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Abstract: [Background] Pulmonary flora is closely associated with host health and respiratory diseases.
Carbapenem-resistant Klebsiella pneumoniae (CRKP) is a common opportunistic pathogen in clinical
practice, while its impact on pulmonary flora after infection remains unclear. [Objective] To explore the
perturbation of carbapenem-resistant K. pneumoniae CRKP2 on the pulmonary flora of C57BL/6 mice.
[Methods] The C57BL/6 mice were randomly assigned into 3 groups which were intranasally inoculated
with CRKP2, carbapenem-sensitive K. pneumoniae KP2044, and sterile PBS solution, respectively. The
structure of pulmonary flora was analyzed via 16S rRNA high-throughput sequencing. [Results]
Compared with those in healthy mice, the alpha diversity and beta diversity of the pulmonary flora in the
mice after KP2044 and CRKP2 strain infection significantly changed. Specifically, the infection with
strain CRKP2 and KP2044 significantly increased the relative abundance of Proteobacteria and
decreased that of Lactobacillus. Compared with KP2044, CRKP2 showed decreased biofilm formation
and caused low mortality of infected mice, which indicated that CRKP2 infection led to weaker
alteration of pulmonary flora than KP2044 infection. [Conclusion] Although K. pneumoniae is an
opportunistic pathogen, high-dose carbapenem-resistant K. pneumoniae CRKP2 significantly affects the
pulmonary flora of healthy mice. Although stain CRKP2 has multi-drug resistance, it leads to lower
disturbance on the pulmonary flora than strain KP2044. Therefore, we hypothesize that the degree of

disturbance of the pulmonary flora by K. pneumoniae infection may be related to strain virulence.

Keywords: pulmonary flora; carbapenem-resistant Klebsiella pneumoniae; 16S tRNA gene;

high-throughput sequencing
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DRI, SR T R R MR T 114 56
F R AH DI B T FIYR YT 295 T BhaE LA
AR M 2y . ZEm A &
JIZ T 25 AR AN BTSN, 45 J5U& B 1Y IR 7 i
AR PRER . 2019 5, RBRAA 127 LT
9 151 M % A IR F Bt A5 &K i 24 (antimicrobial
resistance, AMR), 7 495 J1 AL T 5] i A K
FOEH AMR %, H S5 25 PR A5G R
P B YL AT A B 150 TP HiA R
W T BT K 2 2 R S E A
(Klebsiella pneumonia, KP)EGLit, JuHIE i
kT B M 2SIl R v F A A (carbapenem-resistant
Klebsiella pneumonia, CRKP)!", KP ZIfiE |
B M H UL B 22 G B PR FT I, o2 R e e iy
FEFMBOAE, TEVUARZEIRT R, &5
MR R GE . WK ARG 5 AR B SR
PN AE" Y BWE AT, AT 2
B IR ST AR THT I B R PR AR, XoF I W 1 R
MR, W] oy 22 E 24 T B PR 1 97 3 A1
BB, SR, HETERXS KPS 2R 5
81 5 M i s R R, o i v A T e i
TR, B S il o R ) AR ek A iR AN

N==S
T

ABF5EiE 18 CRKP I iE & YL C57BL/6 /)N
R, A 16S rRNA K[ il e 4 AR 434
R AR AU AR AL, HR9E CRKP J8&e X fiti 35 b 7
FIPe sl , DI R JE S TF & A R0k fa e 9 I8 e 1
Ty At F I A s S e BR A

1 #RE5xF*

1.1 ##
1.1.1 =F#k

i Bk 75 2 M DS i 8 ve B fA A CRKP2 [ Ak
S35 A FEB TR R B R AR A 5 il 48 v T R A
KP2044 [GenBank %3¢ 54 AP006725, HWfAEfk

