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Abstract: [Background] The fowl cholera caused by Pasteurella multocida causes great harm
to the production, while the existing culture medium has the problem of low bacterial density.
[Objective] To develop the medium for the preparation of a P. multocida vaccine with high
antigenic activity. [Methods] Single factor experiment, Plackett-Burman design, and response
surface methodology were employed to optimize the medium composition of P. multocida.
Next, the immunogenicity of the bacteria in different fermentation phases was determined.
Finally, the bacteria cultured in this medium were used to prepare the vaccine, the protective
effect of which was evaluated by an animal challenge test. [Results] When the developed medium
was used for the culture of P. multocida, the maximum viable count reached 1.84x10'° CFU/mL in
6 h, which was 2.6 times that of the control medium. The antigenic activity of the fermented
product was the highest in the stationary phase. Challenge test showed that the vaccine prepared
with this culture medium well resisted the infection of P. multocida. [Conclusion] We
developed the medium for preparing a P. multocida vaccine with high antigenic activity, laying
a foundation for vaccine production.

Keywords: Pasteurella multocida; high antigenic activity; vaccine medium; response surface
methodology
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Figure 1 Results of single factor experiment. A: Bacteriological peptone. B: Growth-promoting peptide. C:
Yeast powder. D: Glucose. E: Sodium chloride. F: Dipotassium hydrogen phosphate. G: pH. H: Inoculum

volume.
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F1 PBIRIEITRIEZEKFE

Table 1  Factor level of Plackett-Burman design

[X 2 Factors 7K Level (g/L)

-1 1

A 10 12.50
B 5 6.25
C 15 18.75
D 3 3.75
E 7 8.75
F 2 2.50

A: MEFEA B fEEKAK; C: BEREEKY; D: 4
M E: S4B B BERE M. TH

A: Bacteriological peptone; B: Growth-promoting peptide; C:
Yeast powder; D: Glucose; E: Sodium chloride; F:
Dipotassium hydrogen phosphate. The same below.

#z2 PBIRKITE
Table 2 Results of Plackett-Burman design

Run A B C D E F Result (ODg)

-1 1 1 1 -1 -1 1272
1 1 -1 -1 -1 1 1.191
-1 -1 1 -1 1 1 1.136
-1 1 -1 1 1 -1 1.238
1.155
-1 1 1 -1 1 1 1.195
1 -1 1 1 -1 1 1.212
1 1 -1 1 1 1 1.217
1 -1 -1 -1 1 -1 1.136
1
1

© 0 9 N L AW N =
|
—_
|
—_
|
—_
|
—_
|
—_
|
—_

—_
(=]

-1 1 1 1 -1 1274
1 1 -1 -1 -1 1219
1.121

.—.—
o —
|
—_
|
—_
|
—_
—_
|
—_
—_

&3 PBRIEHERDH
Table 3 Analysis of variance for the Plackett-
Burman experiment

Item  SS MS F P ES Claan
Estimate of
coefficient

Model 0.026 0 0.0043 6.08 0.0332 0.0332

A 0.0015 0.0015 2.05 02116 02116

B 0.007 4 0.0074 10.50 0.0231 0.0231

C 0.0052 0.0052 7.40 0.0422 0.0422

D 0.007 6 0.0076 10.80 0.0221 0.022'1

E 0.0001 0.0001 0.10 0.7892 0.7892

F 0.0041 0.0041 580 0.0610 0.0610

W o BTl R T AT, R 3 L (F=6.28,
P<0.05) H e A KRR . BEREE A . A B
XNEZRAMEERITEMAERKES B E 2w
(P<0.05), H R&EAhiiH#01 0 IEMH 3] 120 1EAH
Ko LB REAL AR ROKG) . BERER B (OX) FI
(X)X 3 D RIATIE 2 B BE S i 50
A iy TR . AR R 22 F A 3 (P>0.05),
15 2 g R R H A KF
2.4 EBEMRHKIALE

H4E PB XG44 R Al A, R A KR (X)) 8%
BERBY (Xo) 136 2 0 (XK ) 1 4% n 5 T 4 % 38
EIEAHSCHER, FrLles: i msh b, #aitiz
A BEIEYHR A 1-6 Hik iR ah R I 4.
e WAE B KN, KBS 4 45 e B E
Him, EEEARS 4 USRS f5 2w N
gt SIS
2.5 BBD MNEIRIEEITRER

e PB i Al S In 45 %, i
Design-Expert 8.0 A4 #4700 i [ 535 704
Hepfk, o SEWE S BoR, SO E4E
1-17 ORI Z5 R a3 6 s o o34 I ds i 14 %
JEE I N AEL(Y) S A2 AR R R (X))« BEREIR B (K) F1
ZHEOG) A N ) 2 R AT R R . Y=1.33—
0.006X,+0.031X,—0.050X3+0.002 X, X,+0.012X; X5+
0.024X,X3—0.096X,%~0.083X,>—0.079X5,, Hil )i/ Al

LA BT RE 7 22 A A R LR 7.

