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1.2 BEERIRA B ZHEH

WERRFRI 1 g [ A B 9 & o DL JE K 20 B Ry 5
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(A VB A (B) JFe? ™ (C) A [ #e JBE 26 45 % i o
B 52 . w36 BT I R 5K ISR 1.

% 1 Box-Behnken iR iZ it E & 5K F
Table 1 Code and level of independent varlables
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H# Factors
14710(\1:15 A B ¢
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Fig.2 Comparison of the yield of nootkatone

transformed by multiple screening strains
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Growth curve of 16 isolated strains in primary screening medium
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ODsoo (HIEE] 0.6~0.7 J& » A ¥ FCAS P W47 4
FEYkSE 7R 72 ho IR UG 3% 24 .48.72 h (R T#
W, R GC-MS X 5 4k 77 1 1 Fh 28 S 5 i A7 46
W43 7, v [ ARV S B bR 7 A A
PRIk THE Fo At 7= 9 1 ok Rl ARk AT i, 45 2R
WER 2 F7R 3K 4 BR TR R 2R W 5% A0 00 7 D 28 K
RO A AL o ST EE . A FH TR (-
BT () -p- WA -1-M-9-B L T F I -5 2 T
Gl il M6 457 Ap oy BT, HfR B4R £ (RD 43
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ii-9-BE M L B- 55 DA L RAMER . H A% 7 9 15 A
R 48.4049.43 mg/L. 4k 48 h 5 . AR &
HEHOIN(58.8147.33 mg/L) ;¥ 4k 72 h 5, B A
SR ARSEE AN (67.17+1.64 mg/L) , HAth K &R 43 77
Wy ik B A B A T A K D2

YT HERE 5 AERPIN 24 h, TE=YH o
B (- A F L (H)-p-i - 1-4-9-1 | T
I, B bR =Wy B AR 5 o 50.60+4.33 mg/L, %
1k 48 h 5, B Al B 7 5 3 0 (67.29 £5.07 mg/L) s
ek 72 hJE AN B O WA R B (59,15 £ 9.81
mg/L) . B [E] B AR A R A R, H
(- T & B AR LU B AR 3 R T T
e — S A 7 I o8 4 AR AR () - AR T

YT IR O FERVIN 24 h, TEP=YH oA

B (- A E L (- p-li - 1-4-9-1 | E T
W B-5 B WAL R kbR, H AR 7 R kbR S e
50.95+7.86 mg/L. ¥4k 48 h J& . IRl R 5 5 48
(74.2448.80 mg/L); {4k 72 h J5 , 5 At il 75 12 %
H FF(66.43+521.26 mg/L) , HAth K20 7= 4 & &
Wi % £k Bsf i) SE K A T 9 2

XTI 1475 PIE) 24 h, EETYAE ol
MEE ., - & F L (4 )-p-# f-1-06-9-
B-5 L HR | (B Al , B Aw ™ Py 15 A R i Ry 64,77
3.08 mg/L, %k 48 h J5. [& #h B & = ¥ o
(77.55411.77 mg/L) s 564k 72 h J5 , B Al R & &
A FF(76.03+7.16 mg/L) , B TRaE, HAibrs
Y EEeA K,