(wild type, WT)]53 & AN B3, RZEFHE
SR B E PR A TR A ST T U, B A
FLHAMF; KIHFFE ATCC 25922 f4:Hif
HIE BRI ATCC 25923 MR REE, A
S5 5 ORAE TR K

1.1.2 %

1 FH 8 JH % T4 2 i JEUAK (specific pathogen
free, SPF)Zf C57BL/6 /N, KTy 18-22 g,
M s 254 B sh W o4t . I C57BL/6
NREEZ MR A& MG 268K, B hiEe .
YOK, FFOREAEAR R |« T EE AR S Y 2
S (N PR N A e e u Y i e L7 (B
TR, L AL B 22 Bl s e B ZE 51 S WAL
WA S WA B 2522 B sh () 26 2020-H1 1035,
1.1.3  EZERXFFLEE

EEANE . BEERB . MH K32 55(OXOID)Fl
2xTaq Plus Master Mix, JbETRE A28 AE PR+
AR F 3 Q5 high-fidelity DNA polymerase
5xReaction Buffer ,5xHigh GC Buffer 1 dNTPs,
New England Biolabs 23 F] ; 40 DNA $2 B
#5, Omega Bio-Tek 23 F]; DNeasy Power Soil
Kit, Qiagen /AH]., PCR 1, Bio-Rad /A +]; [
FRAFIEESM-AT LAy T, Gene A H]; 2%
SPEOGRETE, Promega 23 H]; HIER IS SRR AR
AR ErSL 78 N NRES LI VE il B <l S /AEl I8
1.2 A%

1.2.1 HHEESF

5 FBl R 7 B 1A B (CRKP2, KP2044) F
MH 3R AR |, 37 °C 8552, SR HREUHT
fitf PRLTRT 95 PP TR SR 5L, 37 °CL 200 r/min
PGB SR, R ODgoo (HZY 1.2 5 1:100 Fi B4
T 2B AR G SR 3 b | 55 3% EXTEOHED ODeoo
2 1.0-1.2 B5f, 12 000 r/min #.0> 15 min, FFH
JCUA PBS ¥ 1 F 2 e AR TR, AR A5 4 1 T
B EZ) 1x10"° CFU/mL, s 45 .
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PR BON T T 48 FLM P Ao fef 1% 55
Hrp, B 3AEAL, 37 °C#ERFE 48 h, K
IR ODeoo fH; W B FR3E, In A R [
G, SRR O, BT, et
PG, M 33%IKCTRVEWR , (45 a5 Yl 8
VR WBRE N GE ODsoo fH . 1% 1R
ODs00/ ODyoo 73842 W) AR X TE B 12
1.2.3 AL

MG 2020 4 56 [ i PR FH 52 56 %8 s o By 2
(Clinical and Laboratory Standards Institute,
CLSI) (https://www.techstreet.com/publishers/clsi)
KA K-B 40 #0E X 32 Mot Wi 2y
BOX e, MRHE CLSI R 25 Bk 50 % 5 &
(European Committee of  Antimicrobial
Susceptibility Testing, EUCAST) (http://www.

eucast.org)br X 24 i 25 IR A T
1.2.4 YRR

9 H C57BL/6 /INRFEHLAT M 3 41, B4 3 H.
X HRZH(PBS): 50 pL JGI# PBS & ; KP2044
24 : 50 uL KP2044 (A 110" CFU/mL) i £
W% &3 CRKP2 2. 50 uL CRKP2 (#JE R
1x10"" CFU/mL) I B ik & . /NG 48 h,
AR BE IS TOT S5 T R 2L (g sE T/ N T
T JE ISR IR A4, W R R 5 80 °C
UKFEIRAT o
1.2.5 16S rRNA EFEFINNERRZRFELE
oM

