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Whole genome sequencing of two Lactobacillus plantarum strains
isolated from human milk

ZHANG Huan-Chang' DUAN Yun-Feng®
ZHU Bao-Li?> CHANG Xue-Dong '

1 College of Food Science and Technology, Hebei Normal University of Science and Technology, Qinhuangdao,
Hebei 066004, China

2 Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology Institute of Microbiology,
Chinese Academy of Sciences, Beijing 100101, China

3 College of Resources and Environment, Yunnan Agricultural University, Kunming, Yunnan 650201, China

XU Li-Ming® CAI Feng® LU Na’

Abstract: [Background] Breast milk is an important screening database for probiotics, among which
Lactobacillus plantarum is a one that is adaptable and widely used. Different strains of Lactobacillus
plantarum show differences in functions, but the existing physiological and biochemical methods have
limited research on its potential probiotic characteristics. Identify probiotics with good specificity by
high-throughput method has become a hot topic in probiotics, research. [Objective] Combining with the
biochemical characteristics of the bacterial strains, the potential functions of the two strains of Lactobacillus
plantarum were predicted based on the whole genome sequencing and analysis. We explored the phenotype
of the bacterial strains based on the genomic structure. In particular, we searched for genes related to
intestinal fluid tolerance and bacteriocin synthesis. [Methods] We separated two strains of Lactobacillus
plantarum (MP55, MP37) from human milk, used the [llumina genome analyzer to sequence whole genomes
of the two strains, annotated the genomes by Prokka software, adopt carbohydrate-active enzymes (CAZy),
and performed functional annotation using the koyto encyclopedia of genes and genomes (KEGG) and
clusters of orthologous genes (COG) databases. Coding sequences and ribosomal RNA were predicted using
Prodigal, RNAmmer and other tools, and the genome ring map of the bacterial strain was plotted using
CGView software. [Results] The whole genome information of two strains of Lactobacillus plantarum
was obtained through gene assembly. The genome sizes of Lactobacillus plantarum MP37 and MP55 were
3204 421 bp and 3 299 180 bp, respectively. (G+C)mol% contents were 44.36% and 44.46%, respectively.
The genome contained 3 012 and 3 101 DNA coding sequences, and four genes related to intestinal fluid
tolerance and a cluster of genes related to bacteriocin synthesis were found by combining the biochemical
characteristics of the bacterial strain. Raw genomic sequence data and splicing results have been submitted to
the “gcMeta” platform. [Conclusion] Through high-throughput sequencing analysis, this study revealed the
possible mechanism of MP55 and MP37 activity of Lactobacillus plantarum in the intestinal tract and
inhibition of pathogenic bacteria. Lactobacillus plantarum MPS55 and MP37 are two potential candidate
strains of probiotics. The results of this experiment provide genome information for further elucidation of the
functional mechanism of the probiotics.

Keywords: Lactobacillus plantarum, Probiotics, Whole genome sequencing, Breast milk, Bacteriocin
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Figure 1 Scanning electron microscopic (SEM) analysis
of bacterial isolates

TE: A HPIFLFFE MP37; B: FHAFLATE MPSS.

Note: A: Lactobacillus plantarum MP37; B: Lactobacillus
plantarum MP55.

Table 1 Classification and general features of Lactobacillus plantarum MP37, MP55

REAE HEPIFLFT B MP37 FEHIFLAT B MP55S

Property Lactobacillus plantarum MP37 Lactobacillus plantarum MP55
1, Domain 24 Bacteria M TA Bacteria

I"] Phylum JEEEWR ] Firmicutes JEEELR ] Firmicutes

2 Class TR 4 Bacilli R Bacilli

H Order HAFE B Lactobacillales FAFE E Lactobacillales

Fl Family HAMER} Lactobacillaceae HAFEFR Lactobacillaceae

J& Genus FLEEFFE & Lactobacillus H T EE Lactobacillus

Fl Species FHYIFLFF R Lactobacillus plantarum THPIFLITEE Lactobacillus plantarum
#k Strain MP37 MP55

#2230 Gram stain 22 [CBHM B Positive 22 [ BHE A Positive
JHHETEA Cell shape FFIR Rod PR Rod

