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Table 1. The information of the plant Huperzia serrata samples

Sample number  Part of plant Site Sites information

IMB12-088 Belowground part  Hongya county of Sichuan Province S1 29°41'27.14"N, 103°10'17.56"E, 1205 m H
IMB12-089 Aboveground part  Hongya county of Sichuan Province S1

IMB13-057 Belowground part  Hongya county of Sichuan Province S1 29°41'25.77"N, 103°10'15.78"E, 1380 m H
IMB13-058 Aboveground part  Hongya county of Sichuan Province S1

IMB13-062 Belowground part  Hongya county of Sichuan Province S1 29°41'24.98"N, 103°10'16.23"E, 1187 m H
IMB13-063 Aboveground part  Hongya county of Sichuan Province S1

IMB13-071 Belowground part ~ Emei mountain of Sichuan Province S2 29°47'23.41"N, 103°16'53.22"E, 1503 m H
IMB13-072 Aboveground part  Emei mountain of Sichuan Province S2

IMB13-076 Belowground part ~ Emei mountain of Sichuan Province S2 29°47'21.65"N, 103°16'54.47"E, 1468 m H
IMB13-077 Aboveground part  Emei mountain of Sichuan Province S2

IMB13-150 Belowground part ~ Zhenghe county of Fujian Province S3 27°14'39.01"N, 119°5'42.12"E, 1100 m H
IMB13-151 Aboveground part ~ Zhenghe county of Fujian Province S3
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Figure 1. The number and proportion of the endophytic bacteria fromdifferent Huperzia serrata samples and different

isolation media. A: The number of endophytic bacteria from different Huperzia serrata samples; B: The proportion of
the endophytic bacteria recovered on different isolation media.

= 2. W B AFALEMAE Z 4% Shannon-wieneriE 2. SimpsoniE# F1Pielouts

Table 2. The Shannon-wiener Index (H'), Simpson Index (D) and Pielou Index (£) of the endophytic bacteria from
Huperzia serrata

. Number of . Shannon-wiener Simpson Pielou
Tissue of plant isolates Richness Index (H') Tndex (D) Index (E)
Belowground part 186 28 3.09 0.041 0.93
Aboveground part 170 29 3.04 0.050 0.96
Total 356 41 3.31 0.044 0.89
E.ifl‘? L AEETTR28 R, AR R T 00282 . 114A-00867. 115A-00287. 113A-01602 .
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F18) I Rl T 30 43 PN BRI 119 2 S o D A A R T
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Figure 2. The phylogenetic analysis based on the 16S rRNA gene sequences of the endophytic bacteria from
Huperzia serrata. Bootstrap values >50% are shown at nodes. Bar, 2 nt substitution per 100 nt.
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R 3. WOEEEAEAEAER16S rRNAEEFIER
Table 3. The 16S rRNA genes information of partial endophytic bacteria from Huperzia serrata

16S rRNA gene

Strain Accession similarity with

number number Origin The most related homolog the most related Phylum
homolog/%
115A-00291 KRig4240  Aboveground  (rmibacierium 99.8 Actinobacteria
part f(y 812015 037(T)

