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Isolation, identification, and biological characterization of
Hafnia alvei from a barking deer

YANG Zhi"', WANG Kang"', LI Guanzong®, SUN Yulin’, YANG Fumei', SUN Wang',

ZHOU Ke', DAI Feiyan'

1 College of Veterinary Medicine, Yunnan Agricultural University, Kunming 650201, Yunnan, China

2 School of Animal Science and Technology, School of Animal Medicine, Huazhong Agricultural University,
Wuhan 430070, Hubei, China

3 Kunming Technology Contract Certification and Registration Station, Kunming 650021, Yunnan, China

Abstract: [Background]| Hafnia alvei, a Gram-negative bacillus, an opportunistic pathogen, a
saprophytic bacterium, is commonly detected in human and animal intestines, sewage, soil, and dairy
products and can cause septicemia in human and animal, showing the potential to result in diarrhoea.
[Objective] To isolate, identify and analyze the biological characteristics of potential pathogenic bacteria
in the death of a barking deer (Muntjac) in Kunming Jiaozi Snow Mountain Nature Reserve. [Methods] A
part of the intestinal tissue of the dead barking deer was collected aseptically for bacterial isolation and
identification, and the isolate was subjected to drug sensitivity test and animal regression test. [Results]
The isolate was identified as Hafnia alvei and named KMJZXS0312. It was resistant to 7 antibiotics
including penicillin and cefthiophene, intermediately resistant to florfenicol, kanamycin, furazolidone, and
amoxicillin, and sensitive to 13 antibiotics such as enrofloxacin and compound sulfamethoxazole. The
animal regression test showed that the strain caused flatulence in the stomach and intestinal tract, thin and
translucent intestine, spot hemorrhage in the liver, pinpoint hemorrhage in the lung. In addition, the strain
caused degeneration and swelling of hepatocytes, as well as loose and lightly staining of the cytoplasm.
Finally, it led to the death of mice. [Conclusion] A pathogenic H. alvei strain was isolated from a barking
deer intestinal tissue. The biological characterization and drug sensitivity test in this study provide new

biological information of the strain, which has important public health significance.

Keywords: Muntjac; Hafnia alvei; isolation and identification; drug susceptibility test; regression
experiment

W Jg Wy R JE W (Hafnia alvei) &M R JE T
PR B ME— TR, Ao 22 BRI, SRR,
AHEESH, RV AUERK . HAY MRS K
W 35 A TR AR B AR RL, PRtk R Sy v ]
YR KM AT B U2 e s i R I TR AR
— SRR, RS EEER T, AR
TR | TR S IR A, Y A
Wy PR Rt R AR R R R L

U s R JE TR B A BUR YERIBUR ME, A
NS ZEE . M, DASHPIRGE | ekt

S RAEAS FED i P 2 A 4Gt 94, (HHEAL
R FCAE S v B/ S B S, AR IR R b
WA WK, ¥ RIE LR RE S T
MR SRR | RR IR R A H 0144
278 KR A B O157:H7 SF 12 W L3 & A e
SES N T UL, EHELT I P e R JE I B
(4 ML 35 =72 W N 25 ) 1 R 12

FURT, [ AT i i SR JE I T R AT 5
FEAE S Y E S TP RIPSE . 57
W5 I JE T AT LAV o T, S e 2 A5 1
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— MR BRI, R
KEYF LA, T H BB TE— & R E b e
I3 IREE [R) R

T B AL (Mammalia) (B H (Artiodactyla)
JEB(Cervidae), WA A EAY) ZHVEL G4
S WG BT A S AR ) i PR BE G 2 2B SR
FAR B t 1 BA B A W80 (B Bl A= B AR
gk, RIAWETCREIE TRkl il
R IR A il . B Ak
16S rRNA K P8 o0t , J3 B 4 5 H 9 D BT 5
HEAT 25 YRR, DU S e B A i iR
PEUEHS KR

