8501 #4 #H ]y 314
FE 1) V3 25 F4 35

FEXF DI-DU XIS 53 #r o, etk BI21 A 3 4
WSS H R A TR, HEkBI2L 5&% K
PRAHH AL — 245K, HRE PR B121 SRRk 71 0-77,
T. albertanoae ETS-08 1 T. oregonensis PCC8501 f
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&1 9(a) S X B AR B121 35K 40 %5 J5 A9 06 2% i i3k
BE(LM)EE, B 9(b)2 R 3000 1 i 44 L i ik
BT (SEM)E1%, & 9(c) M (d) 4 il J2: Ji K 4000 4% AN
7000 £ 1935 5 HL T & fUBE (TEM) B % . SEM K&
WoR, ARFEBI21 UK B IRIAL AL, BARIA
1 10~25 AR IE 9 BN 0 I ZE 0, Ty 52, Btk
FEH. WIRIEUKLS M 3FIES . gl e
AT DL & B0 R AR 2 Pl A (30 A T 40 e 2 % 1) B 40
2% FEREBE AN AT W4 (8 9(b)). TEM IR Ji 7 1 fk

BI21 B A R AE, SCHF SEM IS5, B2
LA BE R 2.0~3.6 pm,  %E 4 0.5~0.9 pm (& 9(b)
F(c))o FIBIAEIE 4H A 2 [R] 38 5 240 B BE 7Y [ PN B
FE UM AT, H AR LS B 20 i 2 0] 47 78 41 B P9 350 3%
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[Al. WPEB121 LLK T. oregonensis PCC8501 [ 4 /&
KATEW), T T. albertanoae ETS-08 &7 H 4N
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Fig. 9 Pictures of light microscope (LM) (a), scanning electron microscope (SEM) (b),
and transmission electron microscope (TEM) ((c) and (d))
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Table 2 Morphological and ultrastructural comparison between strain B121 and reference strains

ZRIEM RS
k7N Iy EAEE b i, BSE JNFY E= BTN
F&BE /um K /pm
BI21 iz 0.5~0.9 2.0~3.6 Kor)E iEs i) 3~5 AR
T. albertanoae ETS-08 e <1.0 1.5~3.0 I W, 3~4 [7]
T. oregonensis PCC8501 iz 0.8~1.8 2.0~6.5 N R, 4~6 (71

KJEH 2.0~3.6 um, FiJEH 0.5~0.9 um, Wtk T. al-
bertanoae ETS-08 [ FAAN UM A 1.5~3.0um, it
JE{H B KA 1.0 pm, i & ¥k T. oregonensis PCC-
8501 f AN A E M 2.0~6.5 um, T 4 0.8~1.8
um, 3N EBRTEA R T B 2R

H Tk = JE 92 1) Thermoleptolyngbya ¥ 2l & &
BB, W BI21 MBS0 2 3 — & B
1 N7 S TP O i S ER AN 0 = =8 i A
5%
2.6 shELT =1

PR B121 B 80 ER T 52 P55 L AN 3% 3 iR o 1A
Pk B121 X} NaHSO, WY Mif 52 P 4 25, BVl b vk i oy
0.1 M, A . X F NaNO; fil NaCl, IH
B121 A 54 5z 4, AT LAYEER R R 0.5 MY 2%
PE AN . B bk B121 XF Na,SO, Ay i 32 P e &, 78
U 1 M BTSSR AR .
2.7 BEl&m&E

B bR B121 (4 [ &I DL I35 4 TR, SOM 40

, AR of [ &L Y TG B A RS2, S
U H BT [ U S S R S, R
R 3 B B121 BIET S M
Table 3 Sodium salt tolerance of strain B121
WREE/M NaNO; Na,SO4 NaHSO,4 NaCl
0.1 + + — +
0.3 + + _ +
0.5 + + — +

1.0 - + - -

x4 EHBI21 EARSHERGPHEREE N

Table 4 Effects of the gas phase for the induction of
nitrogenase activity in B121

SARAM ZHE R (nmol-g "h")
Ar:N,;:C0,=90:9:1 1127.2
Ar:N;:C0,=79:20:1 2564.1
Ar:C0,=99:1 608.1
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FAZEAE N AN, CO, =79:20:1 I, 2 Bide J5UH A< fi
K (P U G P e 5 ), 3531 2546.1 nmol/(g-h).
FHZEAE R Ar:CO,=99:1 B, L HIA J ol 2 Ak

3 it

e, M4E 16S rRNA RS K B 4 Hidh R &
HE5 S 2 W E—, 128 % #® %k B121 N
Thermoleptolyngbya 5325 N IS TH . RPE B121 1Y
S EIE SRR N 45°C, HEHRE ARG R
I, SHEREWEF Y, W T oregonensis PCC-
8501 1Y 77 9 A 45 ek 2 A0 ST 0y 2 5% % Uk 2 4T O 45°C,
B BR T2 O-77 W] LAFE 25~60°C Z ] A= 7, fieidi A4 &
1R R 55°C, WHk T albertanoae ETS-08 N W] LLTE
25~55°C Z A AF7 . W UL #k B121 55 Thermole-
ptolyngbya 5325 (W) 5 4 TR B AG 550 AT 19 A4 KR
JE o B3R 3 BRI RRAR T DATE B i IR B N AR AE, H
&5 T albertanoae ETS-08 A #iT 75 5 5 72 1Y Bl B
A LR iR BT P AR AT o W PR STTS_1CY, 70
F BT R B R A L SR, R 7R IR BE B ol 70°C 1Y BR
B A",

XF168-23S ITS FFAI M R G L F 7 #rh, vk
B121 5 Thermoleptolyngbya W W) 1 # 2 i — 1~ 4
%, WL E E A B121 J& F Thermoleptolyngbya.

TEX} 16S-23S ITS Fe A ) 3 Mrvh, it — 0% &
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