B REFRHIRE Optimum temperature 37°C 37°C

HuBR{ B Geographic location A [En k. Hebei/China H [# ]t Hebei/China

10.001
—+—MP55 ——MP37

- 9.00f
=)
E 8.00f
=)
S
= 7.00F
en
(=}
2

6.001

SO G Th 2h 3h| 0h 3h 6h 24h]

Artificial gastric juice | Artificial intestinal fluid

2 FRMETHERNE

Figure 2 Survival counts under different conditions
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Escherichia coli Pseudomonas aeruginosa Staphylococcus aureus
ATCC25922 ATCC27553 ATCC27923

B3 IHEEY BUEMEEMAFE MP37. MP55 LiERAEREMINE 1%

Figure 3 Inhibition zones of Lactobacillus plantarum MP37, MPS55 on agar plates, obtained from the agar well diffusion
method

e AL CRERA, ZHAlIA 100 uL MP37., MP55 AWE B3 B D J9XTHEZE, A 100 uL fEFFLER B FIAH ] pH 9 MRS
IR AL RN . KIBFFIN ATCC25922 ., HZR{ELRILIR ATCC27553 ., <2 (LI 4Bk ATCC27923.

Note: A, C for the experimental group, respectively, add 100 pL of MP37, MP55 fermentation supernatant; B, D for the control group,
add 100 pL of MRS medium adjusted to the same pH using lactic acid; The indicator bacteria are: Escherichia coli ATCC25922,
Pseudomonas aeruginosa ATCC27553, Staphylococcus aureus ATCC27923.

=2 EWIITE MP37. MP55 BB F AR L RSt MY FAF T MP37. MP55 JERAH BN, MRS

Table 2 Statistics of assembly results in Lactobacillus PUANIT . o
plantarum MP37, MPS5 genome £ 439124 3 299 180 bp Fi1 3 204 421 bp; (G+C)mol%

FEAE T FLIFE MP37 HHIFLIF1E MP55 SRR 44.46% . 4436%; HbaRIaE T

Features Lactobacillus Lactobacillus plantarum 3 101, 3 012 /l\ﬁ El Eli‘ % EEH“%‘ ﬁu (protein-coding
plantarum MP37 ~ MP55 o

Number of scaffolds31.00 19.00 sequence, CDS), S G B 3,

N50 (bp) 363 203.00 366 013.00 23 REABEFRIEE

Mean_length (bp) 106 425.00 168 653.00 T HETT 2 BRETRE 5 E A LR AT B = I

Max_length (bp) 632 608.00 667 180.00 W2 . Hysd 4 MP37. MPSS 1% FLAy 528 3

Full length (bp) 3299 180.00 3204 421.00 o o

o e _ HELY 8 Heh By FLAF 5 8 R ARG 5 bRLIR

Q30% 95.95 95.87 HENRZELFME 5. RELEMWER

(G+C)mol% 44.46 44.36 MP37. MP55 REEFE — &I 5P FLAF AL T [F]
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4 HEILAFE MP37 (A). MP55 (B)aYE F AR E L

Lactobacillus plantarum MP55

B CDS

H (RNA

B RNA

[ Others

B GC content
B GC skew+
Il GC skew—

Figure 4 Circular map of Lactobacillus plantarum MP37 (A), MPS5 (B) genome
e FERAURAE, MARAEIR.G, 1. BEAmBTH]; 2. (RNA KL ; 3. rRNA JEK; 4. HAftb; 5. GC &5 6. GC IEwEL; 7:

GC & fw#%.

Note: Genomic features, moving from the periphery to the center of the map: 1: CDSs; 2: tRNA genes; 3: rRNA genes; 4: Other; 5: GC

content; 6: GC skew+; 7: GC skew—.

—433¢, SIABZURT R R 40 A B 0T,
¥ Lactobacillus plantarum DR7 5 MP37., MP55
AERIBLNESG LR,
2.4 ERFEBFRINGES TN
2.4.1 CAZy INgeFn