F4 mBEREAEIRITER
Table 4 Design of the steepest ascent experiment
and the results

No. Xi(g/l)  Xy(g/L) X;(g/L) Result
(ODgo0)
1 3 14.75 2.75 1.182
2 4 16.75 3.25 1.151
3 5 18.75 3.75 1.236
4 6 20.75 4.25 1.288
5 7 22.75 4.75 1.195
6 8 24.75 5.25 1.121
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x5 WEEERITEZRMKER
Table 5 Factor of response surface design and

level table

x®7T WEEREHNSESR
Table 7 Analysis of variance for response surface
experiment

[ 2 Factor 7K Level (g/L) I Ttem SS DF MS F P
-1 0 1 Model 0.1400 9  0.0150 89.59 <0.000 1
Xi 5.00 6.00 7.00 X 0.0003 1  0.0003 1.61 02444
X, 18.75 20.75 22.75 X, 0.0076 1  0.0076 4518 0.0003
X3 3.25 4.25 5.25 X3 0.0200 1  0.0200 119.14 <0.000 1
XiXo 0.0001 1  0.0001 0.12  0.7415
x6 MENEEHRER X1 Xs 0.0006 1 00006 3.38  0.108 4
Table 6 Response surface design and the results XX 0.0023 1 0.0023 13.42 0.0080
Run X (&l) X (/L) X (2/L) Result (ODgy) X2 0.0390 1  0.0390 23242 <0.000 1
0 | . 0 123 Xy? 00290 1  0.0290 170.50 <0.000 1
5 O . 0 131 X . 0.0260 1  0.0260 155.55 <0.000 1
3 0 0 0 | 342 ﬁfzﬂé?ll;emdual 0.0012 7  0.0002
4 1 0 ] 1091 gﬁi*ff' 0.0010 3  0.0003 563  0.064 1
5 0 1 -1 1.223 Lack of fit
6 0 0 0 1.323
; 0 O . 1199 3R 7 HZESH a2 AL X TRk
8 1 0 1 1.103 Ui, FERRRRY . AT R K A2 A
? -1 0 -1 1.234 F(P<0.01), FHERMEIFRE R X>Xo>X5 X
10 -1 1 1.187 e . i .
" 0 0 0 1334 TP R I EAEFRUL, Bk A2
12 0 -1 1.070 WH Y22 B FE R A AR K A2 i . 25 (P<0.01),
B0 0 0 1.326 HAI A A 525 (P>0.05) s X FRERY A kK
14 1 0 -1 1.199 . o
15 0 0 0 1334 Ui, X 3 AERBEA R E(P<0.01),
16 0 1 1.190 ANTRI R 2R 22 0] i 38 B AR FH DA 558 v 2 PN 4
17 ! 1 0 1170 FE B, Design-Expert 8.0 221l 1945 5 WL 2181 4,
Effect value B
22.75
2B | =
5 - -
T 2075 3
2 fis
2
2 19.75
18.75 6 &
7.0

50 55 60 65
Growth-promoting peptide (g/L)

2 REKKSEBRMNZEERANEE KHFIE

Figure 2 Effect of interaction between growth promoting peptide and yeast powder on bacterial growth. A:

Contour. B: 3D surface.
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A Effect value
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.
&

. = _-' Ve
5.0 55 6.0 6.5 7.0
Growth-promoting peptide (g/L)
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Figure 3 Effect of interaction between growth promoting peptide and glucose on bacterial growth. A:

Contour. B: 3D surface.
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Figure 4 Effect of interaction between yeast powder and glucose on bacterial growth. A: Contour. B: 3D

surface.

