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Screening of a high-yielding tacrolimus producing strain using atmospheric room
temperature plasma and optimization of fermentation conditions

Wang Hui-hui!, Qin Li-na?, Liu Yu?, Zhao Jian-hui? and Zhang Xue-xia!
(1 National Engineering Research Center of Microbial Medicine, Hebei industry Microbial Metabolic Engineering & Technology Research
Center, New Drug Research & Development Company of NCPC, Shijiazhuang 050015; 2 Huasheng Company of NCPC, Shijiazhuang 050015)

Abstract Objective To obtain a high-yielding tacrolimus producing strain using mutation methods to
improve the fermentation unit. Methods The primitive strain FK13-2-14 was treated using an atmospheric and room
temperature plasmas (ARTP) technology. Fermentation conditions were optimized, such as the inoculation of seed
bottles, the additive amount of isoleucine and the addition time. Results A high-yielding mutant, designated FK18-
1-56, was successfully selected. Its fermentation production was 162% higher than that of the original strain in flask
culture. The optimum fermentation conditions were determined as follows: the inoculation amount of seed bottles
was 1.5cm*40mL, the addition amount of isoleucine was 3.0g/L, and the addition time was 48h after fermentation.
In a 100L fermenter, the production of tacrolimus reached 997ug/mL under the optimized conditions by the strain
FK18-1-56. It was 128% higher than that of the original strain. Conclusion The high-yielding tacrolimus producing
strain selected by ARTP will further substantially improve the industrial production of tacrolimus under the optimized
conditions.

Key words Tacrolimus; Atmospheric and room; Temperature plasma; Streptomyces tsukubaensis; Fermentation
optimization
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fth 50 5L 7] (tacrolimus) X 44 FK506, J&— i 5
PR I (Streptomyces tsukubaensis) 7= 4[] 23 TG K
NN SR Bl I = W EE V117 K NN S 1 O
K IL-2. IL-3 FIT$0 2 IFN-r (07742, LR PR Y
MIHERRAER @, J& T 28 DUAR o B H | 771 At 7o 5 ]
(1) G 2 40 i £ FH B BR 60 3 A(CsA) 58 50~100 £ 1,
BRI DR R FRAIG 1 I PR ASE FH ) 8, (RO AN RSN A9 W]
BREAG, AT MiERE, MR RIT.

S m WAL E, Bl ERHEIMEAL
W EEHRMEA PR G EHAR, #ELES
o HEEIRSEE TR (ARTP) BRI G R H M
WMBE LA, BAEER, BERE, &
TE R 24 AN RBEERIE SRR Y, H
BRI N T2 =R Tl mfh b, ST
RAFRUR 57 AHIE F K FH e % i 55 B AR R )
PR v SR AR AT IR AR, RIS B 1 MR s
PR, HRRH R RAL LG H R R IR 5 T 162%. @It
X AR R A K T AR A AT A, AR
7E 100L S A R R Ik 2l 997ug/mL, R Tk
AEFEBEE T R R .

1 MR5ERE
1.1 AR
L1 BAEk

BEF W (Streptomyces tsukubaensis)FK13-2-14, 1
JG I 25 5 A 46 A w]ORAE
.12 BEx#E

SRR SRR TR AR I 2.0%, WA EOK
¥ 1.0%, FeSO,7H,0 0.1%, ZnSO,"7H,0 0.1%,
MnCL,-H,0 0.1%, MgSO,7H,0 0.1%, & Ji§ 1.6%,
pH7.0.

FhFREFR 5 WG 1.0%, #IEHE 1.0%, Hil 2.5%,
B2 EEKY 1.0%, CaCO, 0.2%, pH7.0.

REEEFEIE: WG 8.0%, &I HE 2.0%, [EAE
K 02%, BEEEHY 2.5%, KH,PO, 0.1%, (NH,),SO,
0.1%, MgSO,7H,0 0.1%, CaCO, 0.2%, pH7.0.

113 EENE

ARTP-IIS %58 AL, THIIERAEYRHL
BIRAF]: e2695 B =8B AH T, Waters A F] .
1.2 Hif
121 HEHFERGH &

I R B PR FK13-2-14 PR EE R — 32, A
2mL LK, FEEFEEIT, WARA 10mL G H
K=, BOIERITHG I IERE L IE, A

LR =7 8
122 SFBTFHLAHE

I 10pL 7 2R TER 1leom & EHR A L,
WE A EIH IR 110W, TAEAIRE 10L/min, [
SRR BN 2mm, AR B RS B, 2 A SR )
AN 04 104 204 40, 60 Al 80s. K Ak FE [ 1 1 &
WA B FEM R JG I AT TP AR s 9 2k B gR, B8
SR E SEAERTI KRR REEIER, DL 20s FGTHS
KRB, EEFRE RIS, PhEMEES
WA, Ki g% 10d, BRECH B VE 3T BRI A0
fii o
1.2.3 ¥H4H4E

PG IR BANIZE 1.5cm? BRI T2 40mL
MR IR A 250mL = M H, 28°C, 220r/min 2
Vi s 24h, SRJE LA 10% HHEEME N 40mL/250mL
(R s 33, 28°C, 220r/min BB H53% 7d, WO .