CAZy JEWHFERoKAb &6 B J3 fife i ) 2 22
BRI AR PSSR, MP37, MPSS [y

*3 EWMIFFE MP37. MP55 HEHEARYFE

Table 3 General features of Lactobacillus plantarum

MP37, MP55 genomes

FHIE HPIFUAFE MP37  AEIFLAFIE MPSS

Features Lactobacillus Lactobacillus
plantarum MP37 plantarum MP55

Bases 3394812 3286523

CDS 3101 3012

Number of Contigs 340 288

tmRNA 8 7

rRNA 1 1

tRNA 67 69

Jo 45 A6y 355 P9 2 L R 1) 9 T Rl 43 SR R T i R
G R RE B . BT K ARG . oK A& YR
Mg . BAKAL G WA BRI I T8 TS Tl . 1K
I B EE2E 0 135 4~F1 125 4>, MP37 g
Z T MP55 (& 6). H oK g B RZ ,
SR 58 ANHL 47 A, (AR 43% . 38%;
FUC R R W . oK AL B as A . oK
oA Yl , RS IR R, i T A
#1914~
2.4.2 KEGG Rg iR

KEGG S&7E7 T /KPS SER 2 K AX
T 8 R AT R T R RO R Y AR R TR
PITE AR A 2 240 12 135 >4 i KL DR 75 21 70 R,
MP37 HERIL N £ F MP5S, FHA122 105 1M %
(E 7). WNE7THTLIE H, WIS 58RACHE
Bz, HRNWSMEARGEE B FRE R
AEFE . NP . MR VKRG
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Lactobacillus plantarum DSM 16365

Lactobacillus plantarum ST.I11 j
47

100

Lactobacillus plantarum jdm1 M49
00

1
Lactobacillus plantarum WCFS1

Lactobacillus plantarum P8

MP37

MP55

Lactobacillus plantarum DR7
Lactobacillus plantarum ATCC 8014

Lactobacillus plantarum 16 54

100

Cluster dendrogram with AII/BP

Lactobacillus rhamnosus GG

87
36

Lactobacillus jensenii DSM 20557

97
97

Lactobacillus gasseri ATCC 33323

Lactobacillus salivarius DSM 20555

66
25
47

Lactobacillus delbrueckii subsp. bulgaricus ATCC

5 15HRFBRITENEZMERLER

20

Figure 5 15 construction of a phylogenetic tree from 15 Lactobacillus strains

I AU: WL JW{E; BP: 454 ADHE.

Note: AU: Approximately unbiased; BP: Bootstrap probability.

GT

GH

CE

CBM

AA

B0 Lactobacillus plantarum MP37
M Lactobacillus plantarum MP55

6 TEYILIFE MP37. MP55 B CAZy ThAE TR E
Figure 6 CAZy functional classification map of L.
plantarum MP37, MPS5

TE: GH: BFF/KAFRE; CE: Bokiba¥mess; GT. ML
fif; CBM: fKILGWISs Y AA: BHRTE TS

Note: GH: Glycoside hydrolases; CE: Carbohydrate esterase; GT:
Glycosyltransferase; CBM: Carbohydrate binding module; AA:
Auxiliary activities.

243 COG RE TR

COG 5l RS2 A R DR 4 A R EL s B (R 2
e I T EPO B T Bk A T 2R R 4 D i
ERERPL

YL WCFS1 SRR A9 Z 19T,
HE AT T ARG . 4R A s PO
LI, R 0 B B P AR TR 55 AT 0 b, AT B
KAV AP FLFFE MP37. MP55 HEFT 8 4216 Y
N

{lF CDS X Wbk B ) S L E 1 7 23 S ThRE S
%, HRIET 2 948, 2 863 I~ COG IHRETT R
(F4). FEFWIMIN CDSs Hr, 7T LR IPREE S i
KA G Wiz a5 A . B S A — Mk D RE T e
%, S5HYFFEMP37, WCFS1AIEL, HYFLI
M55 2 5ok A G W iz FAEH(G) Y S R B i
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<
ﬁ Glycan biosynthesis and metabolism
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Metabolism of cofactors and vitamins
Xenobiotics biodegradation and metabolism
Nucleotide metabolism
Substance dependence }
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]
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=
g Cancers: Specific types %
=
= Cancers: Overview %
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Replication and repair ;8
8 = . . . 23
22 5 Folding, sorting and degradation 5%
Q 72}
g g é Translation [BM76
g &

Transcription

76
5
5
Membrane transport }‘512
Signal transduction ‘5‘%

Information
processing

" Transport and catabolism i
g2
ER Cellular community-prokaryotes %
2 3 W Lactobacillus plantarum MPS55
© & Cell growth and death %8 M Lactobacillus plantarum MP37

