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—HREFZBEREFEENSTE. SERHE
b YRR o iR

ZH OLES EW OBWY NE EUF
BV A s i e A = ks b BV P 710043)

B ZE (BN AZAC LR REYYIG SN, ZLR TER IR LGHRAEY
RS = ) B e QAT TR, B EHIEEFEHATRREF. [ RA TR B 7 ik,
SBAET AR ARG MAENER, BRIBES. ARAME S TEDFREZAMN, X8
FBEFTERRRMZY. (LR AARR LIEHRFT S BRFARTREEET 2E
EERARE Str4331, ESREAALAAATLAEE, PAKERET LEE, &
MR Ie T LBnt, RTHELEZREAY, B3HE5. ABA T EMTHE Hh#EE
B . A1 ClustalX 2t % 16S rRNA #4745 7| e, A Neighbor-Joining (N)MZ A %X &
#, JF A Bootstraping % x E M. FTBRLREAH, ZRARAIN SR LHETH
(Streptomyces lateritius) LMG 19372 X & & 7| A 99%4 &k S AR, M H RIS A H, Fi4
FUEAERGAE LR A mMEAEN. EFAKERTREMEA pH 0 Ribm T, &
ESMRT 3 AEZRMNAW, 5T EH A H 557.68. 588.43. 485.18 kD, HF 5T &4
557.68 KD & 5 H 4% B o F & —2. [ 1R4E #1469 16S IRNA A 7| A4 R,
oA A A T A b, B MR Str-4331 )2 & h A er s B H (S, lateritius).
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Isolation, identification and bioactive metabolites property
of the strain secreting violet-blue pigment

AN Chao MA Sai-Jian CHANG Fan ZHEN Li-Sha LIU Chen XUE Wen-Jiao™

(Microbial Metabolic Research Center, Microbiology Institute of Shaanxi, Xi’an, Shaanxi 710043, China)

Abstract: [Objective] In order to investigate microbial diversity of the Qinling-Daba region,
collect microbial culture and metabolites aimed to screen for active compounds, and establish
the collection database as a platform for sharing inform. [Methods] The microbial strains from
different habitats were isolated by the different methods and identified by physiological,
biochemical and morphological characteristics and 16S rRNA gene sequence analysation,
while the microbial metabolites were prepared for screening for active compound by fermen-
tation in shaker flasks, extraction with methanol. [Results] An actinomycete, named strain
Str-4331, was isolated from a soil sample in the Qinling-Daba region. It produced gray-
ish-white aerial mycelium and solvable-violet-blue pigment on Gause’s synthetic agar, micro-
scopic observation revealed that it produced helically spore hypha, the spores were elliptic to
oblong. It was primarily identified as genus Streptomyces according to its morphological,
physiological and biochemical characteristics. The 16S rRNA sequence of strain Str-4331 was
analyzed by ClustalX, the phylogenetic tree was derived with NJ and analyzed with bootstrap-
ping. The results showed that the 16S rRNA gene sequence of the strain Str-4331 shared the
highest identity (99%) with that of S. lateritius strain: LMG 19372. The antibacterial activity
of the extracted metabolites was determined and the results showed that the metabolites had
the activity against the Gram-positive bacteria. The aqueous solution containing the metabo-
lites showed different colors under different pH conditions. Liquid chromatography-mass
spectroscopy analysation showed that the metabolites produced by the strain Str-4331
composed of three main compounds with the molecular weight separately 557.68 kD,
588.43 kD, 485.18 kD, while the molecular weight of granaticin B was 558 kD according to
the documents. [Conclusion] The strain Str-4331 was identified as S. lateritiu from its
morphological and cultural characteristics and the 16S rRNA gene sequence. This is the first
report that S. lateritius strain was isolated in the Qinling-Daba region, and this study provided
basis for the further exploration of the strain.

