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%18 F Th AR B AARAS BB B X ) S A AR £ A0 Tr ik, A RIEAK K P 0h i 7R A5 R B L Bl
B F G AR ARSE T A AIE SRAF A A A AL 2 BE VA 16S rRNA HF 5 7)) tbsd St AT B AR 5
KRR E & E AR X LI R B A AT AL, [ R ] M L3R P 5158 —4R = 55 A5
BRER B 4] | 697X RH CZW-15, Z% % THEH B (Streptomyces). B4FIRE KRN 7
KB b AR SHAR A B R4S R B ER Bl 0 AR AR B R A B ICso A 7.4 mL/L, faxt B& 25 4 FK506
#9 ICsy A 65 pg/L. ZH 0 RAEAZHK BEBL 77 A (%): E KAy 2. BEE-4 0.1, K,HPO40.04. MgSO,
0.04. NaCl0.05. FeS0,40.001; X B4&MA: A4t pH 7.5, iBJE 28°C, #+i% 180 r/min, ¥ & &
50 mL/250 mL, 4EFY& 4%, IR 4 d. HRALE 1.5 pL K B b iR AR 0 B B 45 18 B A5 Bl 04
A E R A I HEMILE] 117%, eRALaTIR G 4542, (44 CZW-15 B THER B, ZRF
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Screening, identification and fermentation conditions optimization of
Streptomyces CZW-15 with inhibitory activities on calcineurin

WU Peng-Fei ZHOU Liang LIU Jun-Lin CUI Zhi-Feng'

(College of Biological and Environmental Engineering, Zhejiang University of Technology,
Hangzhou, Zhejiang 310032, China)

Abstract: [Objective] To screen actinomycetes strains with calcineurin inhibitory activity.
[Methods] Actinomycetes strains with calcineurin inhibitory activity were screened by a yeast report
gene (CDRE::LacZ) based high throughput screening model and a calcineurin phosphatase assay kit.
The isolated actinomycetes strains were indentified by morphological, physiological and biochemical
characteristics and 16S rRNA gene sequence analysis. And the fermentation conditions were optimized
by single factor and orthogonal experiment. [Results] Strain CZW-15 with high inhibitory activity on
calcineurin was isolated from soil, and it belongs to the Streptomyces spp.. Yeast report gene assay
showed that the fermentation supernatant of CZW-15 inhibited yeast calcineurin-dependent gene
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expression with /C5p=7.4 mL/L, and the ICsy of FK506 was 65 pg/L. The optimum fermentation
conditions of CZW-15 were as follows: 2% corn flour, 0.1% yeast extracts, 0.04% K,HPO,, 0.04%
MgSOy, 0.05% NacCl, 0.001% FeSOy,, at initial pH of 7.5, 28 °C, 180 r/min, liquid volume 50 mL in
250 mL flask, inoculation size of 4% for 4 d. At the optimum conditions, the calcineurin inhibitory
activity of 1.5 pL fermentation supernatant of CZW-15 reached 117%, increased 4.5 times.
[Conclusion] CZW-15 belongs to Streptomyces spp., and produces highly active substances with

calcineurin inhibitory activity.

Keywords: Actinomycetes, Calcineurin, Inhibitor, Screening, Fermentation conditions
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FEE 1.0, BERHERMW) 0.5, FNE 0.5, pH7.5,

WG LT SR . LU IR G UG IR 5 ) th
L3 =



MG A — R G A DR BRI R SR R CZW-15 BT E S R AR ST 2419

12 WE&ES B

FREL S g BHEFICH T HARKT, PR
i E] 45 mL JTCRAEPRER K H, 200 r/min JR 2]
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BERE 50 mL AP T 15 55 55/250 mL R,
30 °C. 200 r/min #7355 2 d, HISFFI . K
TRV 4% RN B A 50 mL & Bk 3735/250 mL

PR, 30°C, 200 r/min R 15 3% 4 d )5,
12 000 r/min &0, AR BT LI o 43 5 FHIE T 1
LMROTR . AW LEAmiEN: A Fa=1:1, K1)
X R FIE WG TR, iR ZE 50 °C Befh7Ek
TG, WA TIE RN ddH,0 58 & EHIEY)
A A N AARAES 8l i bR S I AR s
1.5 AR$5RSERES R I E

Sk TG v A O B 3 1) TR AR SR S AR S
VRIRERR B E AT TR, e R AR VR B IR B
VR () vk 0 L e TR REL 2 0 0 S 0]l T it 410 )
PEHEATRN, DL ddH,O 25 FIXT IR, FESL IR 3 4>
VAT, SR 3 IR,
1.6 BFHETE
1.6.1 FASZHFE: e RRFRAEPAR 30 °C 1
I 8 d MR V& 5 e i U A4 4
TSR ZILAS
1.6.2 EFHFERERENMIFE: S8 ORI
U GRG0 ) W IR IR ENT
1.6.3 RASABRUFE: DIFFNEHRIERFY] DNA
AR, FHAREE 16S rRNA K@ 514 27F
[5-AGAGTTTGATC(A/C)TGGCTCAG-3']F#1 1492R
[5'-TACGG(C/T)TACCTTGTTACGACTT-3"] # 47
PCR 434, PCR W IAZ N 50 pL, 4% 10xPCR
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X, BURH AR RS f i LA Rk R E AR,
Clustal X #4775 LLXT, B MEGA 4.0 11
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Table 1 The factors and levels of orthogonal test