113A-01679 KR184311 fﬁﬁ%ﬁfﬁi HIK10457(T) 98.8

114A-00824  KRI184302 %%%%5 licus G2-1(T) 98

114A-00819 KR184304 ﬁ’éﬁg"%‘i{é‘(‘%") casel 99.8

115A-00281 KR184239 ggﬁ”\’ggﬂiﬁ)"c’” indicus 95

115A-00288 KR184237 S‘?S”M”’%’f’lnza(%’mzma 100

115A-00290  KRI184252 Cellulosimicr gé’g(”T”)f unkei 99.7

115A-00282 KR184242 Sgg’,}’g‘é?j’fg?f’;’ albidum 98.6

114A-00867 KR184306 ZZ‘Z’OC%}‘;ZZZ?%MB ™ 98.3

115A-00287 KR184247 ﬁ’ggggg%’)"’”m tibetensis 98.1

113A-01604 KR184574 gg’gg’gé’{’)‘“b”“”s endophyticus 96.7

115A-00297 KR184234 ﬁ{ﬁ%’fgfﬁ‘s rhizosphaerae 98.8

113A-00604 KR184287 [glig“g‘éf")sp"m saccharophila 99.5

115A-00523 KR184251 é%”ﬁg gE’T”')C“ 100

115A-00289 KR184254 ﬁlfﬁ’g’_’f{ l"é’g% album 97.5

114A-00848 KR184295 Microbacterium 002(T) 99.1

115A-00809 KR184216 Qfﬁ%’gggfj@fmc 15837(T) 99.5

115A-00825 KR184196 M ‘é"é"%gg’gg(’ﬁ‘“’d” 98.9

115A-00828 KR184192 %’S“j’g{’gg%l“ halotolerans 97.2

115A-00495 KR184231 ﬁ%cfggd’i‘gg’gﬁe{f’)"d“ 100

113A-01637 KR184290 ggﬁkf‘g’ggé”sz)’oph’m 100

115A-00822 KR184199 ff%)zﬁ%ﬁis MBRL 353(T) 99.4

114A-00840 KR184286 fgf/{’ﬁfgnﬁ%% bobili 98.8

113B-01797 KR184317 ﬁyyﬂ%ﬂfﬂg?{mm) 98.9 Firmicutes
115B-00830 KR184193 Burkholder Q%T”)dm 99.5 Proteobacteria
115B-00611 KR184260 Methylobacterium 40T) 100

115B-00831 KR184208 gg,‘;f‘c‘ffl;”tfl ATCC 19374(T) 98.8

115B-00296 KR184261 Rhizobium ggg’%o)b”“” 100

115B-00812 KR184211 fzif?ﬁéﬁ‘i homends, 405(T) 98.9

114A-01100 KR184263 I}f:rlt"w%mund Actinomycetospora 02(T) 99.5 Actinobacteria
(4
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621

(£:33)
Amycolatopsis
I13A-01625  KR184275 sanl)er o HKIO 457(T) 98.1
115A-00801  KR184224 Ar, L;SI{’_%C(T@)V luteus 98.6
115A-00300  KR184236 ﬁrcegga%i(g‘(’% casei 100
115A-00519  KRI84253 %géogzjgrgggﬁn)f””kﬂ 99.8
Curtobacterium
115A-00283 KR184241 ammoniigenes NBRC 98.9
101786(T)
Glycomyces
[15A-00824  KR184197 lechevaliorae NRRL B- 98.8
16149(T)
115A-00834  KR184201 ﬁ%’gg”{%gﬁ”g&) 100
Jatrophihabitans
114A-00812  KR184262 endophyticus $9650(T) 96.7
Kribbella
[13A-01701 KR184298 swartbergensis HMC25(T) 99.2
113A-01628  KR184277 le'gZZZ%aZSb(T) 99.4
Microbacterium
[13A-00465  KR184267 maritypicun DSM 12512(T) 99.8
115A-00808 KR184217 %’{6‘&’”207”00255’(0{)“ aurantiaca 100
Mycobacterium
[15A-00823 KR184198 bacteremicum ATCC 25791(T) 98.8
Oerskovia
113A-00414  KR184266 enterophila DSM 43852(T) 100
Rhodococcus
114A-00837  KR184272 Jascians DSM 20669(T) 100
Streptomyces s
113A-01627 KR184276 ave lanezi/s NBRC 13451(T) 99.8 Firmicutes
[15B-00814  KR184209 ﬂexu S’ 1FO 15715(T) 99.8
Lysinibacillus
[12B-02693  KR184264 fuySlﬁ)rml S NBRC 15717(T) 100
Paenibacillus
[13B-01788  KR184270 chitinolyticus TFO 15660(T) 99.8
Staphylococcus
113B-01791 KR184283 Wm{?n ey” ATCC 27836(T) 100
Terribacillus
I113B-01790  KR184282 saccharophilus 002-048(T) 100
Bosea .
115B-00829 KR184191 thiooxidans DSM 9653(T) 99.8 Proteobacteria
115B-00816  KR184206 f;gl.’;"e"é‘ﬁ’zgm) 98.9
Massilia
115B-00833  KR184214 aerilata 55165-11(T) 98.1
Pseudomonas
[15B-00827  KR184194 hibiscicola ATCC 19867(T) 100
Rhizobiu
[15B-00813  KR184210 P guam CCGESZS(T) 100
Tardiph
115B-00610 KR184258 o bmme fMG 26467(T) 98
[15A-00281 7] fEfC3R T B A BR R B — A~ H1 & SSBRNZETE, BN E TRkm] . JREERT TS
(K3). AW TH16FRE . 23458, A ERE AR T