AR

1.1 Y

202242 A, RMHFEILARET X K
B—HIET- ¥, sthbfinl A8, FEABFR
KA. WA i B Bk, R B
I A SR TG 2w R RO K FE S B2
BEdEATSCIG =M. SPF R R/ NR(Z A
il 2545 BRZA W 5256 sh A FAS 3 A 23 A 2y
2022001 H BB BERFR2E LR s bt
1.2 EERFIFNEE

FBE I R T4 FR BE(TSA) L T K O R AR %
FRHE(TSB) . ZFRHLIETR(MAC) . 7K fiff 1% 25 14 3
JEEFRIEE(MH) . AT RO FR 2R (PCA) . AR
FO I B g 55 3% 56 . DL2000 DNA Marker, 4=
TAEY TR A BRA R Premix Tag
(TaKaRa Taq Version 2.0 Plus Dye), % HEAY)
BARACT) AR A 2580 A 4B 1k S
H, BUMNER A YA R A A FinePure
i RS A IR BOR &, BF LA Rk
AbEO) A BRA A A bR 4T, B E AR
BABRAT; KBEIRIRG %, SIEAH/RE
MABR/A T ; PCR X, Bio-Rad 2vwl; #H41

WAL, AU AP, WRHEARH A BRA A
2 FiE

21 FEESBAUERREKBERIUE

1 T AE R 2R 20 0 ) 42 D )
TSB 353, 37 °C. 120 r/min 345 8555
18-24 ho #RJ5 i A RN IR SR AT = DX I 26 1 4
TSB MK ] TSA #5575 FRi R, 37 °C il
B3R 24-36 h, WEAE KGN . PRBUL SR TR
B E] TSB £ 38364, 37 °C. 120 r/min 4ifk
B3R 24 h, ARG 0wl EERP 3] TSA . MAC Fi I Bt
EE:FRIE b, 37 °C MHIEREFF 24 h, WEAEA ]
R E A RIESMETEIEA
22 RAEHRK

WZH 200 pL ZE3EFR RS 1.5 mL 2058
Hr, 8 000 r/min .0 1 min £ FWEK, TUIER
ek T S o Bt W e ANE/ S COMD U1 -3
HIE S HHIE
2.3 i

W4 2 Al 1) TR R 2 R 422 o T A TR A A T
NIRRT, B3R 1836 h, &% (W LAl
R AR G0 i T ) DO SR AT
2.4 PCRI1E

PA FinePure i F Y 3% PR 21 A 42 Bt 50 &
SR IO B #  BE [ 41 DNA & PCR #ifk, *H
4 16S rRNA JE[H# A 5149 27F (5-AGA
GTTTGATCCTGGCTCAG-3")F 1492R (5'-GGTT
ACCTTGTTACGACTT-3")i#f 79 14 . PCR S)
fAZ (25 pL): Premix Tag 10 uL, F. FiEs1¥
(10 pmol/L)#% 0.5 uL, £tz DNA 4 uL, ddH,0
10 pL., PCR S )i 5142 95 °C 5 min; 95 °C 30 s,
56°C30s, 72°C90s, 335 fF¥H; 72 °C
10 min; 4 °C {{#7%.
2.5 MFLEIFERGAER

¥ PCR F=pa% 48 TAY) TRE (W) R
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AR w AT IR, I e 45 2R £ NCBI-
BLAST F#A7 X, EHBUHRIE S 28 #ig
FFTEREAS [F]J& Fl T8 4% F1| 1] DNAStar #E47 AR
FEeX$43#r, FIFH MEGA 11.0 R FE L T W

SEFEKRGERIE 1.
2.6 zHEIYVIINE

%8 GB 4789.2— 2016 HE47 56 74 B0

HAsE,,
TG R BN B0 5 AR R A T
e YL S 16S IRNA L FESIE , B

MLy

SN

Mo R, K[ RIEEHEF 0.5 mL HREH
1.8x10° CFU/mL M9 B ; %ot HE 2R ) J ik 12 4
G P K o ESIC /N BRI ACRE TR K% BE
ToHFA], JCRMEIAET /N, AR AR R
e AR L LR TS BRAHL LY LR,

