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Isolation, identification and characterization of suspected
pathogenic bacteria from lower termites
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Abstract [Objectives] To investigate the characteristics of the pathogen responsible for some termites developing a red
head before they die. [Methods] A bacterial strain was isolated from termites with red heads, cultured and purified and
identified using micromorphology, Gram staining and 16S rRNA gene sequence analysis. The conditions under which this
bacterial strain produces red pigment and its fermentation products were investigated using liquid chromotography and mass
spectometry. [Results] The termite was identified as Reticulitermes speratus and a red pigment-producing Gram-negative
bacterium RS was isolated from the head of this species. 16S rDNA sequence analysis identified this bacterial strain as
Serratia marcescens. The RS strain is, however, different from most other S. marcescens. It continues to produce red pigment,
identified by HPLC as prodigiosin, at 37 °‘C. [Conclusion] This study is the first to isolate and purify a
prodigiosin-producing S. Marcescens RS from R. speratus, which lays a foundation for further research on the biocontrol of
termites and the production of prodigiosin.
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2011) o HE ORI S BORH) — 2R AR A L
5% b R @I . O A HBOA RARAFE i, H
RN S A 2RI A A, FRA Y TR R4
AHHA

BT VP 75 G Serratia marcescens S22 24 [
FAME40 B, & B FT B R (Enterobacteriaceae) V) 7
[KHJE (Serratia) , MK/ E— b H A
EE/N B ERE) ZAETHRES, —K’
NN HARFEBOICRE , e WimiE i w Wi, B
I A SRR B 22 AT R K 2 8 iy —
B SRR R

ZHE TR HICER AN RELLE
( Prodigiosin ) HYZL{4 % ( Hejazi and Falkiner,
1997) , WHE"E—LeHADL G Yy, anm] HIfEA:
YIBiia R A JLT Bl ( Paranietal., 2011) o R
W% (Prodigiosin ) J&—28 5 3 ML ARG /N
e, BADIERE . HE. A .
P IR, TEBRZ . k. iSRG
Az (RIBefess, 2010) o RHETLRTE
PR, FTFAERSRBURME T i A,
AI A 7 09 47 ik & B9 %5 in s 43 ( Darshan and
Manonmani, 2015) .

AR SCHR B DA S 5 2 5 7 i HE K B
— kR R R RV IC RS B, XL
MR RIAT T 82557,

1 MREFE

1.1 ##

111 B8 Bl E 8 A ia pse e
ANGCREFH SR, iCE T4 w8 &
FRAFE, STECEAM I E K, SRR
TS5

112 {EEMRF s (OLYMPUS), &
f# % ( OLYMPUS ), PCR ( Polymerase Chain
Reaction, & HHER S ) X ( Bio-Rad ), Ezup
B3R 2 DNA sl & (il Tk
Y TRRMAERAT ), E. Z. N. A.™ Bacterial
DNA Kit (OMEGA ), Premix ( Takara), 5|4
A, PCR PN E (i T A TR A
FRAH])

113 #ExHE  OLB ( Luria-Bertani ): & H K
1%, B 0.5%, NaCl 1%, BilE 2%, pH
7.0-7.2, @E K—5 : AIEHETER 2%, KNO; 1%,
K>HPO,-3H,0 0.05%, NaCl 0.05% , MgSO4-7H,O
0.05%, FeSO4-7H,0 0.001%, 3 1.8%., @PDA

( Potato dextrose agar, ¥ AR ): &
AR M 1.2%, HI &I 2%, B8 1.4%,pH 5.6,

12 7i&

121 B EWA DNARBESFELEE HCRA
BUSRAH I T 5 2, g IMTL, 75%4
BV VEFTIONER , B TR T U1 LR, U
13k 5 F 2 4~F44+ 2 mLEP ( Eppendorf)
(I N R0 S Y A Y P N
Mo KFBFESHALBETE G S I 1A T Ezup 4
KXY 4] DNA il 48 3K 551 & Ui BH 45 32 Hi
DNA,

FHI5IH COIl F 5-TCT AAT ATG GCA
GAT TAG TGC-3'F COII R 5-GAG ACC AGT
ACT TGC TTT CAG TCA TC-3' ( %— T4,
2017 ) 4744 RV ERHL A B 2k & DNA i (52
AALEE T HH . PCR VAR (50 uL ). FEH 4
DNA 1 pL, dNTPs 4 pL, 100 pmol-L™' COIl F
1 uL, 100 pmol-L ™' COII R 1 pL, 10xTaq buffer
5uL, Taq 1 pL, ddH,O ( Double distilled water,
XZEIK ) 37 pL, PCR Ji 5. 94 °CHiAek
5min, 94 °CZ4:30s, 50 °CiEk 30s, 72 °C
FEfF 100 s, 30 MEFR, 72 CZAEH 10 min,