2.4 BEFREMBIIX 2B REN

AVGE T 2 BIAEAR R 3 25 55 5 2 v
AL ECBA I XER A AR A i 2 A AR Y
P LE R (F4), 16S rRNAXE R 75143 Hr 45 5
AN, A A ARG A IR A, R B R
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novel Actinobacteria taxa and related strains. Bootstrap values >50% are shown at nodes. Bar, 5 nt substitution per

100 nt.

PHRIFHAERG, /DNRIE R T
m, HE— 2R TR A B R NN A R R R
BRUR . A, WA SCI B Lt n] B R R
, TEWI T A iR A, 522 [RBAE AR
CEMERE T TR I ECE GANE 4Rk ) Fn AP 2 B
D TFoRUS N R 35 SRR BN B A 128K )
2.5 AITEHIE AR

N3G 7 AS PR N P e B 74k P

B EE S m

actamicro@im.ac.cn

() K ERURE b A 1 B A B e AR v I 7 T
P, W0 B FHPEZRN 20.8%.

SR EE, HTHERAERAIAL, A2KHF
VRORE S TE BT TR B PT80S 1 1% B R
HRAA ik T2 R R 0 KRR BL . B2 (R4).

FEPUPRIG T, R A R B (A1 FIA2) I
Ui P & B (B 1A B2) X £ B M 24 B 3% i BR R
HH22 L 2 (0 B0 A0 B £ S S04 A1 1 AR 1 %o i



623

9 Leifsonia spp. (8 strains)

%] o7 Glaciihabitans sp. 115A-00287
Curtobacterium spp. (2 strains)

-Amnibacterium sp. 115A-00291

99 Frondihabitans spp. (5 strains)

54

54

100, Ceitulomens spp. (2 strains)
Cellulomonas sp. [15A-00618
-Luteimicrobium sp. 115A-00289
Oerskovia sp. 115A-00295
Cellulosimicrobium sp. 115A-00290
Kineococcus sp. [15A-00297

| 1008 evibacterium spp. (5 strains)

Novel genus
71|:A rthrobacter sp. 114A-00824

51

L]atrophihabimns spp. (3 strains)

34 Streptomyces spp. (6 strains)

100

Amycolatopsis spp. (4 strains)
Kytococcus sp. 113A-01701
Actinomycetospora sp. 114A-01100

100 Nocardia spp. (2 strains)
fycobacterium spp. (6 strains)
Lysinibacillus sp. 113B-01797

MRS | BUEAAIR, 2016, 56(4)
(A)
—
0.02
100
100
B)
H
0.005

74

99 69

55173

Rhizobium sp. 115B-00296

ﬂquardiphaga sp. 115B-00610
100 Methylobacterium spp. (2 strains)

100

Gordonia sp. 115A-00825
Rhodococcus spp. (2 strains)

Nocardia sp. (1 strain)
Amycolatopsis sp. (1 strain)

Jatrophihabitans sp. (1 strain)

Micromonospora spp. (8 strains)

Cellulosimicrobium sp. (1 strain)

| Streptomyces spp. (2 strains)

Microtetraspora sp. (1 strain)
Naumannella sp. 115A-00828
Angustibacter sp. 115A-00801

Glycomyces sp. 115A-00824

100

82

—— e Bacillus spp. (3 strains)

99

99

99

Paenibacillus sp. 115A-00819
Paenibacillus sp. 115B-00826

98|75 Methylobacterium spp. (3 strains)
Bosea sp. (1 strain)