Z I DNA $&HUA R Gl B 45 46 A
WA ZH DNA, DIH gt , #H5149 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") il 1429R
(5'-GGTTACCTTGTTACGACTT-3")i#17 16S rRNA
FER Y PCR §7 34307 . PCR S AR Z (50 pL):
iR 3 uL, 1E. K5 [4#(10 pmol/L)45 1 pL,
2xTagq Plus Master Mix 25 pL, K E X Z%7K 20 uL.
PCR [ 444 : 95 °C 5 min; 95 °C 1 min, 57 °C

1 min, 72 °C 2 min, 30 ME¥; 72 °C 6 min,
K5 P58 i NCBI #9 BLAST #E47 551 H
WIPE S, IS BTl e 3 — 2o 99% R E
*1'16S rRNA ZE[H, SRH] Clustal X {172
JF#51 e XF (multiple alignments), F]H MEGA-X
A, K F 4R 2 (neighbor-joining method)#4) 22
REREWM.
1.2.6 BHEBEEf 16S rRNA EE M S @ENF

% i DNeasy Power Soil Kit $&HUili 2041 H
fhE DNA, SRAIZEOEMOEETH 1% 355
BRI FEL VKA DN DNA YR BE Al BT 5t o SR 5 14
F (5'-ACTCCTACGGGAGGCAGCA-3")FII R (5-CG
GACTACHVGGGTWTCTAAT-3") 47 PCR §~
B4 H R o PCR OB MR (25 pl): B4 DNA
2 pL, 1E. KIA54#(10 umol/L)%& 1 puL, QS
high-fidelity DNA polymerase 0.25 puL, 5xReaction
Buffer 5 puL, 5xHigh GC Buffer 5ul, dNTPs
(10 mmol/L) 2 uL, KEAZE/K 8.75 uL. PCR [
I %14 98 °C 5 min; 98 °C 30 min, 53 °C 30s,
72°C45s, 25 PME¥F; 72 °C 5 min, PCR 471
16S rRNA JE[H V3-V4 AJ 48 X J5 #E47 e Bl 4l
L FNE 7, SRFARMERY Tllumina TruSeq DNA 3C
JE £ SE g i AR A B AL SO o KR A I S
JF (10 nmol/L)i% 2 # B € it & 4-5 pmol/L J5 K
A Hlumia MiSeq PE250 V-4 AL (EiRFIR
ARV E VIR B AT R 7D o

i QUME2 (2019.4)!"HEf Pk 2 A= )
GRS, fH A cutadapt Z5BR5 18 R B, A
F DADA2UCEAT ids . oM DREERI i A
& A I H )% 5178 {& (samplicon sequence
variants, ASVs)FFE/FHIFl ASV A, K H
QIIME2 ) classify-sklearn 231X 414~ ASV
F4RAE FE 51 4 naive bayes 72251 9 A i
P& (Greengenes 348 )™, i i QIIME2 Y
qiime feature-table rarefy DHEEUETT ASV fli°F-,
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IR BN R RAEA TP IR 95%, JRZefr 9 %%5 fJ\)ffF
B3 THIE ASV EBHs . M F R IIE ‘

2.1 EHETE.AHEEYRFEREE N LR

PRS2 NCBI H sequence read archive (SRA)
B P2, H BioProject ID Jy PRINA855312

(https://submit.ncbi.nlm.nih.gov/subs/sra/SUB117
38945/overview),
1.2.7 FHit SR

i QUME o #r ML HAEA . H/H R
(4.0.4)if 5 “vegan 2.3-0"H Ml 4T o ZFEVESS
BOMARIES T, SR “ape 5.57F kAT
F A BR Ao fi H “stats 4.0.4” B R UEAT
Wilcoxon FRFIARG S . X &2 1A 4341 Ay 22 5%
VER Z AU EARFE SPSS 23.0 Hrb AT BN 25 22 4%
M, ZEARHECRH Fisher's fre/IMNp 222 5k
(least significant difference, LSD), FHICKIZF(H H
R 1%&7 . GraphPad Prism 8 B, Origin 2021 4= /%,