R2 BEFBSEKRE U B ZhHERATIRENELTYESE
Table 2 Concentration of valencene biotransformation products obtained during different periods (24 h,48 h,72 h) mg/L
WtkGeS  WIE/h o AR TEETE (H)-TEAETF H-p- MR- R BE R TR BEZ Il
Strains No.  Time o Terpineol Dihydrocarveol — (+4)-Dihydrocarvone (+)-p-Menth-1-en-9-ol  Selinene B-Tonone Nootkatone
24 1.67+0.19b 4.3740.60b 0.81£0.39b 10.104=1.37b 1.91+0.56b  6.32+1.43b  48.40+9.43a
3 48 3.37£0.48bc 3.560.49bc 0.5540.06¢ 9.27+1.29b 3.447£0.50bc  6.494-1.53bc  58.814-7.33a
72 1.89+1.18de 3.04+0.29d 0.4640.02¢ 9.33£1.20b — 6.05£0.20c  67.1741.64a
24 5.71+1.87¢ 5.357+0.74c 11.8240.22b 7.94740.95bc — 50.60+4.33a
5 48 — 3.11£0.13¢ 9.86+1.33b 8.8440.88b  6.63+2.00bc  67.29+5.07a
72 1.2440.80c 1.58+0.05¢ 8.41+1.89bc 16.95+4.31b - 59.15+9.81a
24 3.32£2.63bc 4.2740.18bc 9.58+0.82b 4.4641.06bc  5.91+£0.33bc  50.95+7.86a
9 48 2.92+0.84cd 3.39+1.32cd 9.7940.04bc 13.234:0.94b — 74.24+8.80a
72 1.98+0.72b 1.7340.32b 8.85+2.88b — — 66.43+21.26a
24 5.321.19¢ 0.9340.03d 8.660.23b — 5.32£0.22¢c  64.7743.08a
1 48 - 3.32740.54b 0.50%0.03b 8.32+1.74b 3.244+0.35b  5.7440.95b  77.55+11.77a
72 2.080.56bc 2.97£0.03bc 0.244-0.01¢ 8.93£0.86b 5.33%£1.35bc  6.304-0.89bc  76.034-7.16a
RN R AT AR E NG FRE R R £ 5 8 ¥ (P<<0.05), Note:“—” means not detected. Different lowercase letters in the same

peer indicate significant differences (P<20.05).

24 EHRESREEENBTELEE

I 398 T A B TR R O AR R A 22 IR B PR T TR
Me b 36 CHig% 24 h, & 2 FEIE LR R
GRS IR W0 S PR TR MR B IR R b B,
A AR ARSI 45 AL R AR AR S 5 | )RR A | A
PR H EE BRI R R I H A BRI TE R K R L A2
ZERE BB PRSI B LT S L VAP SE 6 0 H Sl B
PE 33 SRR 5 17 5 B R T TR S A A AR AR
25 RGHUZEWNHE

23 16S rDNA J¥ 81 43 #7 . 76 NCBI ¥ 3 | fiff
JH Blast FEXT, B K15 5 k19 16S rDNA J¥ 51| i# 47

)R LU XS OF i B bR R K B, AL 45
( 3) KB Ui 2 BT A3 Y I Ak PZQL4 S Burkholde-
ria sp.. )& TAA 5 8 /R T &, ¥ HoAiw 44 Burk-
holderia sp. PZQl4,
26 BERRKKER

PATE VR I ODgo, 1B R PR AR B, 15 37 B 1) 4 A A
bR, 21T Burkholderia sp. PZQ14 £ LB 1 37 4
AR i ik 4 BT . #E 37 °C 200 r/min )
Bi SR AT BEARAE 4 h i ASHBUZER . 24 h iEA
FoEW .52 h gk AT,
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Fig.3 Phylogenetic tree of strain PZQ14 and other strains
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Fig4 The growth curve of Burkholderia sp. PZQ14 in LB medium

AR R IR X Burkholderia sp. PZQ14 ¥ 4k 4=
0 (BRI £ 55 0 0 1] 5 s . H IR 5 AT L AN ]
DR BT REAN [ 2 32 i 2 2 ) e A 2 i 630 i ), G
e 280 2 WA Ay Btk U 2 00 e A A i TR Al T ) 2
L ik %) 101,89 mg/ L. bRk %] 11.07 % .
PRI, 328 4% ) 20 B A A Bk UL

ANEE IR Xt Burkholderia sp. PZQ14 ¥4k 4=
G R Al TR £ 52 o A 41 6 T . AR IR R IR 5 Rl R
U5 R 28 R A Sy BRI A B Al A= B3 el i 1%
et e A ) 251,60 mg/ L AL FR N 27.35% , H
IR B B AR SSOR AR 22 A8 R, R, e R 2 R A

NI 4x )& 8 T % Burkholderia sp. PZQ14 %%
A2 s 0 Al R 4 552w B 8T 7 BT . d BT 7 AT L A&
4 J S U TS x5 BT Al IR 1) 7 A () R
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Fig.5  Effect of different carbon sources on the
conversion to nootkatone using Burkholderia sp. PZQ14
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Fig.6  Effect of different nitrogen sources on the

conversion to nootkatone using Burkholderia sp. PZQ14
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300 N [Elif4% 1k & Nootkatone content 50