Keywords: The Qinling-Daba region, Microorganisms metabolites library, S. lateritius, Granaticin
B, Mass spectrometry analysis
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SEEN NG A 213 HEECH (M HORIE T E
P R A ) rh B R B A T M
A, B B RS PR R B AN BT, A& 3R
BT ARG AR RIAER S, ZESEBRESE o,
AL AN TR oL 2 2[RI AN ) PR i 7= A 14 AR
PR IRKANF] o BT RIR— BRI = — Rl
LRI G SR B R e

AL TR 1428 U L XL o T R
HR WA AR, R R U A
KFR . TR A AR MR R A R AR R,
PRSI BT KK R 1870 7K U R ] i i
SAC AT i A, 28 L XA YO TS
NIRRT R R I Z —, Bk
“EIR R RIRIEH TR, AR
HAGEP A, A7 TR I XA A5
PEP R R AT Y, RRFE DX
AW BRI RP SRR 2R, DA A
R AR W B PR i e B P 65, [R] I A ST AR
B o M e PR = AR &, 3k
WA B (E R A AR . AR SCHRGE
—HRED 2R AR R K MR
PRI T o

1 MEENE

1.1 ##l

111 FESRSEE: 93/ B AL AR IE T 2009 4%
LN ZR I L DS RDER R RAESE (5 L
AN Filb 25 AR PRAE) 148

112 FEEFEMME: B R ER R
F G 1 SRR R R MR IR, WA
SRUE D Rr Uk A3 = SR TR ERES TN
Rk, R GF254 (10 pm—20 pm); FE%
% FE R A F W B A TSQ Quantum
LC-MS, €[ SSI RO AH 3 B4 Series 111,
Discovery 18 %44 (5 um, 250 mmx4.6 mm).

1.2 WHZE

1.2.1 BEHS BRARE: BREN HREA SR
KT, SRHAIBEEERRET-AlGEE, FHESHN T 50 mg/L
BRI G 1 SR TR A o, B
T 28 °C, ZlifbiAbk IR/ E—80 °C M {RIR VKA .
1.2.2 BEFEFMEREBE TR SREPREEE
AR R AT S0 T B 15 35 R A AR BT R A
BB IR LA T B R AR R T, R R 3
A:1SP2, ISP3. ISP4, ISP5, %Xl FHE | WK
BiFRdk B FRBIE . PDA AR, 28 °C B53R 7.
14, 21, 28d Jar gl s BN 22 . R4
P22 I RAB B S R R . A AR E S
HRSCHR[8] T 4T o

1.2.3 16S rRNA ERFEFINERRFLER S
#r: DNA $2HCR AR £ (TaKaRa MiniBEST
Bacterial Genomic DNA Extracion Kit ver. 2.0),
PCR & f5|#): 27f. 5-AGAGTTTGATCCTGG

CTCAG-3'; 1504r: 5'-AAGGAGGTGATCCAGCC
GCA-3',50 pL PCR #"#% it {4 % 5.0 uL 10xTaq

it 2% pi, 0.4 umol/L 5[4, 4 uL 200 mmol/L
dNTPs, 40 ng DNA #fz, 1 U Taq fiff(TaKaRa),
34 uL ddH,0. PCR W F2J¥: 94 °C 5 min; 94 °C
1 min, 56 °C 1 min, 72 °C 2 min, 3t 30 MIEE;
72°C 5 min, [ H M B, W TAER AR
PR (AL 3 A BR 2wl 58 1 o K BRI ) 16S rRNA J7571
KA ClustalX 1.83 #{UFH T RGE AT M, R
FH 48 42 3 (Neighbor-Joining) 1 47 5 24 /3 #r 102,
FH MEGA 5.05 #4 fE S B T AR R G HE LA

124 KEFEREWIZ: KBRZE 6 000xg &
0 10 min, EREVESMES . AKEAR B R O
R IR, AT ekl Hoas T 44X F 50 °C
JE e e i R AR W, ik H B BT A, AR
T-20 °C b LA LBRAS BT, HHas T, Y
A2 28T TLC (Thin layer chromatography)/4y
Br, A H B B AR, R R I SR S
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f=8:1 (VIV),