PCR S 5E G % PCR =¥ kA7 B e it
SR a1 IR i G L R A ) e & A IR/ B o
B Y, ARA% A9 ) 5138 2 NCBI ( National
Center for Biotechnology Information, 32 % [/
A FE ARG B ) M T BLAST ( Basic
local alignment search tool, & Jay# Lo X 516 1Y
R TH) ZRRITIHXT, Wb
122 H#MLBERS4L Hacayiiuh
BT, W EE K, R W, TE
i 5 R BB S A LD AR R I (2
15 H) AER XTI IEH A8 (25 15 H) Sk
YITK, BTWADREANEKN 1.5 mLEP &,
FEWIAE S 12 000 r/min &0 2 min, FERE AR



2 3 B ST A5 I I O R 1 23 8 S S RIS - 447 -

i B LR BT EPAY, TR, AR5
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i) PCR ¥ ¥4, 5l %)y %5 K . 27F .
5-AGAGTTTGATCCTGGCTCAG-3'; 1492R :
5'-TACCTTGTTACGACTT-3' ( =M%, 2011 ),
PCR RH] 50 uL K&, {245 Premix 25 pL, 5l
YI27F 1 uL, J5 519 1492R 1 pL, B4 DNA 1 pL,
ddH,0 22 uL, PCR J WP E A : 94 CHiAL
£ 5 min, 94 °CAEHE 305,55 °CiBk 305,72 °C
FEMF 100 s, 35 MEFR, 72 CALEH 10 min,
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MR LA AMMBEE , BT ZE A, B
= AR AR R R H o il e 78 &
ar L AR A ERA I ZE L e 4, (LR D
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TR AR B, 10 000 g #.0 10 min, HU
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WA A UK, WshA B: O ; VR EEANT
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CE TR IS BTEIH (LC-MS) 0¥, 4&1F
Wr: EFUE: BSI IEEF; MR C18;
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65 [ Reticulitermes labralis isolate AH4

Reticulitermes chinensis isolate HB4

47

Reticulitermes tricholabralis isolate Rt01-China

Reticulitermes planifrons

47

87

100 4|;Reticulitermes leptomandibularis
85

Reticulitermes aculabialis isolate AH10

Reticulitermes speratus isolate Rs3.2.3

[ Reticulitermes speratus isolate Rs2
100 L— A Reticulitermes speratus isolate JMT1

Reticulitermes dichrous isolate Rd04-ZQ

S|

0.005

Reticulitermes grassei isolate RET-GRA

B 1 #EmIMTL ( AfRiE) B CONERM S Fi#t it
Fig. 1 The molecular evolutionary tree of the COII gene from the termite JMT1 (Marked with A)
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B2 BREYUERBREES
Fig. 2 The morphology of the diseased
termites and the pathogenic bacteria

A fRFIBET IEH S SR O T s B R RS By
FHILAFHIE; C. TEPR RS %22 [RGB WA R
A. Comparison of normal termites and diseased termites
under anatomical microscope; B. Morphological
characteristics of strain RS culture; C. Observation
results of strain RS under microscope.
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LLERMERINGEEST, RO ME, 28 C
Br g A e 4T R

HL YR (/] 2. C) B, jiEse

I E R R L RBAYE R . BB AR,
REEWN, A RIBFFERY 1/4-1/3, % 24 RS
R S

2.3 16S rDNA BEFI 447

By 4 BLAST J5, %@ Ek RS
HEFRVPTEIRE Ver 38 F kK 16S tDNA JF41( &
S5 MH177877 ) AHUE S, 5 99.93%,
EZHE N VPR G Serratia marcescens., A
Pk RS 4 16S rDNA J¥41] |- £ % NCBI ) Genbank
BRI , B 550 MN411566, F AR (& 4 ),

24 FUBERMNEZEEFRERER

241 BENIBEFEMNEMmM 28 CHIF
PRI (K 5. A), 37 CREFRRF= 4T
R, BHEAR (F 5. B), 42 CRIFRAM™
A (K 5:C), M 42 CRiFEEMHER %2 28 °C
HREERE TR G RE PR (5. D).
242 SEEMABETEMNEM 30 CHEK
Rigt24nJm, 25k /10 BEEM (5mL) WE
WALEER 1/5 BAE AT (10 mL) R AR
Path; 48 h )5, 4k 1/10 EAF (5 mL)
MR PRAT (0, 22k 1/5 AR (10 mL)
IR AR ZILLAE (K 6); 30 CHRZLERIRES
IR 2d, ZRRREIZk,

25 4fBEH HPLC 1 LC-MS SR
HPLC Je/rdr BAsfb &%, LZBAE 535 nm
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Fig. 3 Spreading culture on different media

A. B, CHLBHY;iF¥; D, E. FJyPDA Hi5isk; G. H. I &L~ SRk,
A, D. GAMERRER B B, B HONEURFEAPHEWG C. FLo 1MIESREA BT o
A, B and C are LB medium; D, E and F are PDA medium; G, H and I are Gao's No. 1 medium. A, D and G are from
supernatant of unhealthy sample; B, E and H are from unhealthy sample slurry; C, F and I are from normal sample slurry.