B 7 H#EYFATE MPS5. MP37 # KEGG M55 £ E
Figure 7 KEGG functional classification map of L. plantarum MPS5S5, MP37
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Table 4 Clusters of orthologous groups (COG)

functional categories in 3 completely sequenced genomes

of Lactobacillus plantarum strains

COG H¥F AT B MP37 H¥JFLAT E MP55 AHYIFLAT B WCFS1

code 7 etobacillus Lactobacillus Lactobacillus
plantarum MP37  plantarum MPS5  plantarum WCFS1

B I 1 0

c 124 124 114
D 43 41 26
E 232 234 267
F 108 107 87
G 309 341 313
H 124 141 91
I 106 104 75
] 214 215 155
K 287 290 305
L 123 121 157
M 174 183 156
N 21 19 11
o 87 92 62
P 134 138 169
Q 37 37 2
R 269 268 01
S 190 194 224
T 132 136 100
U 23 24 26
vV 88 79 60
W 4 4 0

W B: QHaSgii 58 i2E; C. femdE SR D 4
W AR, Q@MYL B ZUEREGE S0 F: &
TRRFEIZAUCET: G Bk EWEZ AT H: frgdzin
W T NEBTEIE AR T B, ROREALS A GG K.
Besk; L: DNA &), HAMBE; M: J0fEE, A0, sk
WA N 4Esh; O JARMRG B S554i8; P
THE THRAZ A Q: BB I AY S I, Feiz AL
s R: —RIDEETIN; S: PIRERHM; T: fHFSFSHUE; U: M
WIS SHILFEELEY; Ve PP W HSER.

Note: B: Chromatin structure and dynamics; C: Energy production
and conversion; D: Cell cycle control, cell division, chromosome
partitioning; E: Amino acid transport and metabolism; F:
Nucleotide transport and metabolism; G: Carbohydrate transport
and metabolism; H: Coenzyme transport and metabolism; I: Lipid
transport and metabolism; J: Translation, ribosomal structure and
biogenesis; L: Replication, recombination and repair; M: Cell
wall/membrane/envelope  biogenesis; N: Cell motility; O:
Posttranslational modification, protein turnover, chaperones; P:
Inorganic ion transport and metabolism; Q: Secondary metabolites
biosynthesis, transport and catabolism; R: General function
prediction only; S: Function unknown; T: Signal transduction
mechanisms; U: Intracellular trafficking, secretion, and vesicular
transport; V: Defense mechanisms; W: Extracellular structures.

&%, HEEREN 11%; —EkzZE, MP37 25
RE AR I (O N iR £, 5 ETEREAY
43%2Z% . HHN, MP37, MP55 TERFHIALE] (V)
AT T —EBERRTER (0 88, 79), HAUERE
ZF Xt PR (60).

244 RAEMZ AR ERE

o T Tiif 7 1 S 0 5 i 2 TAT A R e B T R
Z—, Hyew T WA/ NN RS AT A fE R
F1B7 BEFER K fi# B (bile saline hydrolase, BSH)
b AT A3 AT R A Y DR I A 2 T A
ARG BSH AYRE I BIIE b AT ok BRI 32 i (0 g
1P RIS 2 6 BSH b L PR i A A ik
PR E HA SRR — D EEER. 5
Hh, BSH i J&—Fp B AH WA H 2 2s, Hak
JK A A 5 T AR L T 2 ) ) T M e OO t,
BSH i 5 M ELEFRAE 1A C, MLl IRk &
(AT AT 25 5,

FEYIZLAT TR WCFST TR R AE M8 Hh HA R =
R, LR EER A P AEAE 4 -5 BSH AHEH
KL (bshl . bsh2. bsh3. bsh4)P? ., S@iEXFEL, 7
AT MP37 1 MP55 s $6 3 ik 4 P HEA
(F 5), HARMIBEEHAE 908%L) |, JET X sbRL 2
FRAE, FTAERE T OSBRI PR 2R 0 R A0 B it 2 1 1
JE A
2.4.5 WREEIEEER LR

R ) FLAF TR AN B 2 A R 56 3k R 7 /N
7 18-19 kb, LIMGERZ M) WCSF1 #% R, 1%
PRANEE XA A TE 6 MRIT . h 23 Pt
MR, Hor, mERTF i — A aE &
B9 7 (mEFDH M1 — 4 & iz #B 9 T
(pInGHSTUVW), TARAY BEEAR X BRSO ER 23
(3G — DY\ T (pindBCD) . — AN ZH:
F(pInJKLR) V) S AT 8L | St A ) BERR
F(pInMNOP . pinQ)*,