100L il A P85 75 K FH W R 8%, PP 7L 5%
M EEME 0L MR IR &Y, 28°C, HiHEFL
M 375r/min, B 1:1vwm, 3% 24h, R LL 10%
B M BB AN 2 0L R I 7R 5L, 40 #6001/
min, JEA L 1:1.5vvm, KB 48h B, AN 3.0g/L 1
SRR, RiFF 7d .
124 KEFHeERlE

(1) RIEFE S b 72

Y — e & 1R B E T 3.0 H,  12000r/min &
L 5min, B _E3E, I 2 FARBUR BER K 282,
298 30min, FRREOE IS WREAT HPLC A5, BP
Tt v SR )

(2)HPLC A&l

ik fE: Agilent C (4.6mmx250mm, 5um)s; )]
A 7K - PUEURKRIR - BEFR (3000:600:0.8) NIEH A, Z
5 - DU VIR - B2 (3000:600:0.8) NIAW B, LLIATR
A FI W B(49:51) AWMBIAH; J#: 1.0mL/min; £
MPA: 210nm; HEAERE: 20uL.
2 &R
2.1 ARTP HH %R
211 FBETHLAENHE

V55 B 15 7 S (1) R B U P R S A T
W IR 3 B, 28°CHE9% 10d, DAL M8 5 (14 %t
M Gt st B 1 Por, BEE RO E T,
W AR KB D S, BRI R 208 B, 35E
K 72.6%, MRS 60s LA LHF, HEZEEANEK. HE
Aib B [B) 5 B0 2R 2 AR B B IE AR R R AR
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Tab. 3 Stability of the mutant strain FK18-1-56
. Fef F F,F P, F
© 801 TR /% 14 13 14 15 14
5 60 A ¥ pH 7.34 7.28 7.36 7.39 7.30
§ 10 - AR /% 100 103.2 101.5 105.8 98.7
20 %3 GRTTLIE th, % bk FK18-1-56 A F, 51
F ARG, Ml 5% 24h I, B 22 B I97E 10% DAL,

0 10 20 40 60 80
t/s

B 1 ARTP A8 (A0 B bk FK13-2-14 BEZ AR
Fig. 1 Effect of ARTP irradiation time on lethal rate

BRI, HiE 20s M 7 5] FK13-2-14 Bk
ARTP 15 AL B [H]
2,12 RAAKRIE®E

DA #R FK13-2-14 N H R K, S5 T 75HE A
20s J& B B A FERORE JG IR AT T PG 7R 2t 1,
Pk 127 #R BB VR AT AU LL A, DU R B A
()R BEAROT AN 9 100, 15 SRR (1) K BEAR T 204N
455 26 RO IE R B PR (AR 7E 110 B 1),
20 KRN AR GRAR B R (FH X R 7E 90~110), 81 #Kk N
FLIEAZ IR (FAIXE AN AE 90 LT ), IERAE R T
20%( F 1).

XF 26 HRIERZHEKRIEAT ZIRE TR, 1534 ¥~
fth v B B T I R AR R MR, H R KPS R
e 50% LA b, b ) RS BR FK18-1-56 L R
HPRIE R T 162%, JBORRNIAE] 1147pg/mL( 3K 2).
22 B REREAREEAR

W 5 77 B AR FK18-1-56 FESEAEAC 4 Wk, 5 /AR
[ BEAT R R B RS 7%, DGR HARARES B 1 (3R 3).

