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Screening and culture condition optimization of a
butyrate-producing Clostridium beijerinckii strain from sheep

FU Yuze®, JIAO Shuai’, ZHANG Naifeng’

Key Laboratory of Feed Biotechnology of Ministry of Agriculture and Rural Affairs, Institute of Feed Research,
Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: [Background] The digestive tracts of humans and animals harbor complex microbiota
composed of diverse species which inhabit different parts of the intestine and perform specific functions.
In recent years, butyrate-producing bacteria have gradually become a research hotspot in microbiology.
Butyrate-producing bacteria are mainly spore-forming Gram-positive anaerobic bacteria, which are of
great significance to intestinal health. [Objective] To screen butyrate-producing bacteria from the rumen
of ruminants and study its growth characteristics, and further optimize its culture conditions to improve
the butyrate production. [Methods] Butyrate-producing bacteria were screened from sheep rumen
contents by dilution coating method and identified via morphological observation and 16S rRNA gene
sequence analysis. Single factor test and Box-Behnken design were employed to optimize the acid
producing conditions of the screened strain in reinforced Clostridium medium (RCM). [Results] The
strain screened and identified was Clostridium beijerinckii and was named C. beijerinckii RS. The
butyrate production of C. beijerinckii R8 reached 2.48 g/L under the conditions of 1.22% inoculation
amount, 38.45 °C, and pH 6.08 for 64.67 h. [Conclusion] A strain of C. beijerinckii R8 was screened,
which grows and produces butyrate in RCM, demonstrating a high application value.

Keywords: butyrate-producing strain; Clostridium beijerinckii; identification of strain; response surface
methodology
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AL A= e v, X Se il A A v o0 A e 1
B A R AL I DRy 3 AR O AR E P18, X A
FERER R T RN, TR ™
ZF AR 22 FRBH R A IR SR, 7R T
FEGS b . 1 32 T PR BT K e 1 AL A4 f
PS5 T T 4 T KA

SRR TR I A A T R P RO S
AN S, AT AESE PR R A T A A o —
Jiidr,  HBTFFE N B3 A [a] A= 35 v i e 45 21 A9
AR L TR R AR AR X AR s Sy — T, ik
PR AR 2N T RRRE, AR T TR
B Z oo A s B R KR
Tl A W A e, e R S AR A7 R AN

R, ABIE ST A4 -6 B N 24 mh o0 i e T
MR AL R I TR, WEST LR N R AR K
P, I mE N R AU R IR 264, LA O
TR AR A R B R R B2

1 #R5h%E

1.1 #eb
1.1.1 #HmXE

T b4 o T 5 8 S2 S BOp ik 4 08
WY T B0 8 IR PR A
1.1.2 EZFFHFE

12 T 18 BE B 3% B (reinforced  Clostridium
medium, RCM): BEEHRE 3 ¢, FNIRE 10 g,
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AR R 10 g, H%IWE S5 g, AIETEVER 1 g,
A 5 g, KRN 3 g, AR ELRE:
0.5 g, BEfE 20 g (WIAKEFREEITH]), ZE 1K
%1000 mL; J#97 pH 7.0£0.1, 1x10° Pa /& /%
K 30 min,

M EPEIERE IR 3 (trypticase sulfite neomycin
agar, TSN): BEERHZE 10.0 g. EEMAK 150 g.
WAREREN 1.0 g FPERRER 0.5 g R HTEE & 0.05 g,
ZHRFE R B 0.02 g. BiiflE 20 g (AR RIS )
ZEMKMZ 1000 mL, pH % 7.0£0.1, 1x10° Pa
5 K 30 min®,

1.1.3  EZE RTINS

WERRRE . A PIRE . RE R .
AR R . EAkE . K2 . ERER
R . TR . MR MRS R .
ZHRE R . BiE, LR B SRR
AEYRHHA R AR, AEREE R, B —
TERL A A IR A | I B, HigsgH
NF A R A 25 LIRAR RN, Hi95
b Tl el Vg P A= W B AR A IR
1.2 75k
1.2.1 Bk

it FH 2B o 1 IR 355 SR A TR A 15 R AR AT IR
AWBRARRE SR . e AR 5. 77T
BRI o> : (1) BUE B NSRS 10 g, TIA
#] 90 mL JCE /K, & T 80 °C /K% 10 min A
KAARZFE  IBAP5 A RCM K572k 37 °C.
21% CO, M JE T IRAESE SR 48 ho (2) # FikEE S+
BT 80 °C /K 10 min, %5 A TSN Rk,
37 °C JRAEFEEE R FE 48 ho (3) #EHL 107,
107, 107 BEEERR BRIE SR, WA TSN KE 3Rk
MR 37 °CL 21% CO, ¥ B T RS J% 48 ho
(4) HEIFES, EELU AR, (5) HITHEm
R B AT A A A 3R 3 DL B, 5 31%)
7 T K o