FEES K
Factors Levels (g/L)
Corn flour (A) 18 20 22
Yeast extract (B) 0.9 1.0 1.1
MgS04(C) 0.4 0.5 0.6
K,HPO4 (D) 0.4 0.5 0.6
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1 CZW-15 & B b &R B2 B4 A BLBE KB E F (CDRE:: LacZ) R = M HI1E R
Figure 1 Inhibition of yeast calcineurin-depedent gene expression (CDRE::LacZ) by the fermentation
supernatant of CZW-15
e A BB RIHELSE, BT O IEAN, HAKE R4S N Taps (pH 8.1). —Taps: TAX} R ; Taps: [EHERIR; FK506: 25 pL (7 mg/L);
I. 25 uL CZW-28; II: 25 uL CZW-46; III: 25 uL CZW-15; IV: 25 uL CZW-74; V: 25 pL CZW-102. B: A[EFIE ) FK506 Xﬂ&
SRR ES TR B RR G (41 5 2 I (CDRE:: LacZ) 3R AN VM 2k, JHl i 3 8 R 205 S i B SR 2 HERR T SO G EE T4 C
[T ) e ) T 9 YRR 3 S R s TR Nl (1) 4R 45 B DRI (CDRE - LacZ) F R M RE M £k, Il i R & %%E’J@%Eﬁ%%éﬂﬂ%
R HIOIE T

Note: A: Results of high throughput screening, with the exception of negative control, all treatments included stimulation by addition of Taps
(pH 8.1). —Taps: Negative control; Taps: Positive control; FK506: 25 pL (7 mg/L); I: 25 puL of CZW-28; 1I: 25 uL of CZW-46; I11: 25 pL of
CZW-15; 1V: 25 uL of CZW-74; V: 25 uL of CZW-102. B: Inhibition of yeast calcineurin-dependent gene expression (CDRE::LacZ) by
different doses of FK506, the control containing un-stimulated yeast was used to subtract background absorbance. C: Inhibition of yeast
calcineurin depedent gene expression (CDRE::LacZ) by different doses of fermentation supernatant of CZW-15, the control containing
un-stimulated yeast was used to subtract background absorbance.

REM AL, fHERERIAR, F=HAEEMILA, T 2P0, DUEE . HEREE. L-BESHEA L-Brr
ﬁFﬁ)%@%@ﬂ%ﬂc, VERKAR EREFIFHTERY, B AFEGER 3).
R A ZOARBER A AR, = RRIIHG, A=K WS BIMk CZW-15 (19 16S tRNA FLH FF4 115
IR A S g0 R I bk CZW-15 RTDARI A . 2] 1500 bp Z247 K/ SR, 27155 1490 bp
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Figure 2 Inhibition of CZW-15 crude extracts on human
calcineurin

Note: I: Control; II: 7 pg; I11: 3.5 pg.

\sﬂ

3 CZW-15 BiER A
Figure 3 Scanning electron microscope (SEM) photographs
of CZW-15

75 3 & L5 2 GenBank, R EFTH
KJ996111, ifit7E NCBI - BLAST HUX}, #EHUS
L) PR e vy HAT RO R B RIAHSC T 51, A
MEGA 4.0 H1 Neighbor-Joining P4 # R 45 & & W
(F 4), 58K CZW-15 5 Streptomyces galbus
DSM40480 (AHMLR N 99.3%) . Streptomyces sp.
SAP193.2 (FHBIZEEA 99.2% )t A AHALL

2.4 HH CZW-15 ZEEK ML

24.1 AEER. RIRMEK CZW-15 ZBERIE TR
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T2 Ekk CZW-15 HIEFR4FE

Table 2 Cultural characteristics of CZW-15

. TR Al =
gopsE v PEEERGR
Medium  Aerial mycelium egeta‘tlve SO
mycelium pigment
ISP-1 Pure white Gream None

ISP-2 Light pink Dafford yellow  None

ISP-3 Antique pink  Signal orange None
ISP-4 Antique pink  Gream None
ISP-5 Pure white Pasted orange None
ISP-6 Oyster white Signal brown Red brown
ISP-7 Light pink Copper brown Clay brown
GS Light pink Maize yellow None