ST LT U R, 0SS A A Y
T 2- &1 4 Hhfgme i B A R, Rt
M) 7 (B o7 A AR R 3 e X 8 22 A8 P L AT
DRI % B BT o — B D S B T A5 KA
1R BN EAES R - ARAR ARSI R 5.95 g/L,
TR B Iy 21.04 g/L, #ZHa NN
3.95 g/Lo TEULFAF BRI K ODg 4 1.341,
Zd Z G E Z IR S 5 B S5 R 1.334,

SR 4 o DRIt R AT L o A Y
Z AN R R A KIS
2.6 ABFELIE

G ZWERBAR S, KMAELREEN 3 h
NI HE K 2 L/min, #% 3 150 t/min, DL 3 h
GRS BN 5 L/min, ¥3#°5 250 r/min B
BRI AE KR o 7800 R 251 T Xt il
(A P B 7 L RN RS F5 JE AT A e b, 45
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R 8 R, &5 E/R: iR kME, Wik
WP, AR, R R IR
KB 6 h A BAREM, WEWBREN
1.84x10" CFU/mL; X} R 15 FE 3L L % 7 h A2 45 %]
st W, ISR EUR SN 7.05%10° CFU/mL,
& HIIF ] A 988 1 5% 0 AL 30 TR S0 10 g s [ R
Fxf BB R, O B RO L T X B R L
SR REBE SR Y 2.6 5 .
27 AREKMERAREERNEEDN
M E L5 R

WA AN [R] & By BE R B IR 25 Rl S B
N, SR B RTEEUE R IR, E AR E A
PIPLE AT AL S, BIRR e )G, WIAPLRE
FPUR R R R, B EEREZES B
#(P<0.05), FFTE G L Wy B AR ER R E . H I,
FEAS R 2 55 97 SR 45 8 2 8 M L IROPF TR
i, kIR WIENERN RS IR 6 h E AUk, It
IS P8 A D e R T S 28 S Ok ) T, o % P 92
B PR R A HRAAR

*8 BEEFRESHRIEFRELBER
Table 8 Fermentation results of vaccine medium
and control medium

Time Vaccine medium Control medium

(h)  ODgy TR ODgoy WM
Cell density Cell density
(CFU/mL) (CFU/mL)
0 0.103  2.28x10%f 0.123  2.25x10%h
2 0.487  2.21x10% 0.387  1.33x10%g
3 0.880  6.70x10°d 0.598  3.35x10°f
4 1.055  1.17x10'% 0.684  4.05x10%
5 1.123  1.49x10'% 0.931 5.25x10°d
6 1.265 1.84x10"a 0.979  5.85x10%
7 1.290 1.75x10"a 1.124  7.05x10%a
8 1.329  1.55x10"b 1.121  6.55x10°b
9 1.326  1.28x10'% 1.143  6.45x10°b
FPEIE R 3 AR R B - A, AR R /NG R
TN 25 5t 1.3 (P<0.05)

The data in the table is the average of the three batches of
data, different lowercase indicate significant difference.

2.8 REFERIPFIRLER

PR 293 43 51 0 A5 g R A 25 R s 6 i
AN, R BURE I B 3R AL (PM) Y L5 R 2
T B 1 2H (SP) (P<0.05). H2% J5 I 7 3
FANFR 9 PR, KBNS 5 IR A (PM) Y 0o
PR R F T B ¥ 41(SP).

18.5

._.
o
o

17.5

17.0

Serum antibody titer (log,)

16.5

Time (h)

B 5 AREKMEEARESBREERNNE
FR ARANGFEROR 22 5 13 (P<0.05)

Figure 5 Results of immunogenicity of thallus

antigen proteins at different growth stages.
Different lowercase letters indicate significant
difference (P<0.05).
18 -
Il rM 3

2177 mmsp

=

Z 16 b

Z15¢

= a

=

S 14}

E

s 131 _t"_

g

w121

| | |

—

First immunization Second immunization

o NRILEIgGHRABNHMELSR A
1)/NG FREFROR 25 57 11 2 (P<0.05)
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Table 9 Test results of vaccination immunization
challenge protection

Groups  fFiG 5L G PE (R 2
Survival number Immune protective rate (%)
PM 8/8 100
SP 6/8 75
PBS 0/8 0

3 W54 #®

R TR D T B T 2 [l R BRI BT
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P25 . PB sl A 7 1 40 By e vl 45 7
P E- Lo A TR AR AL, 15 8 ol & 2 A IR
FFRAA R BRE TR 5 . AR R 10 g/L,
AR 5.95 g/L, FEERE Y 21.04 g/L, #ZHE
395 /L, @b 7 gL, BERE A 2 g/L. KERA
55 E P PP 2 1 55 5 0 R T 8 22 R B [T
B, BRI RESTE 6 h 1A% 1.84x10" CFU/MmL,
SN RRIG SR B R ACR 1Y 2.6 £, HORHIER
TR B, BRI T AR AR

HAr, ZEHrkoa2mmeX, B
P T A 1 S e 7 (8 A 3k B —Fp o =K, il g £
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TR R i P A SR I o) 0, PR R AR
a0 & S N Ll SR A N Y N e o P N
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