Wit 16S tRNA JFEH P HIH i R 50 K B
(]l 1A), CRKP2 Hl KP2044 ‘5fifi% 7o d 1A &
Klebsiella pneumonia 1€ [R]—/4332, MR v
AP . CRKP2 FRXf Z AR E B & BUSSh, Xt
PUPRZR (3 Ffry b BEAgURR, X A 24 ) 2 BT 24
(F 1); KP2044 Xtk BIG2Q fy. SkBRHEK
KT My, @EMEHRCT IR, KKRER).
WETHIR (3 Al BRIRZE i) . BEEZE(1 A&
FERURR, X7 B R CRMEPE AR, WRH PG AR) 24 b
TRRIPER, FER) PR, XEFERE
(BB ZR, A NVA, REVEM) . KIFNERE
(2 By, WWARB(EWHAR, KIEHR). Bk
JE(1 Ay, MRATEEFEILQ PRI L. DL g

A B 4r-
%
Klebsiella pneumoniae strain G2-4-4 (MW375504.1) T
Klebsiella pneumoniae strain ZK89 (MT764346.1) - 3
6 Klebsiella pneumoniae strain A1763 (MW433676.1) g
i Klebsiella pneumoniae strain 53 (MZ389283.1) ;% 2r
5 Klebsiella pneumoniae strain C-B10A (KJ806502.1) Q
Klebsiella pneumoniae strain MO2 (MH588166.1) 1
83 ||l CRKP2 (OP458787)
Klebsiella pneumoniae strain G2-4-1 (MW375501.1) CRKP2 KP2044
Klebsiella pneumoniae strain IPBCC 19.1434 (MN428811.1) c 100 bm e e e .
KP2044 (OP458788) =
> 75+
Klebsiella pneumoniae strain CMCC (B) 46117 (MK341716.1) "% | -
=
53 Klebsiella pneumoniae strain Tan-8 (MW767022.1) 2 50
3 - PBS
— = 25| -m.
0.000 50 L Y
0 4 !
1 2
1(d)
1 ETF 16S rRNA EEFFIMBRIRL L B RI(A). £ YIEEAE XS B = (B)F0 BT 4 52 5 1A B A 30 %

INRBIFFIEZE(C)
Figure 1

Phylogenetic tree based on 16S rRNA gene sequence (A), the relative amount of biofilm formation

(B) and survival rate of Klebsiella pneumoniae lung infected mice (C).
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%1 CRKP2 F1 KP2044 % 32 #1254 B S 14

Table 1  Sensitivity of CRKP2 and KP2044 to 32 drugs
BRI buER i UM Sensitivity
Types of antibiotic Antibiotics Contents (pg/piece) CRKP2 KP2044
H# M2 Carbapenems WV 2 55 7 Imipenem 10 R S
W K5 Meropenem 10 R S
T % R 2 Penicillins A & Penicillin 10 R R
AP Ampicillin 20 R R
R P AR Oxacillin 1 R I
FRICTIHK Carbenicillin 100 R R
WRHL PG bk Piperacillin 100 R I
3k ff 1% % 2% Cephalosporins 31 "F Cephalexin 30 R S
SRR Cefazolin 30 R S
L7 5E Cefradine 30 R S
12 Cefuroxime 30 R S
SkfifthBE Ceftazidime 30 R S
ST A Ceftriaxone 30 R S
LRl Cefoperazone 75 R S
BT Aminoglycosides T He£AF Amikacin 30 R S
PR K% % Gentamicin 10 R S
FHB%E & Kanamycin 30 R I
Hr 5 2 Neomycin 30 R I
KIFHEEZE Macrolides 418 & Erythromycin 15 R R
7211 %% & Midecamycin 30 R R
PUIF 2528 Tetracyclines Z VG &K Doxycycline 30 I R
KR ZE Minocyclin 30 I R
Ml 2% Quinolones Wb 2 Norfloxacin 10 R S
HH I A Ofloxacin 5 R S
RNV 2 Ciprofloxacin 5 R S
B Glycopeptides T & & Vancomycin 30 R R
gJk2E Lipopeptides ZKiH & B Polymyxin B 300 S S
fifilii2% Sulfonamides 27 Cotrimoxazole 25 R S
MATE ZE 2K Lincomycins TEME % Clindamycin 2 R R

TE: S: w1 PEEHURG R ABUS ZY)
Note: S: Highly sensitive; [: Medium sensitivity; R: Resistant.