AR oY B IR

o ¥ SPF R R/NRARS 20, 5 JEEHk X

*x1 SEERER

Table 1 Information of reference bacteria

WA FR S a3 GenBank %535
Strain name Location Isolation source GenBank accession No.
Escherichia coli strain KENECKS5 Nigeria Poultry MK606101.1
E. coli strain CUMB NS 02 India River water MN197730.1
E. coli strain B10 China Forest musk deer KU870318.1
E. coli strain CCFM8340 China Human feces KJ803897.1
E. coli strain EC1704-1 China Chicken MG602205.1
Salmonella sp. strain S85 04530 Malaysia Poultry MT621365.1
S. enterica strain CM Nigeria Rats MW320717.1
S. enterica strain SAMC-RUSOL(23)3 Nigeria Rubber MN606184.1
S. enterica DSM 9386 Korea - NR _116125.1
S. enterica subsp. GDYJS2011-1 China Duck JQ867391.1
Shigella flexneri strain KS7 India Homo sapiens OM281759.1
S. flexneri strain LXJ63 China Coastal dinoflagellate  MN746200.1
S. boydii strain ZH1 China Feces JQ073777.1
S. dysenteriae strain ATCC 13313 United States of America — NR_026332.1
Hafnia alvei strain NC1211 Japan Larvae of Myrmeleon =~ AB244470.1
H. alvei sensu stricto genomosp.1 ATCC 29926  Belgium - FM179942.1
H. alvei strain HAMBI 1279 Finland - LT899985.1
H. alvei strain R-53631 Belgium Bumble bee gut LT631752.1
H. alvei strain M-T-TSA 95 Lithuania Roach JQ795767.1
H. alvei strain FC2951 China Pacient MK312669.1
H. sp. 3-12(2010) China Intestinal tract HM489947.1
H. alvei strain LT-V2 China Sturgeon fish OK103784.1
H. alvei strain F9 China Milk KT767908.1
Klebsiella sp. strain InAD-062 China - MF401268.1
K. pneumoniae strain X11 China - MZ389264.1
K. sp. VITKAS-2 India Soil JQ398846.1
K. sp. strain B2-M-1 Korea Human feces OK271588.1
K. sp. strain BF-T-1 Korea Human feces 0K325990.1

T = A

Note: —: Source of isolation unknown.
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2.7 HEHALE

SRR ME AR F 125 (KB 2% 43 B9 1Y) T Ak
Gt ae o BRI 200 uL VEA MH Exig 55
FRHb, FHICEE By — ff BN TR X A U A AR
MH BifigiiaRdt b, R AR . ZJ5FisH
S5 24 PP A RS B S BUR KA B B AE 37 °C
PR FRAE TR R R 24 h, MIEMEBEER, &
AR TEE

3 BREAM

3.0 EEESKRERER

STERETE TSA EREFER/N . RGN .
M . o RIEETE (K 1A); 7E MAC |
EHSER/N REDEH . B, AAGHEL
FEHLRE FR 3B (18] 1B); 7R M B H b %
FEDEN . B KEAG, TFEME 10);
2 B SR B B AR TG 2R A . OIS, 2=
LLEARAPIR(E 2), K458 KMIZXS0312,
32 HWHiRER

AR IR 25 5 UL e 2 AR R AT IR G |
R . SEMMAYE, BRI, Nk
AHE . ARFRE . ILALEESE . RE CF LA R 5
weE T UM M E KMIZXS0312 MK JE
DAL
3.3 PCR [ #% 16S rRNA EEF5 54

#R
3.3.1 PCR¥ LR
Rk KMJZXS0312 i@ PCR ¥ 3 H H

FEH 1500 bp 2247 19 A Be (] 3), fF & AU ZE
PCR #3479l ¥ 45 . # 1] DNAStar-SeqMan
PHEAFHIPE 16S rRNA JEFFFK M 1433 bp.
PRI A HILE NCBI-BLAST Wk T X, 5E
HIEE NC1211 (AB244470. 1)FEITES 99.93%,
5B Bk 3-12(2010) (HM489947.1) A1 ol M ik
99.72%.

