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Isolation, identification and preliminary investigation of population succession of

two endocellular bacteria from Acremonium strictum Gams.
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Abstract; Endocellular bacteria being localized or living inside hyphae or spores have been reported for a few fungi and the
interactions between bacteria and their host fungus may have potentially beneficial functions. Acremonium strictum Gams. is
a filamentous, cosmopolitan fungus with genetically diverse taxon and ecologically diverse distribution. As a polyphagous
fungicolous fungus, it is able to overgrow many other fungi though it shows commensalism interactions with Psilocybe
fasciata, a psychoactive mushroom as a companion fungus. Two types of bacteria, a coccobacillus and a long bacillus were
accidentally observed to be released from the disruptive gap near the dilatate tip of hyphal cell of A. strictum by scanning
electron microscope when studying the interactions between P. fasciata and A. strictum. The existence of these endobacteria
was further confirmed by fluorescence microscopy. In the present study, two endocellular bacteria, Acinetobacter sp.
Epbas6 and Bacillus licheniformis, were isolated from hyphae of A. strictcum and identified on the basis of their
morphological and biochemical characteristics combined with sequence analysis of 16S rDNA. The pattern of population
succession of these two bacteria during their host strain storage was also preliminarily investigated. The ratio of these two
bacteria was about 77.5 to 1 based on micrographical and statistic analysis of colony numbers from the original isolates.
However, in isolates of fungus preserved at 4°C for 6 months, B. licheniformis predominated over Acinetobacter sp. Epbas6
with the ratio being 50. 45 to 1. Only B. licheniformis was observed in isolates of A. strictum preserved at 4°C for 12
months. Consistent with above results, the 16S rDNA sequences of both bacteria were able to be detected by multiplex PCR
using specific primers from the isolate of A. strictum preserved at 4°C for 6 months while only that of B. licheniformis was
amplified from the isolate preserved at 4°C for 12 months. These results suggest that a complex interaction might exist

between the two endocellular bacteria resulting in a dynamic population succession in hyphal cells of their host fungus
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during spawn preservation at 4°C. Although results described here might not be an actual reflection of natural state, they
provide some clues as to what really happens in a complicated natural environment. Physiological and ecological
characteristics e. g. nitrogen fixation, production of antibiotic substances, degradation of lignocellulose and adaptability to
extreme environmental conditions etc. of Acinetobacter sp. Epbas6 and B. lichenoformis warrant further study to

systematically understand the interactions between these intracellular bacteria and their host fungus.
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(Pandoraea) I Ratstonia 41 B F30 2 Fh 281 o 78— 0 4 A MR 50 T 400 0 P9t R B 7 400 T, 72 XL £ Ot
( Laccaria bicolor) &I T 2EEHIFFE ( Paenibacillus sp. ) '), M1 ( Tuber borchii) % R 3L T We£F 4 1 ( Cytophaga
sp. )7 BT, XAE— A W% IR L B /N AR B ( Rhizopus microsporus ) 7 il [ Ji§ 2L T B B Ml - ( Pleurotus
ostreatus) "' i 22 ZMI N KB T A SO IR PR B
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Fig. 1  Bacteria releasing from the disruptive gap near the Fig.2 The cell nuclei of the endocellular bacteria in hyphal cell
dilatate tip of hyphal cell of A. strictum. Arrows indicate the of A. strictum stained with hoechst 33258 as arrow indicates

bacteria and arrow head indicates the dilatate hyphal tip of A.

strictum
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1.2 SEWHE
1.2.1 AR5

