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Lactobacillus plantarum or Macleaya cordata affects the
biosynthesis of vitamin B, by ileal microbiota of weaned
goats: a metagenomics study
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Abstract: [Objective] To explore the vitamin B;, synthesis in ruminant gastrointestine and
evaluate the effect of Lactobacillus plantarum (LAC) or Macleaya cordata (MAC) on the
synthesis of vitamin B, by the ileal microbiota of weaned goats. [Methods] Twenty weaned
black goats with similar body weights and ages were randomly assigned into a control group
(n=7), a LAC group (n=7), and a MAC group (n=6). The control group was fed with a normal
diet, and the LAC and MAC groups with normal diets supplemented with LAC P-8 at 4.0% 10° CFU/g
and 0.3 g/d MAC (3.75%), respectively. The contents in the middle section of ileum were
collected for metagenomic sequencing. VB12Path and KEGG were employed to analyze the
sequencing results. [Results] A total 55 and 49 key genes associated with vitamin B, synthesis
were identified in VB12Path and KEGG, respectively. The alpha and beta diversity of genes
involved in vitamin B, synthesis were changed by the supplementation of LAC or MAC
(P<0.05). Compared with that in the control group, the diversity of the LAC group showed
little difference and that of the MAC group decreased (P<0.05). The abundance of genes
involved in precorrin-2 synthesis pathway, aerobic and anaerobic synthesis pathways, salvage
pathway, and Post-AdoCbi-P pathway (e.g., gltX, cbiT, cobT, and btuD) in LAC and MAC
groups was higher than that in the control group. [Conclusion] The supplementation of LAC or
MAC enhanced the synthesis of vitamin Bj, by ileal microorganisms. This study expands our
understanding and analytical method of the microbial vitamin B, synthesis.

Keywords: goats; metagenome; ileum; prebiotics; vitamin Bj, synthesis

http://journals.im.ac.cn/actamicrocn



4220

ZHANG Xiaoli et al. | Acta Microbiologica Snica, 2023, 63(11)

e R Bry (PR AR )2 LR i n] Bl
R E SRR, AL A DL SRR R e 25 RN
Bile R 2 FhEEG P IE XS 5 S s uE i) A
B IR RS . s IR M koK Ak A W) RN R
i R AR . BRI, iR R By, BUAT
St S5 AR e MR B A P (R R
M, shi A S3h A LR B, EE Y,
— M o AP b ST BRI Y FE R TR AL T,
H S B P A R A R AR R,
WAEYE MR By RIEMMMELT, FIH
Tl A 4% 2R 8 # Pk ) T R &0 — R A
it . WA RN 2 5 BN AR R A e 2
(precorrin-2 synthesis pathway); BiFGPK 2 A
1 Jo4A A & 72 (anaerobic pathway)oli A & i,
%1% (aerobic pathway), ZidfliK ., Pia, EAN
] i F L5 RS Tl 09 /R R 2 R 4 5 Mk &
[ S (DN E YN a0 AN a2 & = &2 E Y O ) LN 7
a,c- Mt 15 b R H A i R B R AR (post-
AdoCbi-P pathway) i 2L 44 K Biyo IEAL,
S b o) H HE L 40 i 2 (salvage  pathway)
BT B 4E A R Bioo

HIH THEARTBER R R, — Mo it
AR RO YA R By G HUR
Y, MR T REBERGAKOF AR, %
JH TR 2 2 ] A kg A TR HD A3 AT 52 28 R B h i AR )
TR S AT RED, (MR TR B Ak
HRESR, RERNPRMM, REES, S
AL G 1) 2 TR P TGV E A b DX 43 5 4 AR AL
L B R IR AR 2 5 R R A s 42 1 SRR 4o
I, eggNOG F COG S5l T 2 54 4
AR chi RS 5 I ERAER cob HEH X
G3FF o R WA A SEEAG PR X, &5
YRR S I /27 3V B o ] 1T 0 5 e 1
M—E% e v uoR . BAgeh . 04
AT REBE PN . 2 SCHR IR, 3 019 PR e