[ YRS 4N

~o- [ AL Conversion ratio Y = 117.56 + 11. 05A — 20. 10B + 13. 65C —
35 S 1«2 822AB+82.16AC —5.35BC + 74.58A% 4 86.72B* +
g = 200t wE e
55 o B2 302407, BEMKRBRERILE 4,
) =)
;;E 5 =7 *3 MEEETHERESR
< 4 =
= g L 20 £ z Table 3 Box-Behnken experimental design and results
E = 100 - g
£ 2 §\ © -
=~ \\ 110 FENOE TR A B c v
N Test number ’
0 > > = > = p 1 40 20 0.6 370.20
Mg® Zn® Feo Cun M Ca 2 20 20 0.4 356.88
R T2 Metal ion 3 20 25 0.5 282.21
B 7 ARE&RBEF3 Burkholderia sp. 4 20 15 0-5 309.72
. 5 40 15 0.5 371.95
PZQ14 %4k £ B B 4 AR 19 5% 1
6 30 20 0.5 119.36
Fig.7 Effect of different metal ions on the conversion 7 30 15 0.4 276.56
to nootkatone using Burkholderia sp. PZQl4 8 30 20 0.5 117.35
BRI T Febt LW Fet™ M X T 3 1L g 00w 05 1
S N K S 10 20 20 0.6 207.48
HEAWPDOREEN . K, 38 Fe*™ I m 3 & B
11 40 20 0.4 190.97
SRR L 12 30 20 0.5 106.33
27 MEEBERETISEZHLN 13 10 25 0.5 311.57
SO v N s 14 30 20 0.5 130.97
W 17 T A g 45 2R DL 3% 3, 43R 3 B - w0 s . ; 220,50
o o R .
}FIJ}EH DeSign‘EXpeft 8.0 g—('ﬁ:ﬁ’/ﬂ‘%*ﬁvﬁjﬁﬁﬁ 16 30 25 0.6 279.76
(A) EHEWR(B) JFe' (C) 5 [B Al i % 1k 1 (Y) 1Y) 17 30 15 0.6 326.94
F4 WEEIREFESH
Table 4 Analysis of variance for the Box-Behnken experiment
E-S. 3 B R ¥iE FfH P I 3
Source of variance Df Sum of squares Mean square F value P value Significance
] Model 9 1.010 X 10° 11 226.41 44.14 < 0.000 1 * %
A 1 976.87 976.87 3.84 0.090 9
B 1 3 232.89 3 232.89 12.71 0.009 2 * %
C 1 1 489.94 1 489.94 5.86 0.046 1 *
AB 1 270.13 270.13 1.06 0.337 0
AC 1 27 001.56 27 001.56 106.16 < 0.000 1 x %
BC 1 114.66 114.66 0.45 0.523 5
2 1 23 422.59 23 422.59 92.09 < 0.000 1 x %
B? 1 31 662.80 31 662.80 124.48 < 0.000 1 * %
C? 1 6 482.07 6 482.07 25.48 0.001 5 * %
Tl 42T Residual 7 1 780.46 254.35
RBLIT Lack of fit 3 1 457.15 485.72 6.01 0.057 9 T
#fii% %% Pure error 4 323.31 80.83
Al Cor total 16 1.028 X 10°
R?=0.982 7 R%;=0.960 4

o UERERBF(P<0.05); » « [LRZERMW B EH (P<T0.01), Note: * Significant difference (P<C0.05); *

difference(P<20.01).