TG AL RS IR A T A 25 A A B e = B R 3R 2L (£ 5 250 o/L, #i%HE 10 o/L, BERERY 1.5 g/L),
28°C 150 r/min PR35 4 do B0 (3000 r/min, 10 min) YHEH 2244, FITCHE K B0 8% —IK, FEH 0. 6 mol/L
HEBEREELUER 2 Ko B 1g 21K, &I T 5 mLl. 5% ¥ RERG I W (lywallzyme, |~ 7R 4 18 A W BIF 5 BT 7=
fir, 1 0.6 mol/L H EREZACH]) , F 30°CH# LB 4 h &£ 4. BEfdY AR, B0l E R A KK, 0.6
mol/L H BB O URS 2 o JRAETRIATIVER 5 mL Z81B/K B0, Ir¥% , FIAR A U8 . J8W RS0 (5000 r/min,
10 min) , YT TCH K B L VER 2 IR, BERIFT 5 mL TEAKP . SRS FHIES WA E (5 R
) IR TN EE]. 5EYE SRS, W £ S A -3 (PDA) A, 28°C B B 3% 5%, 11 40 0 &
B, Geit BRI V% Ll
1.2.2 MANHERPIEEE

JL P9 40 B8 43 S g b S, AR 4R Y SRR AR R AR 3 AR AL RRAE, B R R R G Al F M) ERift AT
%%[13_14] .
1.2.3 JapN4HE 16S tDNA B354

W2 FhNE A - S EIE SRR, 28°C 150 r/min ¥R 1EESE 12 h, B0 (5000 r/min, 10 min) IRE R, ¥t
BTEERARA & (AT, TRH) BB EEF A DNA, RS54 BSF (5’ -AGAGTTTGATCCTG-
GCTCAG-3’) FIBSR (5’ -AAGGAGGTGATCCAGCCGCA-3") 1 16S rDNA J B, ¥k & f14 {45 HE Ibra-
him 289338 o YIRS I PCR §734 724, Se k& 3 pUCM-T 3 fk, 516 K B #T 8 ( Escherichia coli) DHSo B
MRo $REXT AR TR DNA , WES VI 3G 1E /G 2% AR T/ARIUSF o K DNA JP3I$23C GenBank, K132 H 5 .
PWAEZHTE 1) 16S tDNA J751] 5 5[5 & () DNA J7 51847 BLAST X438 , B E 4 IS A
1.2.4  RIRIRJERET [ A T0U 760 25 B P 240 TR R0 B 43T

Sy B ACHRIER 6 N H A 12 S A BB TR A8 M P9 40 78 , K5 40 85 0 8 O 2 BB Rl F R i B
(AMRAY 1000B) A4 W%L , 71505 MLEF, 115 2 FAl R Ll . BB YRR PDA V4, A KEITEH
PR, Gett 2 A v e v EL
1.2.5 RIRIRFERET [E) A TR 125 B Y 4H T8 16S rDNA 45 R4 751 43 #r

HRYE 2 Fh AT AH B 16S tDNA B 751, Wit e 38519 . A shFF &% 7451925 : BSF 1 Bu-2
(5’ -GTTCCCGAAGGCACCAATCC-3" ) , Ty 3 th 1025 bp ¢ FMEF 51 ; HbA ZFAUAT ol e 4 51 90 oy - BSF
1 Ya-2(5’ -GCCCTATACGAACGGTACT-3" ) , il 4 1! 473 bp B S5, $RE 4°C AR5 6 /4~ A Fn 12
A MR TR B3 254 DNA RS =52 E PCR ¥ 1, ¥ KR4[R 16S rDNA JF31 4"
W, Y= YIRA 1% BRREVESERE B K 2T o
2 ZR55H
2.1 S TOA L P 4 A PR 4 S R

R PR AE T AR A | DA TOU 760 26 T 22 4 L P 4 B B BRAP IR AT AR 2 MR B . 76 PDA AR b, 3RFFIR
R EIERTE , B2 0.8—1.8 mm, FLAM, REH B, DL, HEE, 2%, HEAT KB 3 A) ; KIiT
RHAW R VEERTE , B2 1.5—3.4 mm REH MR RS, VB (B 3 B) . BEkWLES , BRTFIR 4058 2 BUx HE
H), A 2R R BE R 4EAR ,0. 9—1. 6pum x 1. 5—2. 0pm (B 4 A) , TC2FHL, R8Iz 3l , 5 22 [RGB M, T H8 4
A, BB, MBS, R R EEBR AU, B T A EE, & 4 Acinetobacter sp. Epbas6, KPR
P A L ,0.6—0. 8pum x 1. 5—3.0pm( & 4 B) , TTHERE, GBIz 3h, 51 2= [RYL A FAME , B 27 A, 290 Hh AR 5k i
A AL , K FRUERD , V. PRI BRI , R FIATRBRER , b A ZEHUFT B ( Bacillus licheniformis ) ,