Rhizobium sp. 115B-00815
1

97 00_, Burkholderia spp. (2 strains)
_:/[:ssilia sp. [15A-00811

54

00r Stenotrophomonas sp. 115B-00814

1

Pseudomonas spp. (2 strains)

Mycobacterium spp. (5 strains) —

Pseudomonas sp. 115B-00831

Actinobacteria

=—Firmicutes

j| Proteobacteria

Actinobacteria

Firmicutes

Proteobacteria

4. ETARmINFIF > BHdE B AR AL HE16S rRNARGH L 24

http://journals.im.ac.cn/actamicrocn



624 Hongmin Sun et al. | Acta Microbiologica Sinica, 2016, 56(4)

Figure 4. The phylogenetic analysis based on the 16S rRNA gene sequences of the endophytic bacteria recovered on
the isolation media supplemented with inhabitors. Bootstrap values >50% are shown at nodes. Bar, 5 nt substitution
per 100 nt. A: Inhibators group A; B: Inhibators group B.
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Table 4. Physiological activities screening results of the endophytic bacteria from Huperzia serrata
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Klebsiella Xanthomonas
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HH22 700603 CPCC 240556 BXO99A SS04
Medium Al 16/291 2/291 5/291 2/291 17/291 8/291
Medium A2 13/291 3/291 2/291 1/291 12/291 7/291
Medium B1 1/65 0/65 1/65 0/65 2/65 1/65
Medium B2 3/65 1/65 1/65 0/65 1/65 0/65
Total 32/356 5/356 8/356 3/356 29/356 16/356

The positive result defined value was that the HIV inhitition ratio was above 90% and the cells survival rate was above 20% in the sample

concentration of 1% (V/V).

RILTEMEATCC 700603 . Hl-¥5 A+ # CPCC
240556 L% K /K A8 1 A9 TP X O99 A A Hl il %
FEPUI BTG P TR AR R RV 40 B Y R I
HFAUMBIH R T — bR AH T A PLHIV- 135 M
MATHIA2 K AR T R T 108K R A HTHIV-
WEPE, H g SER TR B A TRIA2 & FERCER /s
BE, A 3RR AN AEA LR Bk b 2 30 S i HIV -
V06 P, 28K TR AFE A2 & TRV P 22 B P HT V-1
o
3 ik

245 FTAE P REIR 1 PO PR I 1 P AR TR AT il
AR () IR, WG ST EREMR T
AR B . B REOR AR, MEZ
B A5 AR I D e A 4 2P RS
R ok, R B R 28 Bl 2 AL I A
WIS . (2) e scdf. WAERRKMA N
YRR, BERBAEAE IR N FR e A KT T A )7
ARG Bl DA T8 PN A= BT B R E AR A R P ik
MRS AR i — T, < 3RAEs
WINNy, ey, — BRAARE b B BE

actamicro@im.ac.cn

A AbIEAR, A DI A A Py R, TR
B AR BAE AP Ia] 4L (co-evolution): 5 3
AR AL ) B R AR s s N AR TR, A —
R EEASE MRS REEE, If
SECH R REY L, (3) WAERE Y+
w|. AR Bk, BENATUE . KER
SRR AT N AR W TP B AR T 5E E
T AR R BAAL A % PR 0o AN, StierleS5
H N H (Taxus breviforlia)h % BLr= SR
B@Wﬁiﬁ%Taxomyces andreanae, [fi)5, Caruso
SEROM BRI ZL G A2 Taxus baccata L.Hh4y BS15 5] —
SEREAE G AR TR N A LT s Zhang
SERUIN K AL (Catharanthus roseus)2 i 4y 55 3|
REF A2 KA N A BT Fusarium oxysporum
WuZE PN E B RN AR L H Actinosynnema
pretiosum™ 51 BB AR R A YR (maytansinoid),
B SHEYPEER SRR EWA AN, HAE
IR 8 C- 345 Mk g L 45 A A DG4 T R, (4) AR
= P IE R A AN AR . WeberE A
WA B H 415 AYarundifungin . 5-(1,3-butadiene-
l-y1)-3-(propene-1-y1)-2-(5H)-furanone .