1.2.2 Bk EiH

(1) 43 i 4G 9107 B8 AR 1) 16S rRNA JE Ay
1)« {5 FH 20 8 B K 2 DNA 42 BRG] & e Beati ik
Y &L DNA, %114 5 PCR 5[4 PO (5'-GAGT
TTGATCMTGGCTCAG-3")Fl1 PC3 (5'-CTAHAG
GGTATCTAATCCT-3"), PCR WA : FiEn|¥
PO (20 umol/L) 0.5 pL, "T#5[4) PC3 (20 umol/L)
0.5 uL, f&4 DNA 1 uL, dNTPs (10 mmol/L) 2 uL,
10xPCR Buffer (¥ Mg>") 2 uL, Tagq polymerase
(5U/uL) 0.2 pL, Jo 25 8 F 7K % &2 50 pL, PCR
W46 : 95 °C 5 min; 94 °C 1 min, 50 °C
1 min, 72 °C 1 min, 30 /MJ§#; 72 °C 10 min; 4 °C
b o

(2) X} PCR P=¥yitA7 I 2lifh Je % 2= b 5t
B DORHE YR B w400 285 .
J¥J5 % H MEGA 7.0.14 ¥ &bk 16S rRNA Ji:
R R 50 & B

(3) X EEELTRATE T RO AR IAE K&
WV [1% 35 Fh 2 (R340, 37 °C. 21% CO,
WP RS 48 hlik 2 ER MR = B 1]
MU FE T ANt O BT IO 35 7 R AN
123 BREZREKFHENE

Pl 1%. 37 °C. pH 7.0 #1 24 h Jybr fEfEE A
Sy AT R R L RS . pH AR KN E] Y B K]
FAERKRREN E

(1) FefEHEAEAIE . 4 HEFR 1%,
3% 5% T%H1 9% T F RCM & A5 5%
Jerp, B9 24 h JE AR K OUIE I e
ODgoo M1 T 1R F= 2 o

(2) S AFEA AT I 5 < ORI R T
RCM K32k, $EM 50 5E T 36. 37, 38, 39
40 °C HBEH, Ki3% 24 h M4 KGN IE
W %EH ODgoo F1 T R 5 -

(3) ffE pH WM RE « BR300 4% Ah T
AJF pH (5.0, 6.0, 7.0, 8.0 F1 9.0)[) RCM £
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TR K5 FF 24 h i WA KA I 72 H: ODgoo
AT R i o

(4) S AEA A B ] A 5 < ORI 4 T
RCM RiFR %, AP0 EH: 12, 24, 36,
48, 60 1 72 h 1) ODgoo F'T PR 5 o
124 MNERLKEEEFZFHE

K FH Design-Expert 8.0.6. 1 #1511 o 1]
W5, B BUF RIHERY, X7 TR b
T AF AT LA 3 . Hi9E Box-Behnken fYH
ODAA BT R, 456 R H R
Oy ERERER R | R . pH FIAE I R4S B
AR, DLUTRR ™ i e AR BT PO PR R =K
) M) 17 T8 0 A S o e B TSR A 29 iRk
A, FEHAETE 24 TR RURD 5 ANE AL, DM
T RR %

2 BEREAW

21 FTBREMNSSIEFRSLE
2.1.1 ETFEHKVIP BN E

G0 7 BT AT 04 BT A AR IR A T VA 2
R, 3R TR RER I 8 MR T BRI,
W 1,
2.1.2 FHERMAMESEIE

I kE R8 it — A aifb /i T MAE S
VKA IEMES . EIAE RCM RE3R3E FINE R

*1 ERERPIISERER
Table 1 Preliminary acid production results of the
rescreened strains

Strain Lactic Formic Acetate Propionate Butyrate
No. (gL @b (L) (gh) (€4D)
RS 0.04 0.02 1.23 61.58 1.97
R13 0.03 0.03 1.88 94.01 1.85
Cl 0.24 0.02 1.76 88.11 1.69
R16 1.62 0.09 1.97 98.71 1.59
A4 0.09 0.03  2.10 104.82 1.58
C8 0.32 0.02 1.88 93.91 1.56
A2 0.04 0.02 1.87 93.43 1.54
D6 0.04 0.02 1.79 89.69 1.53