125 EBRFBHEREZEREEHES KA
FHIRPYIE A pH RKIEBD, EEH
Ak, SR BRI IR TE R WA LI R
WG s e S B e 284k

1.2.6 HBRMBEFMERI: BLR KRRk
FpFH5 5% 30 °C., 180 r/min HRi%155% 48 h, %%
AR TERFE Y, IR T A& T 120 h, #5450
TG PR3 AT R I 3R B 53k 1ok 000 2 4100 57 P 1) R/,
S R B 2E AT 7R (Bacillus subtilis) . K FT
P4 (Escherichia coli) . 4 ¥ & % 4 ¥k &
(Staphalococcus aureus) . % # 7BR & (Micrococcus
luteus) . ##)FL T (Lactobacillus plantarum) . H
{055 BR B (Streptococcus albus) ., 2B & 1E Az
TARE, HERTR AR H A B AP B PO R
127 £BZHEHHPLC & HPLC-MS 24 {4
ML) FH B, HPLC A3k 4544 -
A=520 nm, Jishiih 65% I, HiE 25 °C.
HPLC-MS #2517 HPLC &l .

2 GR59H

2.1 kK Str-4331 B9 REFE
211 TS AW R L fEEKL

AR, T 28 °C 1537 120 h AT LA WL
Str-4331 BRI AR 22K A B Bk a6, T,
Wk, A, T, Wiy, A
T, L0, FEN W2 EIE R L AR
B, PEAE R ),

212 HEAVIEIRNERISFREMER: M
AALAE RN E SIEFRRAE LR 45 0L 1Rk 2,
M 1 W5 BMRAESRIREE AL I, AUE 2%
o, BAERRe, EEREEGA; K]
ZZHNR(ISP3) . TCHLELTEMINR(1SP2) . BERbHG
X HEREBUR(ISPY) . A M B (1ISPE) K R 3 I,
SAEWLKAM . B, AR A, ISP2,
ISP3 e Herh ™ AL AV (L R 2K B, iR 2 4%
AL ZBERRRE AR HoS, REIKARTENT, BEfER
WAL, e A 558 [ sl iR ik, AR EAA
oo XRB IR AR HZE RFI, TR AT LA FH A %
Wi D-S0E . B, LB, ZZ 205 D-BUHL
Ak, ILALEE, AFIFHZLEE . D-H#ERE,

213 RFEEZEWRIME(E 2): PCRY B
HERIE A (A6 50) A BR 2 FI P 58 1, HLRTi 16S
rRNA JEFIHKE } 1 440 bp, Jf#23¢ GenBank i
W %5 JQ 753068,

B 1 Bk Str-4331 Ei%
Fig. 1 Colonies of the strain Str-4331
HAISP2; B: /I 15 C: WAMIEA (1 000x).
Note: A: ISP2; B: Gause 1; C: Optical micrograph (1 000x).
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F 1 T[E#E Str-4331 1535454

Table 1 The culture characteristics of the strain Str-4331 in different medium

Fr Rk AR SENH 22 SUERZ [EF N
Medium Growth Substrate mycelium Aerial mycelium Pigment
e T st Wedk . IKF .
Yeast ext-Malt ext agar
ISP3 - o A
Oat meal agar R Ll KH +
ISP4 “E P Py q _
Inorganic salt-starch agar Bl Rafe BHE
ISP5 - ‘ : ~
Glycerol asparagine agar aE REE RHE
B =
s i e KA +
Gause’s synthetic agar
Padph . ,
Sl T st st .
Czapek’s agar
s B
ol i BE KA .
Nurtrient agar
e T et Wedk . JKF .

Yeast ext-Malt ext agar
TE:+ PUERNAMEGER, - AP ETREER.

Note: +: Diffusible pigments were produced; —: Diffusible pigments were not produced.