PMTHHEE | UZE2EAR, 2016, 56(4)

ascosteroside Afllascosieroside B, B/~ 5W R
EBEMMPLEE NN, & Pascosieroside BXT
THepG2 By 40 il #5115 1 55 Tascosteroside A,

I A AZZ A T INTICA £7 b sl b R IR SRR
TERRAL, XMTER R AR TP AR AR
Y N A A3 T — R AE S EREE .
BRI A A P W A A S B T R e RO R B
AR R, e A2 e AR EY)
FEESAEYR . WK, EOB. 2. A6l
PR TR AR S Ay o MR A2 A B =
M2, e, HIEDUETH A, 167 g 55 07 T 2 B
RAFAIETE . i8R A2 2 LA BT K&
FRYHT S A T R T T RIS I 8 24 ) A PR ) 32 3
JEORE SR, R TG A AR B IR R AR Y
B, ST AR REUR, P SR T AT
FEAAZAE L AR O i Rl . BT A B
Xof U SR AT A2 PN A A T 1 0 B RN A BT PR T S,
TR AT . G A AZ T
T SR IS 1) R AL LG

ARUMFTE 3 B RIS 1356 RN AE P, )R
TR H T Amnibacterium . -4 & (Cellu-
losimicrobium) . Frondihabitans. Glaciihabitans .
Jatrophihabitans . Luteimicrobium . Massiliafll
Naumannella“5:107 & & VAR 4l 35 72058 Fh AR X 5
LBV R 2ERE s Tardiphaga M ZETR HU R )&
(Stenotrophomonas) &8 F UL R ZEHE . SEKTH
J& 11 19934E N LUK, (XU R U VR ST R |
WEPETURY | 2 R A B T R R A B R
TESAS, Amnibacterium”™> . Angustibacterm]\
Glaciihabitans®" . Jatrophihabitans®" . Lutei-
microbium®> X Naumannella® 2564 @ ¥4 2 7E
20104F LA A AHAR B A B0 . TR, i 28 1) iiF
FOAHRIE . AT NI R A A2 P B 1 TRR A
LTI FE K 16S rRNAE A 7 51 AU <98.65%
Bk, AEIERICE R H & (dmycolatopsis) .

Angustibacter . I JE(Arthrobacter) . /N
J&(Curtobacterium) . Frondihabitans. Glacii-
habitans . Jatrophihabitans . Luteimicrobium5
NaumannellaEINFi A A H &G . L M MassiliaFl
Tardiphaga 21207 & rHH& UGS 1SR PR
115A-002811916S rRNAKEH T 51 55 Ho i 4 1 1
¥k Calidifontibacter indicus PC TW 02" i) f5 5 AR LI
H95.0%, TEHTERIISA-00281 K ik v I H
(Micrococcineae) G EIE) 16S rRNAKE K 751 #4)
R T, HARITSA-0028 175 B A= BR AR
(Dermacoccaceae) Wi AIEI— e 3, 103k
TR . XA,
Yy AR IR R A A ) o TR BRAR 2

TEAEEFRIEFT R, o0 B B 3 FE R 750 Y 1k
PEXS RN B A5 R AR B AR SEEG b
T FH 09 43 12 35 55 B UA R T4 S e i 0t T
M R STy, B B A RS T AT
BT A B SR X O TR o B A A R E R i o P
A IrETHARAY80.3%) o e H 41 1 78] 0] 2 1
T, B R R R, NI
JRAY R R E I, 2P TR
FOR /N AT PR 2 B OR

W S A AZ PN A AR Y A B R O A R
7N, BHRITI3A-00415, 113B-00706)I15A-
005851 1% & R R EE R, HTHIVIG P ik
99.9%, AUMIAFIGH i T62%; WFKI14A-00814%F
Jili 5 ve BRI . FmERIEHH22 . k5 2B LA
FABHIRERESOAYS s HAMEIVE T s 538 Obk Rt
FE2RD G PEA R B s Y R AR TR PSSR . R
A2 AR AN HA W ARG 2,
— LGN N A D REAE N ) A, D S Y
PR AR TR PR P it T BB