R, CRKP2 Mk & B0 2K M 25 18 , KP2044
St B I IS BURTA

CRKP2 [ ¥k 09 £ 9 IJE Bl = B 35 KT
KP2044 (P<0.05, & 1B), K, KP2044 JE i
AP BE T R o R S /N B 2SR
g5 Wox PBS AHUFERTAR B IIE T /N,
CRKP2 ZH7ESS 2 RAET- 1 H/NE, KP2044 4]

/NERAESR 2 RAHAET- (Kl 10),
2.2 S[E) MK X OB TR BE 45 M RN 2 B AY
A

TENTK BB 2A), Il DL CF- 1
AT BE>1%) FZ RS IE W[ 1 (Proteobacteria,
PBS: 14.44%; CRKP2: 28.01%; KP2044 .
99.34%) . JEBEEE ] (Firmicutes, PBS: 79.89%;

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



5200 WAEY

4

FIER

Microbiol. China

CRKP2: 56.91%; KP2044: 0.35%). f4FFHT]
(Bacteroidetes, PBS: 1.45%; CRKP2: 6.34%;
KP2044 : 0.09%) Fl it 28 14 [ ] (Actinobacteria ,
PBS: 3.03%; CRKP2: 2.89%; KP2044: 0.06%).
5 PBS 414 kb, CRKP2 4LAASTE R ] . LT I
FIAE XS & T, BRG] B 35

A
100

80

60

40

Relative abundance (%)

20

Relative abundance (%)

(P<0.05), KP2044 A HATEHET ] 99%Lh I,
T AT B Enterobacteriaceae), .3 &= T
PBS 41 F1 CRKP2 41, JEREG ] . AT TR
LR ]I T CRKP2 41(P<0.05).

1EJE /K- E (& 3), 5 PBS 4L, CRKP2

H 7L R #F & J& (Lactobacillus) . i ERE &
100 - Others
- Verrucomicrobia
80 B ™7
- Tenericutes
60 B ~D3
:I Chloroflexi
40 - Acidobacteria
- Actinobacteria
20 - Bacteroidetes
- Firmicutes
0 - Proteobacteria

’ > Y D Ny DD PBS CRKP2 KP2044
7 4 / X s & s & ;
LR & & &@ @ @
B
I crip2
S [ kp2044
3
8
< 60t
j=1
<
(]
2 40f
ks
[
o
20t
a ay
’ a —
> R\ &Q\ 60'& &
> & & o
@60 Q;(\f 0»(\\
o « o
g «

2 FERREEIIKFREMFESHAQMMBEERELH(B)

[N TR R 2 5 3 (P<0.05)

MR TR ERARE; A

Figure 2 Relative abundance distribution of pulmonary flora at phylum level (A) and difference analysis of
dominant bacteria (B). Same marker letters represent no significant difference; Different lowercase letters

represent significant difference (P<0.05).
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Relative abundance (%)
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xe2044_ | I R L I O I R
re2044_1 | A
re2044_2 | A

|

.l Blautia 2.01
.l Acinetobacter I
.. Bacteroides 0.00
.. Shigella I
-1.31

Gardnerella

Group
.. Weissella

. Pediococcus

Halomonas

N e
| [
L[]
PBS_I -=- EEENE B

PBS

Lactobacillus

Streptococcus

crep2 2|
CRKP2_3

CRKP2 1

I pBs
B crkp2
I kP2044

0
> > > S A \ > \
d\\\v 000«» o .sse\\ 0.&@ q W 00\@ ’ N 000\» i M
r\S"O &00 RO @\50 &M‘ o N
00 ? Q c'/\,‘(\ G $,<(Q/Q