IERAE AR ILE 1. EERmER, bz
ANTE B sl FL 1 a— R oS, SR RDE
B, R, WIRESNER, B4, 522
ICRAME . 28, ZRfrhAs
2.1.3 4HE 16S rRNA EEFFIMEL R

PPk RS 1) 16S rRNA J&[K 74 n] I o — 35
B H B 57, P25 R4 BLAST WXt R, 5
2~ Clostridium beijerinckii i) 16S TRNA FE[H
FEIAI I S47E 99% LA b, W2 %4 B Ak iR
W J& (Clostridium) M FERIR A, v 24 WFERR
R8 (CB.R8) (K 2).
22 BAREMUFERREEFSEN
22.1 mEEME

FERARE R8 7E 1%—9%EFIFEEINAEK,
AR RN 3% (K] 3A). FEIR$EFIE T, Bk
ODgoo TERT 1, TR/ AT 7% A FEAR(E
ANERSR, T B AR S A S BT AT

1 SERNERFERAMERESE®)
Figure 1  Colony characteristics (A) and cell
morphology (B) of isolates.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5188

YA E R

Microbiol. China

20

—
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2 FEK#E RS (CB.R8)ET 16S rRNA EEFFMBN ARG AL, B

43| Clostridium beijerinckii JCM 8026 (AB647333.1)

Clostridium beijerinckii NCP260 (KJ957170.1)

Clostridium beijerinckii E102 (JX267117.1)

Clostridium beijerinckii HU-1 (AB771748.1)

Bacterium CDSHGTKB-9 (KU743238.1)

Clostridium diolis HBUAS58253 (ON109330.1)
Clostridium diolis HBUAS62690 (ON139134.1)
Clostridium beijerinckii (JX560483.1)

Clostridium beijerinckii JCM1390 (NR.113388.1)

Clostridiaceae bacterium AGP2-02-28-10 (MH699331.1)

[ CB.R8 (OP550424)
83 Clostridium sp. XH0906 (MZ254751.1)

Bootstrap IXZZE K 10005 §E

5NN GenBank & 5855 43 308 FRIEUT IR bootstrap 1 2 F5R ;s A F AR EER 0.05%1 741 i7F

2z 5+

Figure 2 Phylogenetic tree based on 16S rRNA gene sequence of Clostridium beijerinckii R8. Bootstrap
times are set to 1 000; The numbers on the branch points indicate the support rate for bootstrap; The
parentheses represent the GenBank accession No.; Ruler represents 0.05% of sequence evolutionary

differences.
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Figure 3
temperatures (B).

222 REEKEE

FEICHH RS 7 3640 °C JUHENAEK, &
FEAE KR R 38 °C (K1 3B). TEXIRE T, 4
K ODgoo fHHZIT 1.2, TR &A% 1.482 g/L,
223 miEZ£KpH

JEICHR A R8 #F pH 5.0-8.0 Ji [l N HEAP AR
K, EAK pH N 7.0 (B 4A), fEi%4 K pH

Growth and butyrate production under different inoculation amount (A) and different

ST, TR &5 pH M 6.0 B S2560 45 - AH T,
HRKEDLT pH R 6.0 B SE5K 25
224 mwEZHKEE

FEECAR T RS A ] AR 2 017 R il 28 AL
K 4B, fefEAE KIHE ) 36 h, 7E 36 h A4 K
B gz, TR EraiE. UiH7E 36 h 5
FRAGEGIE A RE R, FELLAECIhRE b 3.
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A

14, cL4
12} 112 g
1.0} {1.0 ‘g’
s 08} {0.8 S
S 10.6 3
0.4} Growth {104 &
- Urow '9
02 -=-Acid production 102 <

0.0 - - - - 0.0

50 60 70 80 9.0
pH
B

12 13.0 _
—
1.0 125 &
0.8 120 §
g 3
S 0.6 115 3
04F 10 &
02l -8-Growth 052
: -=Acid production ’ 2

0.0 0.0

12 24 36 48 60 72
t(h)

4 A[EpH A)FMAREKEEB)FRETHE
KBS THTE

Figure 4 Growth and butyrate production under
different pH (A) and different time (B).