1 SEEAEARRELNERTS A TSA;
B: MAC; C: MBg-FH
Figure 1 Colony morphology of isolated bacteria

on different agar media. A: TSA; B: MAC; C: Blood
agar plate.

N

2 ERRBIRILER(16x100)
Figure 2 The results of the microscopic examination
of the isolated strain (16x100).
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Table 2 Biochemical test results of strain
501 H Test item ZE L Result
itk & Hydrogen sulfide -
N4 2 Phenylalanine -
HIHBEER £ Gluconate -
B-2EF W B-galactoside -
Methyl red test +
VP test -
Mtk mR &L Citrate -
HHE Gelatin -
REBE Sucrose -
JRZE Urea -
3J) 7] Dynamic _
H & BEr=S, Glucose gas +
) 4> 2546 A% Side calendula +
5% Ornithine +
i -F ¥ Raffinose -
1 Z4EE Sorbitol -
AW Xylose -
i B2 Lysine +
W o+ BHME - A

Note: +: Positive; —: Negative.

4 3 2 1 M bp

p o £ EE =)

3 Btk PCR ¥~ kE M: DL2000
DNA Marker; 1: FEfh; 2: HEREE; 3. B
PEXTRE; 4. 25 FIXTRR
Figure 3  Electrophoresis of PCR amplification
products of strains. M: DL2000 DNA Marker;
1: Sample; 2: Sample repeat; 3: Negative control;
4: Blank control.
332 HAMMEXNRRAGZLENGESER
F] /I DNAStar-MegAlign 3173 T 16S
rRNA BEHFPAI LN, S55RANE 4 Fs, sresitk
KMIZXS0312 5354 w B AHUNELE 94.2%-94.4%
ZIa, SUTTIREEMAEE 93.3%-94.2%Z

], 5B T @ A R E 93.6%-94.0%Z 1],
v E A B A ETE 95.2%-95.5%2Z 7], 5
W R JE B B AR fe i, 7R 99.1%99.8% 2
[E), HERE LT-V2 (OK103784.1)FH{IPE i &,
ik 99.8%; FIH MEGA 11.0 % A KRt
#:(maximum likelihood estimation, MLE)Z&F
16S rRNA B P HI M R LB W, 458 I
K 5, JrEEk KMIZXS0312 A S5BEHE |
HBRIREE . YWITIREE . 50w s A7 [
—3Z, M5WEREWHEESER—Z, Sk
3-12(2010) (HM489947.1)Ab7E &R 48 % & M 7] —
I, GEGRFREILR, BT M RJETE
T A ME— DR R 5 s R eI o R, 4388
TR PR 2 72 Ay 06 s W O JE I T (GenBank 255
ON495745.1).,
3.4 mHPEVARELER

RS20 SPF B /N BRU7E 35 Fh 1 VIS
BURE PR UCAR . AR REHE . 1733R 2%, 12 h J5JT
RAETS, 24 h JE&FBIET, XA/ ICH i
iR o I BE TN BUE R KR, Bl AR AR
WM &S (B 6A), IR A I A EH R K
AN (B 6B), il Ut UL AT 2R /N HE i
R 6C). FET/INERFIE . BlifUE . B 28 4 TR
Sy ES Y E L PCR &35 I )3 b %o 45 51 5 i o Ak AR
Ao RFEY R 45 (B DE~, gk
FEASPE, ik, MOBTsi iR e (& 7A 24
k).
3.5 HELIRER

G3 B TR RN 24 FhT R 25 W BUSGA 50 45
FKH, Bk KMIZXS0312 %E&HZE . L
Wy, Skfamenk . SkAEfhE . LR 2y, R
BIPGAR . Sk aE . RIBER . WOREH | 1k
R TS ) R A, PR P AR . Sk AIET ELIE L BROR
BE. . BT RS 14 MPiER
U GER 3).
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Percent identity