VAW FLFF B MP37. MP55 Bl F45 3 S
WCFS1 #7xt b (B 8), ATLIEH, Y7
MP37 fE7E 58 WA TR 2 G BUSE AR 5 I A 4
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&5 @33 NCBI X EL#ETHEY FLAT & B Sk AREEHE X 2 F L

Table 5 Comparison of bsh gene between the Lactobacillus plantarum strains, and calculation of percentage of identity,

Blast program from NCBI was applied

R bshl bsh2 bsh3 bsh4
Strains (VALs ALE  fE AE E AUEE i ARLEE
Position (bp) Identity (%) Position (bp) Identity (%) Position (bp)  Identity (%) Position (bp) Identity (%)

Lactobacillus 196 139-197 113 99.49
plantarum M55
Lactobacillus

plantarum MP37

103 807—-104 781 99.59

429 893—-430 909 99.51

243 127-244 143 98.92

39 259-40 245 99.59 29 646-30599 98.43

40 397-41 383 99.49 211 919-212 872 98.43

WCFS! @@l 00 S5 shmmd) ) @e¢ ) =) i) Do)
MP37 GGl ) D5 shmmd) B @ae | ) J5) D)
MPSS P @t¢ mmm)mm) o) Hu)n)

8 IHEMATEMNERHEXRER LK

Figure 8 Comparison of bacteriocin gene between the three Lactobacillus plantarum strains

FLAF R MP55 BRAFTE5E B 1 4 16 3= 1529\ F (pInEFI)
B PRI\ T-(pInGHSTUVW)SN, R T 4 NMEAE T
(TR AT ARG IE R, RIAE R T B9\ (pInABCD) ikt
KT pind. plnB FEH; TEMHZRIRIT (pInJKLR)
R T plnK . pind FE; FEGRSAR M RE R
WF(pInMNOP . plnQ)H WIAF 7 Bl 2%

Hrp, ping . pinK PEERXT AN R & A HIR
KRR , 33X PRI [R] 4 ) 25 — 65 10 T Th BB 3%
YW, H24Y5 plnE. plnF [R)WH7AE R RE R
BREGID BRI 1000 /554, PRIE, %3 i B
JAEFRIS AT A5 e B AR A B e ) AR AEI IS
SRR R, MP55 HAg— @ i tE, B, 4
WIAE MP5SS5 | 7] BRIAAEAE— L SN BE I AHHOC Y
FCAEDE, OCT b [l R 5 i — PR
3 WRE%®

FEFLA YR — N E eI, KRR
TR LT RES BB S, HEE
Bt A, B s AR R s ), B R AT R L Bk
A ) R BT AL AT i 22 PO AR AR T i
FRBEEFLREAS, Jreg | ik 1 I AR AT A -

FE A 1 07 3 B B A B, 3K T PR T R B R AT
Wit 3z, I Rl X B AT R ATCC 25922, Hi%k
BRI ATCC 27553, &M ERE ATCC
27923 HA —EWMMHIEE 1. TEMELAE b, FAT]
X H AT T AR MR R o, B Y 8 43
S CAZy KEGG Fl COG ¥l EVEAT T 1% -
TR R, MPY7 WIHERE R R £ T
MP55, HMHRRE A2 SN . B RC .
oKL S YRR, B HAT BB B B Y ik
KAGDFIRBET . Ao, BATHET 4 5
BSH FHOCHZE, AHIHEFARTE 98% LA s B &I
T—B SRR HEE, L MP37 f77E
SEREMAN T AR, 11 MPSS SR T 4 44
TR OCEE N, LR )Z R T Y FLFF
B MP55. MP37 Wi AE 28 A HLEE

g5 FRTR, AR o B | e S N 2 e
A B PR AL P FUAF I Y LR F R
B 3 A 4R 30 1 5 1 W Tt 52 A DG 1) 2 TR A 5 e
A DG 14 240 TR 255 IR IR 752 , 100 3 TR R i 52 122
HATETE DN RE 1Y 4 A TR TR PR o AR S A 45 51
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