RENFFE 16S rDNA 514K 1530 bp, GenBank AN 5 EU252078 ; 2E 74T B 16S tDNA 31 4K
1543 bp, BANFEE S EU675997 . 4 BLAST # &K Xt , EU675997 51 53 R 2 v 59 > b AR ZE AT B T AR A
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B3 & BN AR
Fig.3 Colonial morphology of the endocellular bacteria
AT B ARSFT I Epbas6 B4 ;B : S B AL A AR B B 9% 5 C . AT ER EL 44 B W 9% 5 D 4 C AR 6 N H IV B AL 240 By
WK o WSk N M ZF T B TS , = Fs S S B R

B4 BENASHNARRENRER
Fig.4 Morphological characteristics of the endocellular bacteria
A S B EAG A BT Epbas6 ; B - - BEAIAL I A 2 AT I 5 C . B TR ER B0 B9 s D - 4°C AR 6 A IB A 7 B W i Sk Ak
AT, = MmN

IR 99% , BRI F] LABRIEEL 425 b 7 ; EU252078 J7 51 5 5 (H R & RN ShAF B (Ae. lwoffii ) 17 5] [RI U8
TR 99% , SEEBR 45 AN ShFF & (Ac. calcoaceticus ) AR PR AS B #F B8 (Ac.  rhizosphaerae) Fl 2 A ShFF & (Ac.
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Johnsonii) FIARUIMER Ry 97% i & )& T AT B &
2.2 UR[RIFR B T oA 25 H P 4 B A e 40 A

B E 0B, LA K 4°C AR5 6 4~ A A 12 A~ H BB Y s i a8 #1192 x 107 (1.58 x 107
1 1.51 x 107 cfu/g BB 22, MR (R 1) BERSBEY A 2 FAH, RhTE S, SR
T R A TR 5 EL B AT A EL 451 31 oA 78.4/1 A1 76.6/1 (K 1,83 C, B4 C) ,FE358 77.5/1 ;47458 6 I~ H 1)
SYESY) P BAFLEIX 2 FRAE A TS , (H AR ZEARUFT B 5 O3, AN AT T8 5 b A ZE T B 1 T % ) AR B Ak L 431
39 1/52.1 F11/48.2(FK 1,18 3 D, & 4 D), F-¥128 1/50. 45 AR5 12 > A M3 B W B R ST
B, RAFEEHARZF AT (R 1) o

®1 EMASAESBEVARRE. FAHFEMBRFRTRAEE LGB
Table 1 Population succession of endocellular bacteria in hyphal cell of A. strictum

A 4 CHRE 6 1 H 15 B 4 CHE 12 ™ H T EY)
i H Ttem Direct isolat Isolate of A. strictum preserved Isolate of A. strictum preserved
trect 1solate at 4 °C for 6 months at 4 °C for 12 months
BB (cfu/g W22 )
Total live endocellular bacteria/ ( cfu/g wet 1.92 x 107 1.58 x 107 1.51 x107
mycelia)
Bl A A SEHUAT B TV L)
Colonial ratio of Acinetobacter sp. and 78.4/1 1/52.1 0
B. licheniformis
R AR AT R L o i 0