AT TR 3 2 A 245 HIAE Py 0 247 A2 9 A= 4
R ZREEEAT TR0L0E0Y, 2R3 T N AR TR
FEFR S5 S A BTG Y AR e EE B, AT

http://journals.im.ac.cn/actamicrocn



626

Hongmin Sun et al. | Acta Microbiologica Sinica, 2016, 56(4)

WA T RS 18 B . BT Z 8] A AR AR
, BL R ik — 25 35 A A T A A A A il

ar,

et TAMERTIIEER

2 % X

(1]

[2]

[3]

[4]

[5]

[6]

(71

[8]

CHImtEYAE ) SiHZE R s WIRAE YIS, KD TRk
A HRAL, 2004.

Guo SL, Li PL, Fang F, Huang H, Cheng CG. FTIR spectra-
principal component analysis of phenetic relationships of
Huperzia serrata and its closely related species. Spectroscopy
and Spectral Analysis, 2005, 25(5): 693—697. (in Chinese)

FOK R, 28, 07, wite, FAEIA. e R A AZ R sk
fIESE AR AIFT-IR E o 00 il 5t s, 2005, 25(5):
693-697.

Tondul LS, Testylier G, Masqueliez C, Lallement G, Monmaur
P. Effects of Huperzine used as pre-treatment against soman-
induced seizures. Neurotoxicology, 2003, 22(1): 29.

Ishiuchi K, Park JJ, Long RM, Gang DR. Production of
Huperzine A and other Lycopodium alkaloids in Huperzia
species grown under controlled conditions and in vitro.
Phytochemistry, 2013, 91: 208-219.

Igarashi Y, Miura SS, Fujita T, Furumai T. Pterocidin, a
cytotoxic compound from the endophytic Streptomyces
hygroscopicus. The Journal of Antibiotics, 2006, 59(3):
193-195.
Wei YZ, Zhang YQ, Zhao LL, Li QP, Su J, Liu HY, Sun CH,
Yu LY. Isolation, screening and preliminary identification of
endophytic actinobacteria from mangroves at Shankou of
Guangxi Province. Microbiology China, 2010, 37(6): 823-828.
(in Chinese)

WER, SRESE, BRHGF, 2K, TR, XILLT, FVERATL, 4
T AR A TR B R A | O e M2 M
WEE2F5E R, 2010, 37(6): 823-828.
Zhao LL, Li QP, Wei YZ, Zhang YQ, Yu LY. The
establishment and application of anti-Pseudomonas aeruginosa
cell-based screening model targeting to SecA. Microbiology,
2008, 35(12): 1926-1931. (in Chinese)

RAFIFT, FRHE, LR, Sk BB, A LiSecA Nl M)
BT AT TR 245 W A0 K T O AR L Py 2 S AR .
YrEE AR, 2008, 35(12): 1926-1931.
Zhang M, Xiao CL, Hao XQ, Si SY, Yao TJ. Study and

primary application of the screening model for antituberculosis

actamicro@im.ac.cn

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

drugs with DNA gyrase B subunit as a target. Chinese Journal
of Antibiotics, 2004, 29(12): 742-745. (in Chinese)

KU, HAERR, REZE, "R, BRE. LIDNARIERGBIY A
S S B BTEAZ 2 ) T AR B R S e . R AR
ZI47E, 2004, 29(12): 742-745.

Yang ZJ, Ding JW, Ding KS, Chen DJ, Cen S, Ge M.
Phomonaphthalenone A: a novel dihydronaphthalenone with
anti-HIV activity from Phomopsis sp. HCCB04730.
Phytochemistry Letters, 2013, 6(2): 257-260.

TR, 25308, NG, R RS —R I ik sl
B, dbnt: BRAA R, 2007.

IRFFIR, BEabye W LA T RGN T, Jbmt: Bl i,
2001.

Chun J, Lee JH, Jung Y, Kim M, Kim S, Kim BK, Lim YW.
EzTaxon: a web-based tool for the identification of prokaryotes
based on 16S ribosomal RNA gene sequences. International
Journal of Systematic and Evolutionary Microbiology, 2007,
57(10): 2259-2261.