3 FEREMBAKTHEMFEEREAREA)MEREST®B)

CRKP2
KP2044

AF/NG PR 2E 5 B3 (P<0.05)

Figure 3 Heat map of the relative abundance of pulmonary flora at genus level (A) and difference analysis
(B). Different lowercase letters represent significant difference (P<0.05).
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(Pediococcus) . i1 K& (Weissella) . k5
W & (Halomonas) X 3 i i 35 ik /D (P<0.05),
T )& (Bacteroides) . A 57 7 X i J& (Blautia)
A FF @ (Acinetobacter) ¥ % = i g 25 18
(P<0.05), KP2044 H ) ZLRRFF R )& . FEK TS
TR ERE. RREERE . WENERE
(Gardnerella) F14% BX 1 J& (Streptococcus) F X} 3
i 52 T B (P<0.05).

HiEI4A R AT, 5PBSZIAHLL, CRKP24 i

T TR B o 2 B 1 4 B 35 T (P<0.05), R
CRKP2JEHY J5 /) sl il 38 B 1 1) ' 3 0 22 A A
B, KP2044 20 F & ORI 2 A M B 3 AR
(P<0.05). %&F Bray-Curtisifi 2 #1713 AL B4
(principal coordinate analysis, PCoA) (£4B),
3ZHUTPCol MIPCo2 W] 73 JF ,  [Al44) 3 Ak A 43 By
RN BE M 257 1% R=0.72,
P=0.006), | iR%E R i) CRKP2FIKP2044/8k 4L 15
EFZ T/ U A o 2 FE B A1

A skksk
4000 3000 Kk 101 rxk 1.00+ s
EETS —_— p— kol
sk 5 % I kol | —
_ 3000 % B L = s
2 2000} & —_—
- 8 - 2 6} 2 090}
= 2000} Hokk g — g =
g - £ 4f 20385
I 2 . =
1 000 5 ZIN| o0l
e} —
— o —_—
0 0 L 0.75
R Voo oo Voo o5 v % S
¢ & O O & &
B 0.3 C C a
P=0.006 1.00 e
R=0.72
02+
0.75 -

e o1 2
2 @ crkr2 5
oi | KP2044  F 050F
A - <
3 0.0 ® | PBS s
4

-0.1F 0.25F

—02[@ . ) 0.00 -

04 02 00 02 04 06
PCol (84.34%)

4 FHERERERY o ZHMIREH(A). PCoA 53 #7(B)F Bray-Curtis BEEZEFSH7(C)  ***: P<0.001;
PBS: PBS 41N Bray-Curtis /i&f; CRKP2: CRKP2 5 PBS #4l[i] Bray-Curtis i ; KP2044. KP2044
5 PBS 41 0] Bray-Curtis #7255 A[RIV/NE PR 2 7 B 2 (P<0.05)

Figure 4 Alpha diversity indexes (A), PCoA analysis of pulmonary flora (B) and Bray-curtis distance
difference analysis (C). ***: P<0.001; PBS: Bray-curtis distance in PBS group; CRKP2: Bray-curtis distance

between CRKP2 and PBS group; KP2044: Bray-curtis distance between KP2044 and PBS group; Different
lowercase letters represent significant difference (P<0.05).
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Sy iE—# 43 B CRKP2 Fll KP2044 &Yy )5 5
/NI 25, 2t EAdAS
PBS 2l ) Bray-Curtis i & , lb 85 & Bl KP2044
405 PBS AP % KT CRKP2 415 PBS
e, A2 & 4C, P<0.05), Ui
5 CRKP2 #H I, KP2044 JE&y J5 X i 340 b A4
A N