<l actamicro@im.ac.cn, & 010-64807516

YR T U E A e R B T —A
BONSE B . VB12Path B . % B0
AT 60 N2 54EER B N, 4 287 731 %
FEHIA 21 154 D4r2RHIT, B EAE R KK
FF, AR T A S 54K By
B AR AR I SCHESE ] . BLAh, TEJP S K
b, BT R S8 T Swiss-Prot
TrEMBL #1 NCBI RefSeq &£ Mg, 4
I S AN, AR T S I 58 1 R o
P, RN B PR RE SRS B . B4 IR MLy
Wi 24 B P i I 4R R B B AR
E T8 s, BB A s FFZ 50
EWFSE I 4 sh ) S i A e E R B A
PISCHR, Toikf e R mER 43 H W iE LA
FEIE T, BB I AN B 1 5 At B R
(KEGG) L& Rt . R Am o8 Bz — &
M VBI12Path i 12 58 Ok e 4 sh ) B il
MEmAEAER B AR ERR, R 5%
4t KEGG B thx 45 il e, WIeEen
TF 5% B4 SR AR Ak

MR B R IR B A AL 2 b
MIRTT, HEER W IREEL L3R, Hh
WK B A R O — B B, T
J BE Sy A KA B B AN, LRI IS T2
Y LR . R TR ARG T s A
B, Wi S5 R RS A YR Ak, H AR
1485 77 Bt 2 B i [ i 2 P i e ) ik
Hb, AR K FRE RN, HETEE
MHE M (77.58 pg/mL. 183.68 pgl/g), [El7H K
i By, MM T i (816.62 pg/g ). RIILAHF
SO AR NI 4 . FLIRR AR M 25 A TR R
TN 751 Sk 2 fige W 4% 10 5 L9 T2 AR . el
H R o s in 7L R B T DA ol 3% 26 5 14 g T B B
VA, SR LIRS T, BEAR AT S AR
TR0 AN, ARG RTINS R, Wi



TR/NIEAE | A AR, 2023, 63(11)

4221

SEAF HOR AR IS AR W LR AT LA S 5 A4
T AL TR ] BRI e — R R AR 1
AW, (Ef SIRE P A ER N M E. Bt
FEARWI T [T RO AT 3o i 2 I 3 PP 2 TR
TR LRI G, SR AAE SN, HESRBLIA
e 71, (R n] DI il A 3 4
G, PEESS AR AE G, ARSIt
SN AR (] S ) 5 e ) L R R M T ok
AW FA AL BOR o A IR DL
LRI sh PR, DL ], SR
ANTIN it A= BRTARL ) LR BT I i A L 17 (] B
Pyoxt Wr s 26 - B A & A R B, IR
Wi, AR HERCR TR AL X 2 A Bdls EAEE T
RS, R SENT ST A s ) 8 I E R )
YEHE 2R Buo A WUSE W ST IR RIS T A0 RE B

R

1.1 R SHERE

WY 0 T A R P BIRF S (SEgeshy
PRI TR ), SR B b R BT
POl Rl A= S5 P s AR B 2 51 s dib o, Al
FRIRE s A 2 AR 4 . R
TRIAE 4(5.63+0.30) kg, “FH4ER(30+£2) d B
WL 20 H, FEHLAXTHRZH(CON, 7 H).
FLWR W 41 (LAC, 7 H)FE % 4 (MAC,
6 H). CON A{UmmMEALal HM, LAC AR
FEA HAR+10 g/d 19 #EH 90 3L R & (Lactobacillus
plantarum P-8 strains, 4.0x10° CFU/g), MAC 4
T WL RS H M 403 g/id Y T VR [ 3R B
(Macleaya cordata, 3.75%), #4510 # il lH7%
[l 46 B 349 DL T8 O XS TR & 2R R
St HHUREHLEL Ry 46, HUBMTIEARE, Kok
Gy BN SH Yang VKRR K 166.7 gk,
ALK 321 ghkg, EAM1 133.4 gkg, IRk
182.1 g/kg, FLiEHY 114.5 g/kg, BRERES 10.4 g/kg,