Kimura M. A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide
sequences. Journal of Molecular Evolution, 1980, 16(2):
111-120.

Kimura M. The neutral theory of molecular evolution.
Cambridge: Cambridge University Press, 1983.

Saitou NNM, Nei M. The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Molecular
Biology and Evolution, 1987, 4(4): 406-425.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar
S. MEGAS: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods. Molecular Biology and Evolution, 2011,
28(10): 2731-2739.

Liu FH, Wang SB, Zhang JS, Zhang J, Yan X, Zhou HK, Zhao
GP, Zhou ZH. The structure of the bacterial and archaeal
community in a biogas digester as revealed by denaturing
gradient gel electrophoresis and 16S rDNA sequencing
analysis. Journal of Applied Microbiology, 2009, 106(3):
952-966.

Kim M, Oh HS, Park SC, Chun J. Towards a taxonomic
coherence between average nucleotide identity and 16S rRNA
gene sequence similarity for species demarcation of
prokaryotes. International Journal of Systematic and

Evolutionary Microbiology, 2014, 64(2): 346-351.



PMTHHEE | UZE2EAR, 2016, 56(4)

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Stierle A, Strobel G, Stierle D. Taxol and taxane production by
Taxomyces andreanae, an endophytic fungus of Pacific yew.
Science, 1993, 260(5105): 214-216.

Caruso M, Colombo A L, Fedeli L, Pavesi A, Quaroni S,
Saracchi M, Ventrella G. Isolation of endophytic fungi and
actinomycetes taxane producers. Annals of Microbiology, 2000,
50(1): 3-13.

Zhang LQ, Guo B, Li HY, Zeng SR, Shao H, Gu S, Wei RC.
Preliminary study on the isolation of endophytic fungus of
Catharanthus roseus and its fermentation to produce products
of therapeutic value. Chinese Traditional and Herbal Drugs,
2000, 31(11): 805-807. (in Chinese)

TRFLIR, FU%, ARl BAAOR, R, AU, BRI KEIEN
A L ) 53 B L R e A 24 TSR ORI AR T 5. rhi 2,
2000, 31(11): 805-807.

Rt MR E R PARET W AT BRI ST BT )RR
2B, 2007.

Weber RWS, Kappe R, Paululat T, Mosker E, Anke H. Anti-
Candida metabolites from endophytic fungi. Phytochemistry,
2007, 68(6): 886—892.

Yokota A, Tamura T, Nishii T, Hasegawa T. Kineococcus
aurantiacus gen. nov., sp. Nov., a new aerobic, gram-positive,
motile coccus with meso-diaminopimelic acid and
arabinogalactan in the cell wall. International Journal of
Systematic Bacteriology, 1993, 43(1): 52-57.

Phillips RW, Wiegel J, Berry CJ, Fliermans C, Peacock AD,
White DC, Shmkets LJ. Kineococcus radiotolerans sp. nov., a
radiation-resistant, gram-positive bacterium. International
Journal of Systematic and Evolutionary Microbiology, 2002,
52(3): 933-938.

Lee SD. Kineococcus marinus sp. nov., isolated from marine
sediment of the coast of Jeju, Korea. International Journal of

Systematic and Evolutionary Microbiology, 2006, 56(6):

[27]

[28]

[29]

[30]

[31]

[32]

[33]

1279-1283.

Duangmal K, Thamchaipenet A, Ara I, Matsumoto A,
Takahashi Y. Kineococcus gynurae sp. nov., isolated from a
Thai medicinal plant. International Journal of Systematic and
Evolutionary Microbiology, 2008, 58(10): 2439-2442.

Kim SJ, Lee SS. Amnibacterium kyonggiense gen. nov., sp.
nov., a new member of the family Microbacteriaceae.
International Journal of Systematic and Evolutionary
Microbiology, 2011, 61(1): 155-159.

Tamura T, Ishida Y, Otoguro M, Yamamura H, Hayakawa M,
Suzuki K. Angustibacterluteus gen. nov., sp. nov., isolated from
subarctic forest soil. International Journal of Systematic and
Evolutionary Microbiology, 2010, 60(10): 2441-2445.