23 MWEHERMUFERKREERFYT
2.3.1 Box-Behnken i1 E &k F

MR B DR R AR RRF LS 2R, 1) %€ Box-Behnken
I R R ARk 2 s

M4l Box-Behnken i1 K 2 /K -2, 58K
Wi 1 AT 29 AMEe A, A5 R W3R 3 R,
2.3.2 MmN EREIE S

F| FH Design-Expert 8.0.6.1 B4 X 3¢ 3 Hh 5k
R T R & LG, 152 [l AR AR

% 2 Box-Behnken iXIEE =Z/KFxR

Table 2 Factor levels for Box-Behnken

experiment

Factors Coding Low Intermediate  High
level (—1) level (0) level (1)

Inoculation  X; 1 3 5

amount (%)

Temperature X, 36 38 40

°O

pH X; 6 7 8

Time (h) X, 24 48 72

#< 3 Box-Behnken iX 3G ITRIE RKF RER
Table 3 Factor levels and results of Box-Behnken
experimental design

Experiment X X, X35 X, Y(butyrate
No. production) (g/L)
1 -1 -1 0 0 0.702
2 1 -1 0 0 1.555
3 -1 1 0 0 0.660
4 1 1 0 0 1.574
5 0 0 -1 -1 2116
6 0 0 1 -1 1.889
7 0 0 -1 1 0.056
8 0 0 1 1 0.059
9 -1 0 0 -1 0.745
10 1 0 0 -1 2.148
11 -1 0 0 1 0.033
12 1 0 0 1 0.066
13 0 -1 -1 0 1.431
14 0 1 -1 0 1.924
15 0 -1 1 0 1.920
16 0 1 1 0 1.788
17 -1 0 -1 0 0.915
18 1 0 -1 0 1.565
19 -1 0 1 0 0.745
20 1 0 1 0 1.774
21 0 -1 0 -1 2.458
22 0 1 0 -1 1.847
23 0 -1 0 1 0.055
24 0 1 0 1 0.058
25 0 0 0 0 1.732
26 0 0 0 0 1.961
27 0 0 0 0 1.598
28 0 0 0 0 1.653
29 0 0 0 0 1.587

JE: Y=1.71+0.41X,—0.023X,+0.014X;—0.9 1.X,+
0.015X,X,+0.095X,X5—0.34X,X,—0.16X,X;+
0.15X,X,4+0.058X3X,—0.46X,°—0.027X,°—4.750x
1074X35°=0.58X,, 1% 7 B o T IR 7= %) T30 g o
(=R B s 2 U R A VAT Rk Ve & TP s
HARYL, Wit 5% R Adj R* . P H . T (lack
of fityFl F (B 55 Jr 22 43 v i o B AL 14 AT 47 1k
(£ 4). HEATH, PIEH/NT 0.000 1, XUEHIZ
BRI B2, AR R R 5 RSN 0.201 5 (K
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T 0.05), VEHABIRYHLG BE R AT, 0 1 i i 10
W, BRI A B R B R A e e R
(R*=95.94%) 557 IE. 2 BU(Adj R*=91.89%) T,
LAY S5 P RG4S SC I AR Y R S R
(coefficient variation, CV) N 17.34%, %48 F1H
1Y R/IN SRR AT {5 B R b, R AR
WL, MbriEm2ZE S5 FEEM ERR . T
Mg R BE, mACE pH (1, pH 8.0 T
MR = BRI, 1% R AN W AR I T bR i 22 S
EHME MR EM . £ BRI, AT LR AR
XoF TR R 1) 7 R 2 A Ay vie) Do A A 7 T
233 BHRFHREERSHT

FI ] Design-Expert FF %R 3 980264 7
TR ZICENEAG, A F A R R el
Jr R g 1A M A & W S, diA P AT
RS IE TR A2 GRS pH A HAEH]

x4 HERBEBESH

e o M L TAT Pl H bl 2 A R R SRR A R
WEE, FEARERIERR S EENANEE,
EWEIE MR R LA R, otk T
iRy AR, EE B i AR 2l R T
MR /32, BUEAS LRI BB, AP
SRR 5 . BT RT AL, RS S SR A A S,
e 8 e 3 s i /b s BfE pH {ERYSE AN,
o fH 52 e 1 JE e AR Ak o BI85 3% B ) BU(E R
67.93-75.86 h LI, pH BUE N 5.87-6.62 1
BRI BT, e b7 L A 1) R i o DX 3
234 MEEKCERNERAZHNTERS~S
28 b 35 F% S U AR IS Y TR bR TE 4 A Ry
1.22%. N 38.45 °C, pH 6.08 FlEEF5 0} [E] A
64.67 h Y51 T TR ™ & 2.479 3 g/L, Kbk
TERI I B BEA 2] T IR ™5k 1.970 5 g/L, ik
5 TR fEdtm T 1.26 5,