T3 EE CZW-15 £ IB4 (LAH1E

Table 3 Physiological and biochemical
characteristics of CZW-15

S THAR | T SR
Term Result i Term Result
Gelatin liquefaction + i Urease -
Hydrolysis of starch A Glucose +
Lipase + i L-arabinose +
H.S production A E D-fructose +
Melanoid pigment * i Inositol F
Cellucose decomposition + D-mannitol i
Cellucose utilization = Sucrose +
Nitrate reduction + i L-rhamnose +
Coagulation of milk - i Maltose +
Peptonization of milk + Lactose i

T+ SR £ KERME; - SRR EK.
Note: +: Represent positive result; +: Worse result; —: Negative
result.

oW M 25 pLo & B O EE R R AR BRI
(CDRE::LacZ) =38 e A5 0 5 515 0] ol i il 110 4000 o1 3
PE, S5RFU] 5 Pt mm IR TR RO A

LT K53 Sl 58 1) 35 5 2 1) A I YR 3 P CREDXT 41
T EER IR, CK)IY 1.96 £5(K SA), Ik
B KM R m AT . 7E 5 A AR TP R
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97— Streptomyces galbus DSM40480 (X79325)

46 L Streptomyces sp. SAP193.2 (JX067658)

48 ———— CZW-15(KJ996111)

76

Streptomyces sp. TP-A0274 (AB08869)

00 Streptomyces sp. NRRL30562 (AY 12709)

Streptomyces sp. MD1 (HM641908)

Streptomyces coacervatus IFM11055 (NR112916)

100 | Streptomyces avermitilis MA-4680 (NR074747)
treptomyces avermitilis
l Si lis NCIMB12804 (NR114521

27 l|7 Streptomyces galbus DSM40089 (NR026178)
88 Streptomyces galbus NG4 (JF827353)

74

1

Streptomyces hygroscopicus subsp. jinggangensis 5008 (NR074563)
Streptomyces sp. A012304 (AB252678)

Streptomyces sp. ACT-0090 (GQ924530)

0.002

Streptomyces sp. 21-4 (AB222072)

4 Bk CZW-15 SEBXERM AR L EH
Figure 4 Phylogenetic tree of strain CZW-15 and other related strains download from GenBank
e A B ARAE AR 0.002, FoRARMPET 43 H; 55 oA m R FSIE-S .

Note: Number at nodes indicated levels of bootstrap support (%) based on 1 000 resample datasets. Bar: 0.2% sequence divergence. Numbers

in parentheses represent the sequence accession number in GenBank.

(I PE SRR, DATRERRR SRR 1Y B R 0 R RV
PEEXHIHE )/ KNOs (FHR, CK) 2.05 14,
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i, RB>RC>RD>RA, Rl 4 4™ 25t A e s S 52 1
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FEBCEE N B2CID1A2, fiefd & BER: # 54 i (g/L)
Jo: BEREHS 1.0, MgS0,4 04 , K,HPO, 0.4, FKH
20, FeS0O,0.01,

FER A2 R TS SR A L LU TR BL T, 6 &
BiIR A S b pH . TRE . Fe . BRgRRHL.
B PP IR T SRR, B

WA 4%, IS pH 7.5, KREFR: SRR
50 mL/250 mL, 180 r/min. 28 °C {HiRE}55F 4 d WK
RTERCTEPE S (B R R R 3R ) o SEUR TR 2R
AR R4 o B 1.5 pL & Wi R B R i
K (CDRE::LacZ)=; 38 2 A58 0 2 505 ) ol 122 il 1oy 100 o)
TEPE, EREMAMILE, 1.5 uL CZW-15 KEER
FIAIXHMEITEEIAS] 117%, JEACALET A BER A H
XHME G 1 (26%)1) 4.5 5 (] 6).
3 4

AHIF 5 38 3o R A 5 D R 3 e R A - I
HP B 38— Ao 7 e T T R R A A 4 ) i
WA CZW-15, HABE LW RRE T 10 £5% )5 X R4S
PAERRIEIA 50%mAMEITE 1, RIJL ICso 2 7.4 mL/L
KW LIEW, X IRZ5) FKS06 B ICso A 65 pg/L
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Figure 5 Effects of different carbon and nitrogen sources on inhibition activity of fermentation supernatant from CZW-15

Note: —Taps: Negative control, Taps: Positive control.

R4 EKCZW-15 REEFEREFANERKRE
Table 4 Results of the orthogonal test with different

nutritional factors on inhibitory activity of fermentation
supernatant from CZW-15

XTI 5
W oA s ¢ p e
inhibition (%)
1 1 1 1 1 77.5
2 1 2 2 2 58.5
3 1 3 3 3 66.0
4 2 1 2 3 55.0
5 2 2 3 1 113.5
6 2 3 1 2 94.0
7 3 1 3 2 49.5
8 3 2 1 3 102.5
9 3 3 2 1 74.0
K1 67.3 60.7 91.3 88.3
K2 87.5 91.5 62.5 67.3
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I: 1.5 pL RAGIG A me B3 1 1.5 L LRl A& mE 3.
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II: 1.5 pL of fermentation supernatant before optimization.
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