Li AH, Liu HC, Xin YH, Kim SG, Zhou YG. Glaciihabitans
tibetensis gen. nov., sp. nov., a psychrotolerant bacterium of the
family Microbacteriaceae, isolated from glacier ice water.
International Journal of Systematic and Evolutionary
Microbiology, 2014, 64(2): 579-587.

Madhaiyan M, Hu CJ, Kim SJ, Weon HY, Kwon SW, Ji L.
Jatrophihabitans endophyticus gen. nov., sp. nov., an
endophytic actinobacterium isolated from a surface-sterilized
stem of Jatropha curcas L. International Journal of Systematic
and Evolutionary Microbiology, 2013, 63(4): 1241-1248.
Hamada M, Otoguro M, Yamamura H, Tamura T, Suzuki K,
Hayakawa M. Luteimicrobium subarcticum gen. nov., sp. nov.,
a new member of the suborder Micrococcineae. International
Journal of Systematic and Evolutionary Microbiology, 2010,
60(4): 796-800.

Rieser G, Scherer S, Wenning M. Naumannella halotolerans
gen. nov., sp. nov., a gram-positive coccus of the family
Propionibacteriaceae isolated from a pharmaceutical clean
room and from food. International Journal of Systematic and

Evolutionary Microbiology, 2012, 62(12): 3042-3048.

http://journals.im.ac.cn/actamicrocn



628 Hongmin Sun et al. | Acta Microbiologica Sinica, 2016, 56(4)

Diversity of endophytic bacteria isolated from Huperzia serrata

Hongmin Sun, Yuzhen Wei, Xiaomei Fang, Liyan Yu, Yuqin Zhang*

Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050,
China

Abstract: [Objective] To explore the diversity of species and biological activities of the endophytes from Huperzia
serrata that is a wild medicinal plant under state protection (category ii), and to discover and collect endophytic
bacteria from medicinal plants. [Methods]|Huperzia serrata samples were collected from Sichuan and Fujian
Provinces. Culture-dependent method was used to obtain endophytes from the surface-sterilized plant samples. The
diversity of the isolates was analyzed according to the 16S rRNA gene sequences information. Jaccard index,
Shannon-wiener Index, Simpson Index and Pielou Index were calculated. Then six screening models were followed to
study the physiological activities of the isolates, based on which we evaluated the diversity of biological activities of
the endophytes from Huperzia serrata and their potential medicinal value. [Results] A total of 356 endophytic
bacteria were purified from Huperzia serrata, and the analysis results of their 16S rRNA gene sequences showed that
they affiliated to 41 genera of 26 families in the phyla Actinobacteria, Firmicutes and Proteobacteria. The numbers
and biodiversity indexes of endophytes from the aboveground part and belowground part of Huperzia serrata were
approximately equivalent. Among them 11 potential novel species belonged to the genera Amycolatopsis,
Angustibacter, Arthrobacter, Curtobacterium, Frondihabitans, Glaciihabitans, Jatrophihabitans, Luteimicrobium,
Massilia, Naumannella and Tardiphaga, and 1 novel genus of the family Dermacoccaceae was discovered. The
screening for anti-microbial results from these 356 isolates were as follows: the activity rates of against Enterococcus
faecalis, Klebsiella pneumonia, Mycobacterium smegmatis and Xanthomonas campestris were 9.0%, 1.4%, 2.2% and
0.8% respectively. Of them 4.5% exhibited activities on the screening model of statins-like antihyperlipidemics
showing inhibition of Sporobolomyces salmonicolor SS04; 8.6% of them had the activities of against HIV-1. In total,
the fermentation broths from 74 strains exhibited activities on at least one screening model, the positive rate among
the isolates was 20.8%. [Conclusion] This study demonstrated that the endophytic bacteria from Huperzia serrata
were of great significant bio-diversity and antibiotic diversity, therefore, they could be an ideal microbial resource for

further discovery of new natural products.

Keywords: Huperzia serrata, endophytes, diversity, bio-activity
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