1 ABTS R RALRA] IR 45 R

Tab.1 Results of preliminary screening test
FART RN 1% LS Gr AT 1%
90 KL'F 81 63.8
90~110 20 15.7
110 KA E 26 20.5

™2 R R AR eI DL
Tab. 2 Shake flask fermentation result of high yield mutant

strains
[ RO RAN /(ng/mL) AHXS ZA /%
FK13-2-14 438 100
FK18-1-32 780 178
FK18-1-63 858 196
FK18-1-56 1147 262
FK18-1-106 1064 243

pH BJFETE (7.30+0.2), HIBMAEESMNFaE, W
ZE AR RIFHBEERRENE, A8 T Tkt dr.
23 BSEARAE AT
231 MFHEMENRH

Ji A ) AR SR FHAZ B 23 N 0,54 1,04 15
A 2.0cm? TRl R IRk, M8 “1237 TR IR%
PR AT R IR, B SRR R R BN BRI (R
4)o

MR 4 G5 R AT, FhFRE A EOR, 5597 24h
JE RS, {H pH RIS UM, HEHLR
N 14%, pH A 7.37 I, 15 B 5 =y JBOR BT 1124pg/
mL. Ui B R R RN BN 1.5cm?, 159 24h ),

R4 AFER RO
Tab. 4 Shake flask fermentation result of different
inoculum concentration

e fom’ LEA 92 pH M /(ng/mL)
0.5 4 6.89 865
1.0 8 7.12 906
1.5 14 7.37 1124
2.0 17 7.16 832

TR IR B 0 P B0 K, B R 2R KR B
VU B8 bR AU B . DRIE, b TR A 35 5% 39
N 24h I, BAEEREN 1.5em¥40mL BT REFREE
232 AIAREEBRIR v B A e A 4 1 AL

TR BN, Ath vg 5w R B B AR N 5 e R R
R S 2 19N R B TR (Pro) HOVREE, W] LA BER
Bt CoA SERTAMI IR G i, Pemfh s =g, &
W 785 52 1 AN [6] 1) e 5 G R R 0 2 B R T ] o A
TELE] A RN, 45 R LK 2~3.

M2 w0, SRARENIERYR, &ER
I 3.0g/L, B, PR REENE], s
Ik CoA SV M A R, Mg 3R] 75 Ml
I 3.0g/L B, SR TE] 2 48h,  GHS TR 22 33 NIk
PARUTERE, A IIHT AR A R T A i e B A
2.4 KEEHKRIE

f 77 B R FK18-1-56 ORI ES 7 1001 A T i ik
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Fig. 2 Effect of different isoleucine concentration and different

addition time on tacrolimus fermentation

12 4 8.5 4

JUBE /(2/100mL)
pH L=

0 T ! y ' ! T ' 0 T T T T T T 1
0 17 41 65 89 113 137 161 0 17 41 65 89 113 137 161
t/h t/h
50 7 1200 -
40 1000 4
S 2 800 -
S5 s
] 2600 -
Nl &
#8207 400 -
101 200 -
0 . . . . . . 0 ¢ T T T T 1
0 17 41 65 89 113 137 16l 0 17 41 89 113 137 16l
t/h t/h
3 A TLEEE] 1001 FE R B 2R
Fig. 3 The metabolism curve of tacrolimus fermentation in 100L fermentor
17, RHMWERBE. EKBARZ R 1.5cm?/40mL %5 Hibk FK18-1-56 (1] 100L R
BT, 28°C, 220r/min, =¥ EIIE 24h J5 B Tab. 5 Fermentation result of the mutant strain FK18-1-56 in
s 2 NN o . 100L fementor
AMTE, #IE “1.2.37 TUAT KRR, K% 48h — pos pr— = ”
. xR 20 e, WA RIREEL i b -t =t 2]
AN 3.0g/L 157 e R AT, Kt g 7d JiCE, N W ngiml) 996 ot 997

SEE| R, AR 5.

MK s af L, SR 3 i RCRE R 23 5 N 996 R W 25 R B % 3 1.og/mL AR, pH [EIFH 2] 7.5
1014 F1 982pg/mL, “FHAMIEF] 997ug/mL, Lhihk B b RAZFER FK18-1-56 £ AT 4G 65h Jr i 42 &
PRSI B2 T 128%. UEFFLE 40% LA b, RO B A0z iy T R R

B 3T, FE 100L K BEGE b, RAE®E K 3 iR

FK18-1-56 %% tH & B Pk FK13-2-14 F F & W5 BT S, AW TER ] ARTP AN Al 50 52 =] 7 A8 1 3R 4T
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BATAREE, DL 20s NPT E], MBI 127 Pk
PRS2 4 BRSP2 5L R, o FK18-1-56
HORBEREE T 162%, HiESAL 4 05 E. Bt
FhF AR BT R o SR AN I B N e ) 5
REEFAFATA, B s R A R BT
M RN 1.5cm¥40mL, AL E RN INE N 3.0g/
L. #INHAA R BT 4G 48he w77 B bk FK18-1-56 7F
A2 N HEAT 1000 SERES, K EERALISF] 997ug/
mL, FCREMEE T 128%. ZEHREAE BIFISE
FEME, AT TSR] Tl feAr=.
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