3 | 4 T |8 13 [ 14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 25 | 26 | 27 | 28 29
1 986 |985 940 |94.0 5/938 /938 (946 943 6.1 |95 959 99.4 |94.4 997 993 967|967 961 972 1 MK606101.1
2 6 97.0 95.4 947 947 9 943 938 (943 954 967 941|970 965 999 975 975 981 2 JQ867391.1
3 14 31 [ oos 997 990 044 944 0 3 941|935 (942 951|988 938 992 986 971971 970 978 3  OM281759.1
4 |15 37|05 902 986|939 030 935|934 [942 951989 938|992 987 966 970|965 977 4  MN746200.1
5 1.8 29 |03 08 M 988 942|943 97.5 | 936 (933 (939 95.0 985 936 988 983 973|974 973 981 5 JQ073777.1
6 |17 (34 (10 14 12 [ o4s (046 5944|937 [942 952 985 94.0 990 983 968 967 (966 973 6  NR_0263321
7 5[5 61 | 57 -997 998 997 (999938 993 /992[999 944 941994 9 947 940 (938 941 7  AB244470.1
8 02 [ 998 998 99.9 /932 989 991|999 944 941 992 948 937 938 941 8  FMI79942.1

945|937 (938 941 9 LT899985.1
946|939 938 940 | 10 LT631752.1
5 1 JQ795767.1

02 |01 [ 997 998|930 989 992|999 |9 944 940 992
00 |00 o1 NN 997 943 991 990997
0101 02 oo [[lle+2 992 996 1000
65 | 71 | 74 | 57 | 6.0 [ 929 940 (945 944

|946 942|992
32/949 942|994
959 |999 | 942 | 997 12 MN197730.1

07 [ 10 11 08

13 62 5 Il 27 993 904 941 938|987 942 13 MK312669.1
14 68 08 08 08 07 1.3 [l 999 900 99.5 6 14  HM489947.1
651 010101 00 07 | o1 [ 228 o 5998 945 15 OK103784.1

05 04 04 03 99.1 16 KT767908.1

06 10 [ o2 N 5 5
42 [ 998 (986 988 9
42 | 0.0 M 9858 |99.0 |985

47
48

17 OK325990.1
18 OK271588.1

39
40

52954

Divergence

3
18 | 40 (44 |52 |44 53|51
1

19 |42 | a3 51 a8 58 29 [12] 12 2 19 JQ398846.1
20 [42 (44|51 [ a7 48 58 48 [ 10 [ 10 5 20  MZ389264.1
21 [42 [47 |51 |50 53 6.2 52 |14 15 6 21 MF401268.1
22 (06 34|12 11 57 6.5 58 |37 [ 38|41 |41 968 9 973 22  KUS70318.1
23 [59 61 [64 |64 5 13 00 46 |47 [47 |47 2 942 938 033 036 23  ON495745.1
24 (03 31[08 08 6.1 59 [ 3434 (3737 6971 972 966 973 | 24  KI803897.1
25 07 36|14 |13 67 59 |38 39 |45 |42 66 |96 25 MG602205.1
26 34 01|30 |35 59 58 |45 | 43 |42 | 43 26 MT621365.1
27 [34 [ 26|30 30 7.2 63 45|47 [44 |44 27 MW320717.1
28 | 40 | 26|31 |35 71 68 |43 | 4 51 1 28 MN606184.1
29 |27 18|21 |22 65 61 /30| 31|38 34 29 NR_116125.1
1 [2[a]a]ls]e]7z]s 13 16 | 17 | 18 | 19 | 20

4 SEEHRET 16S rRNA EEFFIHE LML 3T 53 47

Figure 4 Alignment analysis of isolated strains based on 16S rRNA gene sequence homology.