3 2 Bk Str-4331 BRiRF) AN AE 3B A (LR

Table 2 Utilization of carbon sources and their physiological and biochemical characteristics of the strain Str-4331

{2078 4 ! A S5R
Carbon source Result ! Physiological and biochemical characteristics Result
D-Hf i b . LR F K )
D-arabinose | Hydrolysis of cellulose
D-SfeHf . VERK .
D-fructose 5 Amylohydrolysis
g B I IR S .
Mannitol Gelatin liquefaction
R . PERRALE N
Rhamnose i Production of H,S
WLE . iR _
Myo-inositol | Tyrosinase
D-fii ik . TR .
D-glucose | Nitrate reduction
A2 3P H . AL .
Maltose 5 Milk solidification
ik _

Lactose
L1115 .
L-glucitol ;

L+ PR — B RO

Note: +: Positive reaction; —: Negative reaction.
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Streptomyces omiyaensis NRRL B-1587" (EF178697)
Streptomyces wedmorensis NRRL 3426 (DQ442557)
Streptomyces zaomyceticus NRRL B-2038" (EF178685)
Streptomyces exfoliatus NBRC 131917 (AB184324)

26

24
100 | Streptomyces lateritius LMG 193727 (AJ781326)

Str-4331 (JQ753068)

Streptomyces litmocidini NBRC 127927 (AB184149)

Streptomyces yerevanensis NRRL B-16943" (EF178684)

Streptomyces narbonensis NRRL B-1680" (DQ445794)

Streptomyces helvaticus NBRC 133827 (AB184367)

63 [ Streptomyces rubiginosohelvolus NBRC 129127 (AB184240)
100 | Streptomyces albovinaceus NBRC 12739 (AB249958)

88

73

Streptomyces termitum NBRC 13087" (AB184302)
Streptomyces filamentosus NBRC 12767" (AB184130)
42 Streptomyces showdoensis NBRC 134177 (AB184389)

A
0.001

2 ETF 16SrRNA FIIHRFE LB R
Fig. 2 Phylogenetic tree based on 16S rRNA sequences
TE: 55 0 GenBank %5585 732 LIECT N A RE F 73 L, kB 0.001 M H R R,

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each branch point is the per-
centage supported by bootstrap. Bar: 0.001 substitutions per nucleotide position.

214 KBREE: MEBWIEIT TLC 28k
B, FAREW) P A AE A E R (0 4H 4> B1.B2,
WE 3 Fras, RefE4391 o 0.331 A1 0.732,

a b

3 ZERCZEHRMBIERRIE

Fig. 3 TLC of the ethyl acetate extracts

TE: a: 10 mg/L BRLEEYI P A b: 1 /L HORLERY) H R .
Notes: a: 10 mg/L of crude extracts methanol solution; b: 1 g/L
of crude extracts methanol solution.
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215 RERAMEREFTL: LKLY, &
PEEFEREEOR, BRTHE., 8. N
B A HLE R, AERRVEIR ST o re 208, 7E
PERREE O S @, FEBRTEIRSE B Oy (K 4),

216 ZHEBRFRMENE: LEERY, Monde
EOHEERE . AR ZRAT R . R RORTE, A

4 EFT=ZBRFMBMEERALRE pH KiFEPHE
Tk

Fig. 4 The dissolubility and color in the different sol-
vent and varying pH condition

A CRRCTR, B: LB C: HEE D: KIS (M), E: 7K
R (RE); B 2KV ().

Notes: A: Ethyl acetate; B: Ethanol; C: Methanol; D: H,O (H™);
E: H,O (neutral); F: H,O (OH").



LA —REY 2O AR ES S SR Y R 449

FEYITE 0.1 g/l AOMRUR BT 240 WY A A 41 g el 7
Ao Al 5 PR FIIHO 22 [CRH MRS P A 3
SRAGIENRIVE T, SR FE T XA A B
A IR, % 3 B A 22 [ PP it
ARV RRFE P A FH o

217 ¥BEMHPLC & HPLC-MS 4#f: HPLC
SRR, BOREBRYTES 2 HFEEN,
5 2.1.4 WE45 R —5, HPLC-MS Z5 341K 6 fir
TN FEANCES €8 F R AR U A ) I T A R
PR, miz 435k 445.5 .485.18 .552.5.557.68 .588.43
)0 R S5 0 2 L B, Al A4S H miz
JEE S, AT HPLC-MS 4xid 8 MS ik,
Kl 6A@@)FT7~, P e s T8k 26 155 o
OB, AR, SR B E R B TE] 6.94