Ratio of Acinetobacer sp. and B. licheniformis

2.3 AR[EMS R 1) B DAL B 4 B M A B 5 S DNA S5
KA A AMAZFRATE 16S DNA 551 A B v M
314, EHEY B 4°C{RHE 6 A R 12 4 A A T 5
B4k 5 BS Y DNA, R BURTE 6 A A B MR 1
HARSAFEIZ 1025 bp R A FEHIAT 24 473 bp Fil
RSP, TR 12 A~ H E A B 4 RAEY 1
REERUFFHIZ 473 bp (OBFFI(E 5) o 45 54E DNA
KA MRS HEERMEEEKER —BOHED e
SiE, A 43 B 3] 5 55 o 0 T 00 R T AL B T 44 4 M
N,
3 itig
SR B R AR , I O HL T 22 A L P 2 K
SYESH R ST R AR AT H B R A . 5 B
BN A R R A B SR . B
2\ TN R0k 5 9 B 4 SR — B, M N
UE, 2 BA BT 20 B 31 A 4 TR A SE oK B EL TR A 9 AR . BT E5 AESRNImyEER
MERZHAMAN BT RE S A HAxE R RN AE, R Fig.5 Amplification results using specific primers
FAAE VRS BEWEI LYK ( DGGE ) BRI Z43c (FISH) 46 A RAGIIRahiT I, B AL LA HUFT I, Y J 4°C AR 6
SRR LI — BRI B B AN ok A i (R RN CRED OB AL #530), M Jy DNA 205
TR, T LB L R
BIIIAEAE . BT P9 40 B O RD B 9T o L AR3E o SR 92T PCR (real time PCR) 168 rDNA Fb SCPE4y
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PréEEOR T LLE BT N 0TS 1E B AR AR A SR A0 T AP BRI R . XEERFSE IETE# T2

AT HTE ARAM 2 LRI e A EEFE BEEMAEE P A ZH, hTuEH
P RSy R E A ST, AT RRGLC 2800 R EE E s i R o SR, 78 HoAth AR
oA AR Z AN S AT B B R 1 A B 2 R AR 2 2 M R DR T S ST 1 (Ac. radioresistens ) W] LAFEff 4
M7, PDI2 BRREEMSIEREE Y o MR ZEHOAT B — A B T AR Y AR T A A L 1 A
KT A B E B VR B e IR BER S5 i, I MR T UR R A 7= e UL LA TS B 55
AR — O BEAR AT AR A AT B IR LB S L BRI A B B W AT IR N BRI R - R
BREAW' ™ o BB 2 F P40 0 A B A AR S R 1 T — 2 BT

TEBARAESETS , NS B A b A 25 F0AT B8 7E 18 3 0 T 22 40 B P9 3 [R] A= 0 5 (EOR S A i i R 32 4
(exploitation competition ) Fl1 T3 3% 4 (interference competition ) fE 7 7] GEEE 5% , [ G IE L b ; —FHERK
PP B TREFESE . AW, NTEFMEMRES B R EERMEEINRK. EEFRHE, FH
PIF A R T ShASF BRI . 1ESEI0 2 , AR AT B BE RBIE ML PDA iR B THEFRIREE (28°C) s 7EH
18 FEE AR AR |, A ZF AU BRI IR P HRHT BB 7 FU O RETE IEFFL I AS S T B 5, 45 3R 3 2R L
PR a4 BE 5 I, 8 G PR L, i A UG 22 W

MR SHE FEREAES X R RS, TR HARFE™ . AE T/ ORERE 24N
MRS /R PE R A PR E R, SRR ER'™ o EUIRTOFE 5 M P9 40 511 70 28 R 1 FR A 7 LR L AT 30 /]
HHEEREEVRER . B —F 1, WIHEE 15 (Agaricus bisporus ) 5 5L KB 3. il # ( Pseudomonas
tolaasii) I N %54 , AN KRG S B = AR BB ™ o ZEARSHAT BRI AR ZEH0AT 3 5 o7 F R TR S
AR ARRIFISTH , 1 S PRAT B L PN 20 T A TOU A 25 TR R, ZE 0 K8 2 i PAy 4 T A 2 R 1 ([ R
BB ARG SR BT N KA B SR R IR AR R ) R pH B93E REPESE ) R B X SR A S5
SRR BB VEEHT S A P 4 B P T A R T R G BB R4 T, DT T AR B A M PN A B S L TE
FHEESEIERLR.
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