XL EAT O7 22 B AR W 4. ik 4 w)

% Extremely significant

(P=0.057 9>>0.05), YL R H K ANFAE ., WRIE

UL, BB A AR B 2% (P <<0.000 1), RMI AR E BIHFTEAEB(R=0.982 7) 0] AW i , iz B % 552
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BrRAf il B A i LA B . P E AN F A 09 K /NE
FERNRREE AT LA by ) 7 45 DR 220X i 1 1) 5% 1)
JFH A 55 9 2 BE, o O mT A5 HE 52 i (5] Al ) 5 A )
XA A A (B) > FeSO, (C) > i 4j
(A,

PR ASE 0 A5 2] 1) H 15 % 56 0 Sk A 4 R
37.64 g/L. & 1k 24.86 g/L.FeSO, 0.60 g/L, It
MR L AR 5% AL N 332,414 mg/L, B% bR
e B Ak T 1 85 35 3L A 5 VR Ol . B A R 38
g/L B 25 g/L.FeSO, 0.60 g/L, 7t &40 F
BEAT 3 WK R K 5. [ Al ER AR i Ch 328. 69 &
17.88 mg/ L, 5 T I {8 A 5 #2230 , 15 W 32 ] 05 452 74
il A e LI 5 77 o e A 43, T AR AR 13 56 T
RSB B A BRI,

3 it i

O A7 AFF 52 48 FC AL 75 S AR i 7 A 2 s (58 Al T 14
SRR WA HARON A 2 P450 il X I 1E £
P A b U A PG ARG 97 9 TR 3k C2-F2 Sk 4k, A v
Vi) 7= 4 I =R P - (Rl o P 3 2 e g A s
P S CADHD i — 25 Ak R Al

H AT 22 W0 58 ) 1 40 B B 18 DL R A= o 41 4
¥ FUAS VE W AG 4 55 Ak AR BB M R, Palmerin-
Carreno %57 i) 11 B HE Q2 £ 2.2ab SEEL T RLIE
VY VAR s 0 150 Al TR 4 2R A T8 R 7 A 2
773 mg/ L, A W) AL SR RNAR R AR 7R 325K 5 82.3 U0 il
8.06 mg/ (L « h), SR 2iz F 2 52 b Tolk b4 7= ik
FEAE— 2 BRI . ) ZE Wyt b 47 2 W i AL LA = 4
PRI —¥E, Girhard 555 % S 5028 £61FF B8 14 40
il CYP109B1 REAH 1L FC A& 7Y A% 4 1) 201k, 2R
5 [5R Aph 1 F [530 l D  F3 3F 8 57 K- AL R T AR R
4, f (5 Ay P2 R0 59 Al D 7 A B 94 mg/ L. TR
1997 % . BUAT W 55 I FH A 0 6 ok AR [ A TR 1)
i i Al SR AR A L AR IR 5 B A O 20 1 (5 Al D
B Al S Y TR R 8 5 A% R O Ak LA B ) B AR B R A
G — 25 B v I A R 1) 7 i, Ok Tl Ak 2 7 (R A R
PP I

T 5 15 20 0 45 B R A 356 el % % 2 o 10 A K il
2R, TEIA K RF 0 B bR AR B SR S AR BL AR
VG AG A7 e Ak 72 b DL A5 15 Al R Y S B 3 AR
ot U630 Al D2 A g v 00 TR AR HEAT R — B . R
SPME-GC-MS $ AR , %} i 176 it 75 B A% % 46 FL A4S 74 0
A7 s A B 7= 0 A 2 R B e R A TN A 5 4 H . X

I T R A AT TR S A LR T S R R T TR
¥ HAw 4 N Burkholderia sp. PZQ14, AS#F3T LA
A9 S5t BUAC VG AR s A by ME — B 5L 00 i ok 2 v B
AT DL R ARG 5 2SR 10 T Bk o R R4 J 1 T o 9 38
B A A 5 B R LA 160 Al I 7 by B 4 /DN B 2 9
Pl o 3ok o B o 0 8 2R T B — PR R
TARR /N B 10 R AR

B I 3 ik B I R L B T AR R A R
B EIR K R B e X TR IR g 4 R
TIN o 2 AR AT A Bl X 2 A A TR A ) L AT
SRR HEAE T, AR 20 AT SR T 1 A Bt i g R
T T AN [tk Y X B T A B R R T G B B418 AR K
PSS SR TIN RR D ONEE 7 34 o8 SR A B 53N
X TR I A R e T R Oy e AR X
SR AE 5 e S5 AR A o [E] B £ A S AS [
03 Ja 1S b S X8 AR W e AR KR B B o R i B S
Fe* " MHLL T o Mg® ", B f) 5% A f 32 5 1 186
mg/ L, 3% Al BE A2 K 76 BLAE P4 AR A 2 1 2B 1l I3 Ak
i) ok — A3 ok AR b, 40 M 5 3R P450 il FE AR
JHE T CYP450 i £ 19 B 53R & A B 121 R Fil
MR AL A B 3E P bt R Fe® ™ i i in I
AL BAT W AR EVE T . a6 &5 2Rt DA T i
W1, Burkholderia sp. PZQL4 " & A 9 40 M 2 %
PAS0 [l nJ GE XS FLAE V4 SV A7 Js e A AE 8 (5 Avly 7 2 59
TR