Table 4 Analysis of variance (ANOVA) for regression equation

Source Sum of squares df Mean square Fvalue P value
Model 15.880 14 1.130 23.66 <0.000 1
X 1.990 1 1.990 41.42 <0.000 1
X5 6.075x107° 1 6.075x107° 0.13 0.727 2
X; 2.352x107° 1 2.352x107° 0.049 0.827 9
X, 9.860 1 9.860 205.58 <0.000 1
XX, 9.303x107* 1 9.303x107* 0.019 0.891 2
XX 0.036 1 0.036 0.75 0.401 4
XX, 0.470 1 0.470 9.79 0.007 4
XX, 0.098 1 0.098 2.04 0.1755
XX, 0.094 1 0.094 1.97 0.1827
X5X, 0.013 1 0.013 0.28 0.607 7
X2 1.390 1 1.390 29.00 <0.000 1
X? 4.633x107° 1 4.633x107° 0.097 0.760 5
X5’ 1.464x10°° 1 1.464x10°° 3.052x10°° 0.995 7
X, 2.200 1 2.200 45.82 <0.000 1
Residual 0.670 14 0.670

Lack of fit 0.580 10 0.580 2.42 0.201 5
Pure error 0.094 4 0.094

Cor total 16.550 28 16.550

R*=95.94%, Adj R>=91.89%, CV=17.34%
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Acid production

Time
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44.18 52.10 60.02 67.93 75.85 83.77 91.68
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Figure 5

3 wE&#

7o TR R BT 1930 4, McCoy 4
WFFEAS 7 T 2 1 AE % i 4 2 Fh e e 7 X (B
BT S AT AR A e . FLIRER I AT 5 Bk
&Y. ZoCRERETE M Kl TR, T
MR e g R D) FE ek I, WEmE FA4M
FRIEIAZRIA . ARAE . 4 o Ak AT T G B
T, o A A e R R 2 O
WHE B, T RR IR it 7 1 20 1 i A il
RAR T RRRVE RS, X R e RIS R R
A 25 28 I BE AR AT BB AE A [R] 7] IR T =[]
FEAELsE o DL B SRR AR T R oA A 1 1 R
e B E A 7 AN SO (EH RO
153 B TR AR T IR O o8 e R A Y )
RE . 77 T R I A TR bR B PR L T S — 2B 5

T RE MR EE IR EE, PR
AN ] A= 358 P i e 15 2 89 7 T BRI 20 T IR AR
Hi(Clostridium butyricum)™, 7= T BRIV R T
TR 4R o A 40 15 3 148 B (Faecalibacterium
prausnitzii) . % [N (Roseburia intestinalis)'™* |
% BN (Eubacterium rectale) g & EFF
W (Eubacterium hallii)'9% , Horr, TR0
FBE 5 4 U0 I i e 15 8 1 T R MR I ZJU-F1

Interaction contour (A) and response surface (B) of culture time and pH.

M TERMRE NF3, 76 RCM B 5rh iy T g™
B 1.87 g/L A1 1.58 g/L; i M85\ fd B
WA R B B R AR I, H T )" & i
54 1.4 g/L; Duncan 28U fa B B2 L% 25 3 o
SrEARE] S RPN, Hh TR ERkm N
1.2 g/Lo ARSEH A I8 H N b i o 1R
PEREE S5 5 BT 15 B — 4k T R R =
TR, HAERR I AR R S 5 TR Y™
WATIk 1.97 g/L K£fh, FRRES R TRk E &
W .

FERR R —FIIRA . FPIR . 7 2R
2R, HAREREREZ, TRAK
YIa ) B IO s AR RIE R, MR A 4E R
WIS L SR BN B i K | o T B N ML S /S
MIEZS2EF 16S rRNA FE R 41 [] 57 255 1
P H A E N FEIRIR I, 4 WFEIRIR A R8. %
W VR R, WS A sl A —
B, SAMMETEIER, MR, HKES
RHEFFR . B ECLCEYE . T,
A, FRRETE LA rh ZH T R REA
TP T R M A AT A R . A
SEIG 22 AR KR I 5 Box-Behnken i 5653 T
FEICK A RS MYRAERE AR &M, fEHEMEN
1.22% ., iR H 38.45 °C. pH 6.08 Fllk%FEHT[H]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5192 Tl A 2 AR

Microbiol. China

h 64.67 h 54T TR 1A% 2.479 3 g/L, &
PRAER) I B B A 2 A0 T R~ 5 1.970 5 g/L,
AL JE W TR i EL B4R 1 T e s 4 & 1
1.26 fi5 o AWFFEERVIE R IR A E 1N
N HAE, FEAEY U 12 B FH A
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