3 L& #

B SR (S PN NS R 1 I B YR
PR S TR TR A A B A ft B P 4% E R PO,
P K% S PR I 5 T R 5 R 235 ) A A RE A S
W, EEZRGI R ZRIG RGN, 30Tk
TR A KU 2122, ARF 9T F CRKP FIRR 75 55
Jis A AR KP PP G 8% Y% CSTBL/6 /MR, 4 16S
rRNA JE [R5 38 5, & B0 AE 5 /D BRI P 34
PRI 2R JERE A ] . ARTR BT BRI 1] AN
R, 5 Z AT 45 R — 8 R R /N
Bl 50 T AR 118 ZE BN 5 ) 387 5 %) B2 A7 7 2
225, U] CRKP FIfk# &S BUR KP T4
TIEFE/NR AR L5t . AR A, I
W TE TR R 2 itk — 20 R BOT IR OE D REZE L,
SIEIFIE RGP, 45 A ARSI ST S,
VLI ER KP 8 FAMBURE, A2 mikE KP
2 S BUOMEBR AR, FIRE S 5 SBRm A
KR X

KP2044 [ Yy J5 3 35008 BUIE 8 Il 30 14 7 45
R AR, WRMEEEMEEERET
K, ARTEBET TAX FREIRF] 99%. BF9E KL,
ARTE VA 11 1 0 5 WP IR B 2 DA G, 5 IE
FOG LA E, BEmG  A8k BH S . g
¥ | B R IR It 8 | g A 25 S35 YL ) PM, 5
TR SO T AR T R 1] ) b BT
CRKP2 HAR M2, (H5 KP2044 tHLL, Xt

/N BRI AT AR B Bh s /IN(B 3 FHET 4), BF5E R 3N
KP2044 H.75 % @ i 2%, i HoAS BF 5 h
KP2044 J& B A= P 5 () B ) R EOE R 3 | F
CRKP2, [H M KP o i 5 g B 1 4 s 7
FE SRR IIA XK

1EJE /K, CRKP2 fil KP2044 345l
TR FLRR AT B JE A B B A T R, BAREETX
F KP XJ IS L s A b i b, B
HRIE RS/ BUBHE KPS i b A
HENG D7 IR 1) 2 P IR FLAT B (Lactobacillus reuteri)
ARG = 3 S0 2 TG, e 70 i g D T S5 A DA
=P A AR KPR 5 bk, Ui iz
25 4 T 2 ECFLAT TR A AR B 7E KP il R
PRI ER . AR, HIRPCKIE
FLER AT TR AT LA w8 J% e It S 3 /N B A2 1
Y N BB (49 B 42 5 A,
A FE R — A 2 R FLAF I (Lactobacillus johnsonii)
A LY 1 RO R IR G B R R A
BF, PRI IE PN 2L B AT TR S B AR T 3 B R AL
FASE M 2 1) S A AR B DL 9 4G SR 4
AN, FLIR TR Rt T BB S B AR T R
EEIRIRYT T R HER . A5, KPS
SR AL R AT R R B >, B Ul B FLR
Fro @A) Z A 2 A Y, T REfE i =
P K% 3 7 6% 711 % figt ol A 25 2 A 55y T R 3 LA,
YERRY, {H B Fr 6 = 2LER A 58 5 it ik g
R E ARG, T—2 0T
BR IR Tk — 2

ZE Frk, KP2044 F1 CRKP2 JB&YL X fitidH
BRI T 25 P 1 AN R R JE (R 4 80, KP2044 73 1 5%
s, MR RE A RE TRE, B 2R R E
MAE, CRKP2 BARHA ZEMm257E, HEE 15
55, XF Wl A BE S A X T KP2044 58/, 2 Fh
iti % v AR B 34 S BUM R AR TE B T 13 . FLIR
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