WREREES 25.2 g/kg, Bk 13.3 g/kg MR E
334 g/kg. Wilha-FRERSE THERE . HE
BRI, EK, AEH 8:30 1 17:30 4%
MRORH 1, A HEROK,
1.2 HmRE&E

Fe B E FAR AL A R B 2 s, S
[ 24 h, FESHUNEGE, 18525 BV CR#EE,
ST gy v B 0 B BE TG R O R A
WA, 17180 °C UkK#6, T DNA AR
R JG 25 HT
1.3 44 DNA RYZEN

BEEMAEY) DNA HEICR A Sino A I
P ZEME S DNA RF G, MR ATRERAS 5
PR AP e A o 22 FRBH PR TR Y EL DNA, - [R] SOA
s DNA Moeserk, RBRMEYE, AR
fE A R A B A% 0.1 mm F0 0.5 mm B4 4k
Bk, TEZHFE A L Tissuelyser-24
(Jingxin) D AFEEREE 1 min, 2 J5 R RE TR A
70 °C EHZE 85 °CiE4T DNA AY4H 1, HLH
) DNA F 1%:%5E R F Dk i e se Bk . it
2 UM 6O FE I ND-1000 I 5 H A% iR Hk B
(ng/uL) } 4§ & (OD,60/ODag) , HF-20 °CLREAF
M.
1.4 RERELENFEERRE

KRR AW, EEH 1 pg HEHH
DNA, ffi il Covaris S220 (Woburn)i#i 75 i T
Wr, (EFFFEA ST &3] 200400 bp ], #A
Jo, AR . I A B sk 4
b1 PCR 4" 14 %5 58 iU SCE M 45, A M
[lumina HiSeq X M JF¥ 1% &% H W o M J3 452 =X
(PE150)#EA T, FHLE@RE ] Trimmomatic!'
X IRR 7 reads R FRET R reads. £R
JiF BWA mem Hik(SH: -M -k 32 -t 16,
http://bio-bwa.sourceforge. net/bwa.shtml) iz
J& W) reads blast F| Il 3= X 44 (capra hircus

http://journals.im.ac.cn/actamicrocn



4222

ZHANG Xiaoli et al. | Acta Microbiologica Snica, 2023, 63(11)

ARS1), VDIBR 275 3 5 R 41 75 4y IR T & 19
reads, MIM753] clean reads, FFiH—H14
Hr(BioProject ID: PRINA946320).,
1.5 ZEREBHELE R B, EVEENH

K Zhou ZEV ik, f I AR E Y
clean data S4EAEZR By, 5 A B I REFEIN AL
#ialE VB12Path FUXT, 7534 Bk PR7E &5
PR, ®ME 2, BCHA seqkit stats 5
FFE SR RS reads B SRESEAT BAE G 22K
TEIrAT 24/ metadata SCHF, FEEEFE S PR/ N
FEAE RIS, RIGEf#EGIT database fE
NG LR AT 280 annotations 3CF, HJE ik
£ -m diamond Lk X} ik o X JE 1R MY
VBI12_functional profile.txt 1F ki 2k ¥ & A 4k
AR B MHRERERFERER, K5
ESE4007 7 1O

AL G R 2 B B i B, W s a1y
clean data [Tl Megahit dEf7reH %% 1 0285 AY
contig P73 I HIM 5 A CD-HIT #E ok
TTRIF(ESHN: 95% identity . 90% coverage)
WA R BN A, #5511 BLASTP 5
KEGG 54 2 Lo %45 I 5 st A= 4 iy 55 D5 2y
RETERE E -
1.6 HELIT TR AN

¥ F A VBI12Path 08 2 L X 15 21 i s AR
Y& e 2R By AHOCIEP R IR A1 2 H 8 4w
JiE KEGG 1592 Thgd B4 R R k4T
geitortr e rl Ak, A R Y reshape2 #l
vegan NI JEA TR BT ] pairwiseAdonis
oE AT BCHE M g i U, D geplot2 Al
complexheatmap HEFT4E TR0 T AAL! it
AR B MNP o 2T ANOVA
8T, P ZAEMERET Bray-Curtis BH 2550 (G Ef T
Adonis 431, BHLLEAER By YA HGE M
AUBEN I, 85K E N P<0.05,