e 5 DR 3R 0 A Al b R AT e 7 1 AR A
W e ARG IR SR 2L 20 O 2 38 o/ L A A B L 25 ¢/ L
FI#.0.60 g/L FeSO, . 7E M A5 4 N #E4T 3 B HE 1K
B, [ A A s Ak 328.694+17.88 mg/L, 4 It LB
Br Rk L B 5% Ak it 42 T 251 mg/L. Y5 Girhard
SEUT A BN 94 mg/ L A R A B 4R T
234.69 mg/L. F34b, Tk A Wy 5% Ak AR S (B Al R Y
FEALRORIE 32 22 P DY 252 ) A 55 8 TR 1 1 1)
JUE W e BE e A TR) L B A R b 28 K ik R L B R U R
IV SR 25 | J5 B30 AT LA X 33X S5 Al 25 AR AT AL LA
HE— 20 4 v (5 Al ) 7

1H 3 8 JR TR BRT J o — Bl 2 AR TE TR L R
Py RN T 2 LGB M 4 B A 2 W S IE
Z R R Z R . Wu S0 RS K B B R
Burkholderia cepacia GS3C T B 40 {5 2 P450 B
TSR XS - 7 e AR W B T e B AT 3 B £ AR
J s Matsuda 5551 A 8 5 43 85 1 1 Bk Burk-
holderia sp. KTC-1,1% W& 7F B2 £ 414 F A (+)-JL
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Screening of strains for biotransformation to nootkatone

and optimization of medium components

PENG Zhigian' ,CAO Ting®,FAN Gang',LI Xiao',REN Jingnan',ZHANG Lulu'

1.College of Food Science and Technology s Huazhong Agricultural University/
Key Laboratory of Environment Correlative Dietology -Ministry of Education ,Wuhan 430070,China ;
2.Wuhan Institute for Food and Cosmetic Control sWuhan 430040,China

Abstract Nootkatone is a typical aroma substance of citrus fruits,and valencene is often used as a
precursor substance to produce nootkatone in industry. Compared with the method of physical extraction
and chemical synthesis,the biotransformation method to produce nootkatone has the advantages of high
specificity,speed and efficiency,and can be added to food and cosmetics. In order to screen strains with
specific biotransformation functions, soil samples were obtained from citrus orchards, and the growth
curve and the yield of the nootkatone produced by the transformation of valencene were used as indica-
tors to carry out preliminary screening and re-screening of the strains., SPME-GC-MS was used to meas-
ure and analyze the types and contents of the products produced by valencene biotransformation. The re-
sults of physiological and biochemical tests and 16S rDNA sequencing showed that the screened strains
were identified as Burkholderia sp.,which was named Burkholderia sp. PZQ14. On the basis of LB me-
dium, the transformation amount of nootkatone was used as an indicator to carry out a single factor test
of medium composition, and then the effect of the combination of different mass concentrations of the
culture medium components on nootkatone yield was investigated by response surface optimization test.
The results showed that the optimal medium components were as follows: glucose concentration of 38
g/L,peptone concentration of 25 g/L,and FeSO, concentration of 0.60 g/L. The content of nootkatone
was 328.69117.88 mg/L and the transformation ratio was 35.73% 41.24% when three validation tests
were conducted under these conditions. The nootkatone yield increased by 251 mg/L and the transforma-
tion ratio increased by 27.30% compared with LB medium. It will provide a new way to increase the
yield of nootkatone and lay a theoretical foundation for the further industrial production of nootkatone.

Keywords strain screening; valencene; nootkatone; biotransformation; Burkholderia sp.; re-

sponse surface optimization

(FTAE % 4 . A AR )