47 Serratia marcescens strain Ver38 (MH177877)
59| Serratia marcescens strain VIT E-031888 (KU321262)
86| ASerratia marcescens strain RS (MN396719)
100 Serratia marcescens strain S3 (MK411566)
88l Serratia marcescens strain L1 (EF208031)
L Serratia marcescens strain H3010 (EF194094)
100 Serratia rubidaea strain DSM 4480 (AJ233436)
L Serratia rubidaea strain SNAU02 (KC560769)
60| [ Serratia odorifera strain Behbahan 9B (MN241913)
100 Serratia odorifera strain A9 (MN190253)
Escherichia coli strain U 5/41 (NR 024570)

|
0.005
B4 EHRS (AWRE) MO FRERZEM (55 MK GenBank 5 )

Fig. 4 Molecular phylogenetic tree of Serratia marcescens strain RS (Marked with A)
(GenBank number is in the bracket)
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B 5 EARERETEFRNEKRS
Fig. 5 Culture results of strain RS at different temperatures
A.28 CREFREEIR; B.37 CREFRGEH; C. 42 CHFREER; D. 42 CHE 28 CRIFREER,
A. The culture result at 28 °C; B. The culture result at 37 °C; C. The culture result at 42 °C;
D. The culture result at 28 °C after being cultured at 42 °C.

WESEH S, 7F 12.5-13 min I H—IE{H,
5REAEMEFAA . W Z 4T LC-MS K
AT 7), 10-11 min H g, %@ ErE

B 6 ARERTHREEFUTLE
Fig. 6 Comparison of cultures under different
oxygen content conditions
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Fig. 7 The LC-MS analysis of red pigment
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SN Di e A SEAR G~ e S U VEDO s e a8 ML K8
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RIAXT R, LR R Ui AR £ 2
LAY R E

3 HiSiti

AT 0 P Sk 38 4 8 418 7 40 60 2R 1 4
W E RE, Hm AN ez REL
R, AU B B TR EAA T AE T SRR
Ha G RZ M ZIRE A E®EHNERE
TN

H AT, TR IE ARG BTV T TR AR A [
A 3£k Ht Caenorhabditis elegans . %X & Bombyx
mori L.. #%ff Siniperca chuatsi %14 £ #h/Ni 5
Y% 5% Aegypius monachus. /K54 Neovison
vison “FRASY A pIET: (AR, 2014; 5Kt
WS, 2015; WASSIESE, 2017; WRERSE, 2017;
WFAE, 2017 ) o FEBTIA T R AU d AT —Leff
SEARIE , BV E IR BB 3 BUKIE Sesamia
inferens ., —fL & Chilo suppressalis . #& fF &l
Nilaparvata lugens (Stal)F12 M1 Nephotettix
cincticeps (Uhler) . ¥ JI¥ /]y 4% #2  Oedaleus
infernalis Saussure 55461 ( 2258k, 1982; &4
S, 2002) o BBV ERRERE B E

( Proteobacteria ) AT W EHD T [NHEJE, ZIEH
& A E A R R i E 2 1282 — (Otani
etal., 2014) , PRUHCFRATHENI R B0 75 R
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JEB IO FORES T AR T, TR E R T
AR BN, fEE FIUE B T A
ENERSY Sy AN R S L&k e B il
TRE (A%, 2019), S0+ bk 4%
FIL, 284 i R AT DARSE T 738 th R b 7
TR BY4RGE , A58 1 A IE AR S5 i 432
132 RFLZ R BD H IRA

BV ER IR E RS 2088 F IS WO ik
W, IF Bk A B R L ek 0y F sk
BB, AEN XA AR . 1) HBCLER R
SRANRALLE,, (BAE O, 24 TR @R
R, BMAT LA 88 2] L R VD
o 2) TERIRAET 0 IR I, 40 R 2
B A, ARSI SR Jek R P B A P A A
A TR A, TSR 2RO AR
EILAE, HIEg 2,

T S22 v b 7R IO 1 R 7 i, 2808
PRTE 25 CHFRARMF T RELA AR, 37 °C
ArEA2 62 (Williams et al., 1965; Fiirstner,
2003; Slater et al., 2003 ; Suryawanshi et al., 2014;
BUT A, 20145 WRERSE, 2017) , WG EH 1
HT B AR RS BTV ER G SMIL 7E 37 °ClL
AP AR (AR, 2019 ), AHFFE R
SER R A B A B A BE VD B QA RS B RE
18 37 CAyl PR AR, B HEA —E
T PE o Ao il A AR B bR
37 CPPRWARMF DT INE (RIS,
2013 ), XHEEEF” RIFLLER MR TR0
Br (ARITAE, 2014), HEERZWRBITRALA R
HEAT o O TILBDN IR 7 T, R BTD R IS
PR R - O SO T O e (AR
2019), F—HALEMIAFEK RS XHERAIL
O R BOp I, X S SOR S R B v TR G A
I 52 T 21 28 78 A2 W B 16 45 5 T ) I B e
FEat .
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