<l actamicro@im.ac.cn, & 010-64807516

2 BER540

2.1 MR R Be B E LA

TR T HLECHE , B R A e
Ja . BIFEAS clean reads BB EIZE 1 036 040-
35 875 264 2], ¥ 20 MEEAN clean data F
5 VB12Path FdaAE X, —HA58]T 55 43
RIFIXT R 5 A pathway. BFEEDHERTERE M
R EEEUE T loglo B2 diHRE .
K 1A Fros, S50 2 4 B (precorrin-2
synthesis) WL £ e/, 25 LHERE
(anaerobic) & BUIH B IFE A 13 4y, HFEREY
WFSH5Em 2 GRWIEE, S5
A B (salvage) A 3 [R] () =F B A%

20 MEARAETCR B S KEGG %X
PR, TRk 49 B 544 E By,
B R AR DGR ZE IR o [RIRE -, b 3k 28 5L ] 1Y
FEIAT loglo LG HIARA, 458 8K
(F 1B), Z5EinGmk 2 A R 3k A = & i
. S 5 EAEA BGER W SER E E RAL,
HESHHERRENRERA 12 1, LRER
94
2.2 EELER B B 19 % [ HE B4 X [B] A7 1
EMEMEREEE B, WEENZHMR
A

mE 2 fioR, i VBI12Path B8 Hoxt
FIZE R B/, 5 CON UMk, LAC 411 MAC
2 1Y) Shannon #§%{. Simpson FE%FI Pielou $§
B B AR (P<0.05),  $2 7 4l ) L R B A 1
R EUIBEAR T 4 £ R B AHCEE M
FERIBSIE (B 2A). KA, PCoA 4rthi4hi i
/~(El 2B), CON 415 LAC 41, CON 415
MAC #4VI S LAC 415 MAC 4if] PCoAl Fil
PCoA2. PCoAl #1 PCoA3. PCoA2 #1 PCoA3
ZIEBIABGERE R, R 3 N4 g £



sR/NINEE | AR, 2023, 63(11)

4223

FEVE A7 7E B35 A 22 55(P<0.001) . [FlAEHL, #R
P KEGG £5H e b J5 i 18 1) S DR gE A 7 2 N 22
FEPERI SRS, 5 CON 4k, LAC 4 o £
FEPEFR B W AR L, H MAC A%
FEEMSER Simpson FEEUFI Pielou #8544
BERR(E 2C, P<0.05), B4, PCoA
STEER IR, 3 MR B SRR B

w

[

Abundance (log reads)

Abundance (log reads)

1 BMEBEEELXNS5%HEE B,
Figure 1
KEGG (B).

3
0 == - . (|

12258 2D, P>0.05 ).

2.3 EYIFLER & 3K 18 % B $2 B4 Xt [5] B4 i

EMEEREE R B, WEREFEEMEMN
R GEAE P L R T B (84 O X 8] A

BEEMAEY G AR B, BAK pathway HI52

), KA pathway HAFEDE HE S I [R] 19 22

Sto X VB12Path BdlEEmS, 40Kl 3A Fiw,

Anaeroblc
Post-Adocbi-P
Precorrin-2 synthesis
Saivage

- Aerobic
] . Anaerobic

Post-Adochi-P
M Precorrin-2 synthesis

. Salvage

BREXERNFEEHR
The profile of the abundance of genes involved in vitamin B, synthesis based on VB12Path (A) and

http://journals.im.ac.cn/actamicrocn



4224

ZHANG Xiaoli et al. | Acta Microbiologica Snica, 2023, 63(11)

