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Isolation of cultivable endophytic bacteria from Didymodon tectorum and
effects of extracts from strain fermentation broths on host plant growth™

MA Yang, HU Sujing, WANG Xiao, WANG Lihong & ZHAO Dongping"
School of Life Science, Inner Mongolia University, Hohhot 010021, China

JAbstract] Didymodon tectorum, the dominant species in a community of biological soil crusts in the hilly Loess Plateau
region, was selected for investigation. Using traditional culture-dependent methods, we isolated endophytic bacteria from D.
tectorum and examined the effects of extracts from the fermentation broth of representative strains on host spore germination
and protonema growth. Sixty-eight endophytic bacteria strains were classified into Bacillus using 16S rDNA sequence analysis,
including B. subtilis, B. simplex, B. cereus, B. niacini, B. aryabhattai, B. pumilus, and Bacillus sp. The dominant species was
B. subtilis. Host spore germination was not significantly affected by petroleum ether, ethyl acetate, and n-butyl alcohol extracts
of B. subtilis DT-1 and B. cereus DT-9 at concentrations of 1 pg/mL, 10 ng/mL, and 100 pg/mL. Host protonema growth was
inhibited to differing extents by petroleum ether extract and promoted to differing extents by ethyl acetate and n-butyl alcohol
extracts at the three investigated concentrations. These results indicate that growth and development of bryophytes at the
protonema stage are closely related to the secondary metabolites of endophytic bacteria. This study provides a valuable insight

into the formation of artificial moss-dominated biotic crusts in arid and semi-arid regions.

E&gymb hilly Loess Plateau region; moss-dominated biotic crust; bryophyte; Didymodon; endophytic bacteria; fermentation
product
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Tl — 433, H AR RN 100, B 5 8 AR 2E TR AT B
DY-95B. cereus #53 £Inl—3, AR N100, %8N
WEREZEFFF T ; DT-175 B. niacini i FIRl—43 3¢, R
H86, WM SE F IR 25 M AT 1 ; DT-185B. simplex{s; T [F]—
32, FRESCHFARA100, A ] H2F AT s DT-225 B. idriensis

K1 EMEENERERRERSHEXERI6 SIDNAF I — B &

PEF Rl —3, F RS RA100, B %2 N BF T 25 AT 14 5
DT-235B. aryabhattaifs; F[d]— 4332, [ RS FFR K100, g%
FE AT G ZE AUAT B s DT-375B. pumilusti TIRl—32, HIE L HE
FHR100, B % N R/INZEHURT TR . v, D0 35T Ay il 55 2 41
FFBA, H BRI RE i o 15 B L TR AR AR 19 67.6% (3R 1) .
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A
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0B 2 3 A 2 A% S R ), AN TR A 1R T 46T kR AR
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Table 1 The sequences identify of the representative endophytic bacteria strains from Didymodon tectorum with their related strains

R HIR AR 51 — Pk PRREL A R AR AL LA
Representative strain Closest database match Identify (/%) No. of strains Percentage (P/%)

DT-1 Bacillus subtilis subsp. subtilis NCIB 3610" (ABQL01000001) 99 46 67.6
DT-9 Bacillus cereus ATCC 14579" (AE016877) 99 5 7.4
DT-17 Bacillus niacini IFO 15566" (AB021194) 99 1 1.5
DT-18 Bacillus simplex NBRC 15720" (BCVO01000086) 99 7 10.3
DT-22 Bacillus idriensis SMC 4352-2" (AY904033) 99 4 59
DT-23 Bacillus aryabhattai B8W22" (EF114313) 100 3 4.4
DT-37 Bacillus pumilus ATCC 7061" (ABRX01000007) 99 2 29

DT-17

86 -
100 Bacillus niacini IFO 15566
59 Bacillus bataviensis LMG 21833"
DT-18
100
23 4| Bacillus simplex NBRC 15720
DT-23
29 100 _
Bacillus aryabhattai BSW22"
DT-9
100 T
| Bacillus cereus ATCC 14579"
DT-22
100
Bacillus idriensis SMC 4352-2"
92 DT-1

100
Bacillus subtilis subsp. subtili NCIB 361 o'

DT-37

100
—‘ Bacillus pumilus ATCC 7061"

Paenibacillus agarexedens DSM 1327"

| e |
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E1 E-F16S rDNA =2 G 3T SIS RN ERE B R Gt (LR

Fig. 1 Phylogenetic tree of the cultivable endophytic bacteria from Didymodon tectorum based on 16S rDNA sequences.
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Fig. 2 Effect of different extractant of DT-1 on host spore germination.
CK: Control; PE: Petroleum ether extracts; EAC: Ethyl acetate extracts; NBA:
n-butyl alcohol extracts.
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Fig. 3 Effect of different extractant of DT-1 on host protonema length.
CK: Control; PE: Petroleum ether extracts; EAC: Ethyl acetate extracts;
NBA: n-butyl alcohol extracts. # P < 0.05 and ## P < 0.01 vs CK represent
declining; * P <0.05 and ** P <0.01 vs CK represent rising.
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FEEY) (PE) 7E3FRIE L33 (P < 0.05) il B 221k 11
i, R A B B 554N T pg/mL | 10 pg/mL. 100 pg/

23% M %
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mL, 100 pg/mL &b B 20 J i R R HE 3% (P < 0.001) , Bk
WITE B. cereus DT-9RY BT & T, A ik 26 B T4 il 7
F IR Y . LR LR B R 3 v FE BB 3
Mo I 22 R A A A 3 i S A EVE A, 100 pg/mL2E 5l i & (P
<0.01), 1 ug/mL, 10 pg/mL. 100 pg/mL¥E & F I 225K
T MR (19 1.38 , 1.56F111.684%. 1T B (1) 3/~ ¥k JiE Ak B 4 v
JE 22 A BE R L PE FFE (P <0.05), A5 % RRZH Ay 1,19,
128, 1.22f%, Ui 1E T mHL 45 4 ] LA o IR 224 ) il
HRAR A RO NT O BR R 1R B

]22 L 8 CK 1 pg/mL B 10 ug/mL @ 100 pg/mL
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Fig. 4 Effect of different extractant of DT-9 on host spores germination.
CK: Control; PE: Petroleum ether extracts; EAC: Ethyl acetate extracts; NBA:
n-butyl alcohol extracts.
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Fig. 5 Effect of different extractant of DT-9 on host protonema length.
CK: Control; PE: Petroleum ether extracts; EAC: Ethyl acetate extracts;
NBA: n-butyl alcohol extracts. # P < 0.05 and ## P < 0.01 vs CK represent
declining; * P <0.05 and ** P <0.01 vs CK represent rising.
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