10.59 s 4b, LA m/z=557.50-558.50 ik 55144
Hh4h B 6A(b), m/z=558 AYH T - B AL T E(R
FAITA] 6.93 s &b, VR T 3 2 BLE VRO
B R BT 6.93 s B, DL m/z=484.50—
485.50 M AT AE A Al 6A(d), m/z=485
) 4B BAE 10.59 s &b, SAE 2> B4 R —
B, ULUZ Y AR 2R 4 0y g alidk, D
m/z=587.50-588.50 Hy fifi & 4% 1 4+ 45 S n &

6A(f), m/z=588 145 JL-T- 4= ) PUAE L B I [
6.94 skb, SAHLS R —5L . LI m/z=444.50-445.50
% 542.50-543.50 i S5 A4 S5 R W E 6A(C)
FIB6A(e), XL T A SEIRA Y A F B RSy, W]
REJE S SIS, MS 2 HT 25 5 ULIE 6B .
K 6C. & 6D, ¥l 6B H' m/z=485.18 Ay i i
PEOCH, I, W nT Re o alifh, o B
[l 6C 1 m/z=588.43 ¥ i i %, HA XL
P, HEZEY LT, Bl 6D H m/iz=577.68 1)
Y R LR, WA, SO A B A
B3,

3 &

MRYEZE CL DR IR A S IR, BT PR
] A= 855 N BRI B IR, oA A AR e 1,
GRTETR PRI, ST A IR AE B Qs )
e AR . BT, SRS BUE A,
KBTI 5 A4S, BERUHR 2 4~ ZEILIX
AR Y A C S AN, P AT LAy
TR, R A R, AT
Z(E 7). ZREMBXIA FEMEY AT
W, BAWIERIT A E.

Bl 5 E#k Str-4331 & B AR IR BRI BN =&
Fig. 5 Antimicrobial activity of Crude extracts of the fermentation broth by the strain Str-4331
A SRR OHAERE; B: MR ZEATR. 1-5: 2. 4, 6. 8. 10 UUmL ibid: %, AL, A2 REERMIEEY), WEH 0.1g/L. C:
BT, L REEROHLIR Y, YREES 0.1 g/L; N: 10 Ul/mL BT AE 2.
Notes: A: Staphylococcus aurous; B: Bacillus subtilis. 1-5: 2, 4, 6, 8, 10 Ul/mL antibiotic; Al, A2: The crude extracts, the concentra-
tion is 0.1 g/L. C: Micrococcus luteus, L: The crude extracts, the concentration is 0.1 g/L; N: 10 Ul/mL antibiotic.
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AERTHEEIRE

E7 WMEMRKHEIREELZTE

Fig. 7

TE: A Bdln g, B B RAGI SRR C WA R R

Notes: A: Datebase interfaces; B: The information of the strain and the metabolic library; C: Picture message of the strain.

IZH X A FEREA b o B G—HR P K i
WL ARNMER, LS BFRRIE. 4
FAEALERHE LL K 16S IRNA JF51) R 58 B8 A4 Hr s,
PRZ R E ik 2L BE R R (S. lateritius) . R
HIRTEA X 43 5

SCHRRGE eI, Al £ A TR T AR AR TR 2
WHEE B (RN RER). MARMWEER
B)H A LA AEYE M, BT HABMRAPLE = K
PR TR BTG P LLAS, AR R B, R B
S IER T tRNA A R . FTase, IMPDH %5Z£4>
2 RAREE A AR RS A RAR S 2T
FERETE I FE R R R BT AT, Bl R
B2, W o iR B, iz b A
Ttk 558 kD Wi (HrF = R E &R B); 411
FSCE R, HAMREE AR R B MRS AR,
HRAE DL L SRER 25 R, B AL DA 52 R4 i 21
HEREARM TR T RE S AR R B, M,
Wk EA DI A

2 % x Mk
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