ZHHREABREGRAEER B, MERT, 5
CON 4L, LAC 4fl MAC 414 cobT K3
JE 2 8 35 4% 5(P<0.05), LAC 415 MAC 4l
WA B 25 (P>0.05); 25 TABGBE Y
R B LT, 5 CON M, LAC 4
chiC il chiT B3 #P i 248 = (P<0.05), [HHT
chiA il cbiD 1A i A #494(0.05<P<0.10), Ik
4h, LAC 4181 MAC 41+ chiE Al chid iy =14
i E PR (P<0.05); = SRTMEIE 2 A i %
HRFH, 5 CON dAME, LAC 4 MAC 4
HrogltX #1 hemB B F R FHIG N T, [H
iF, MAC M FE R %S T LAC i+
(P<0.05), HAZEREMFRELE 3 NMHZEEAH
i3 1 25 5 (P>0.05); 25 HER 40 & i I
A H, 5 CON di#fitk, LAC 411 MAC

A

Hrp btuD WFEEH R ER N, FE MAC 4
HR B T LAC 4H(P<0.05). L4,
LAC #HH1 MAC £ btuC AR 2 4113 22
5, [HIAMET CON HA#H#(0.05<P<0.10);
Z: 55 RV Rl e 2 A ARG B G LR e, pduX Al
pduS 7 LAC AL FEAEE, H MAC 4
i opduX AYFEREEEE® T CON 41, LAC 41+
cobC-ado M % = T CON 41(P<0.05),
{15 MAC 4 %A 8 %25 5 (P>0.05).

I, X KEGG FdlafFERT(E 3B), &
SHERBINEER cobN B FE LAC ZHF1 MAC
HIEEMLT CON 41, [t LAC HEEMKT
MAC 4 (P<0.05), #:[H prmA fJFEF LAC 4%
FET CON 4 (P<0.05), [ cobM fr)=FEE7E
MAC £ % IR (P<0.05); & 5TA®RET

C Group
mCON ®mLAC B MAC

32| Shannon Simpson SR Piclou 3.5 Shannon Simpson SR Pielou
- 54t : 0.965F
| 0.80 * - 0.90}
il sl 14l 09601 4500
B 5 078 - 0.88}
. 0.955¢ szl
501 * 33
3.0) 091 .
e 0.950 0.86}-
. L 40,01 .
090} I 32
s 0.74f 0.945} 0.84l
B D Group
«CON+LAC-MAC
0.05- Q\ 0.05 1
ag = e
e < O\ 2 o
B S .00 ) S 0.00 3 & &
p ~ ~ > Y e
= = v & a o < 00F /
. E t|E y o 2 e /
ooy « 1 < / ] = -] /
e <-0.05} P» . <—0.05 f & s & (
& | S I < < o
3 = NEE: I |8 3 3 -
z ‘. I = = =
~0.10} | —0.10} 't
AT L L L L —005L, ., —0.2 il
/Q”P/Q'J' /Q.\ D /Q?‘ /Q')' N -0.1 00 0.1 VY AIDIDN D) v NN N ® S & Q.\Q

PCoA axisl: 73.7% PCoA axisl: 73.7%

& 2

PCoA axis2: 10.14%

A7 Q7N Q77977 o7 PN
PCoA axisl: 64.54%

PCoA axisl: 64.54% PCoA axis2: 21.64%

MBIRELEN S 54% R B, RGN ER N SN

Figure 2 The diversity of the genes involved in vitamin B, synthesis from VB12Path and KEGG. A: Alpha
diversity of VB12Path. B: Beta diversity of VB12Path. C: Alpha diversity of KEGG. D: Beta diversity of KEGG.
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Figure 4 The profile of the blast results from VB12Path database and KEGG database. A: The numbers of
total genes. B: Principal coordinate analysis (PCoA) profile of genes from VB12Path and KEGG database. C:
The profile of relative abundance of genes involved in different pathway.

P4 actamicro@im.ac.cn, & 010-64807516



TR/NIEAE | A AR, 2023, 63(11)

4227

VB | 2Path L] & femB
N KEGG £ hemC
g T homD
~— o
<
cobH cg ’
rohRB .|. o

Precorrin-2 synthesis,
24%

é chiJ

4 ChiT

5 HHF B ARERERHE VBI12Path BURE (LI &)F KEGG BUEE(F &)L &R StEER
Figure 5 The pathway of cobalamin synthesis and their percentage in VB12Path (red) and KEGG (cyan)

database.
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