60, Escherichia coli strain B10 (KU870318.1)
4|—‘— Escherichia coli strain EC1704-1(MG602205.1)
50 701 Escherichia coli strain CUMB NS 02 (MN197730.1)
Escherichia coli strain KENECKS (MK606101.1)
1001 rocherichia coli strain CCFM8340 (KJ$03897.1)
98| —— Shigella dysenteriae strain ATCC 13313 (NR 026332.1)
901 Shigella flexneri strain LXJ63 (MN746200.1)
W@ellaﬂe}cneri strain KS7 (OM281759.1)
70 Shigella boydii strain ZH1 (JQ073777.1)
Salmonella sp. strain S85 04530 (MT621365.1)

Salmonella enterica subsp. GDYJS2011-1 (JQ867391.1)
1 Salmonella enterica subsp. DSM9386 (NR 116125.1)
Salmonella enterica strain CM (MW320717.1)
100 Salmonella enterica strain SAMC-RUSOL(23)3 (MN606184.1)
Klebsiella sp. strain BF-T-1 (0OK325990.1)
Klebsiella sp. strain B2-M-1 (OK271588.1)
100 Klebsiella pneumoniae strain X11 (MZ389264.1)

i YVTITIZAQ D 7TOAI0QQAL 1N
60 AlUUQlU!ld SP. VIINADS-Z{JUIY70040.1)

30 Klebsiella sp. strain InAD-062 (MF401268.1)

Hafnia alvei strain:NC1211 (AB244470.1)

Hafnia alvei strain R-53631 (LT631752.1)
100 Hafnia alvei strain M-T-TSA 95 (JQ795767.1)

‘ ’ | Hafnia alvei strain LT-V2 (OK103784.1)

Hafnia alvei sensu stricto genomosp. AI'CC 29926 (FM179942.1)
Hafnia alvei strain KMJZXS0312 (ON495745.1)
80— Hafnia sp. 3-12(2010) (HM489947.1)
Hafnia alvei strain HAMBI 1279 (LT899985.1)
Hafnia alvei strain FC2951 (MK312669.1)
Hafnia alvei strain F9 (KT767908.1)

El5 SEEKET 16S rRNA EEFFRGELAEN 55 FHF SN GenBank B2 55 40 S BUH
RFEFEALR bootstrap B ; 2 KJEMRR L FWIER, FrR K 0.01

Figure 5 Phylogenetic tree of isolated strains based on 16S rRNA gene sequences. The GenBank accession
number of aligned sequences are shown in the parenthesis; Values at branch nodes represent bootstrap value;
The length of branch represents the evolutionary distance and the coefficient is 0.01.
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Figure 6 Anatomy results of dead mouse. A:
Thinning of the bowel; B: Hemorrhagic spots of the
size of the needle tip in the liver; C: Hemorrhagic

spots of the size of the needle tip in the lung.

*3 EHRAFAEER

Table 3 Bacterial susceptibility test results

. o Sl &
- & e
° Silig; § o o A

B 7 MHRBEVIFER A HEFAHL

B: IEWIFAIZ; BOHK: KLY, iR

K, SRR R

Figure 7 Results of liver pathological sections. A:
Diseased liver tissue; B: Normal liver tissue; Black
arrow: Watery degeneration, swollen hepatocytes,

loose and lightly stained cytoplasm.

BraEREM AR MEE ER FIE LR
Types of antibiotics Drugs name Diameter of inhibition zone (mm)  Result
B-IN LS B-lactams & Penicillin 0 R
BT P4 Ak Amoxicillin 15 I
WRF7 PH AR Piperacillin 26 S
SLFIBEW} Cefthiophene R
Sk Ak Cefazolin R
S SE Cefuroxime 18 I
S ALABIE Ceftazidime 10 R
SR #A Ceftriaxone 24 S
SkfIWEfi5 Cefotaxime 22 S
SLIEFELHE Cefsulbactam 28 S
FFBHTTZE Aminoglycosides  RAFEZE Kanamycin 16 I
PRAKFEZE Gentamicin 19 S
Pk A Amikacin 21 S
PUIRE Tetracycline 19 S
PUFF S Tetracyclines Ji7K JE % Florfenicol 16 I
WEREEESS Amide alcohols S 7% Chloramphenicol 21 S
KIFNEEZE Macrolides #1352 Erythromycin 0 R
fith 2% Sulfonamides FH 4" I Trimethoprim 21 S
2 )7 Compound sulfamethoxazole 27 S
3 Hd24 Quinolones BT B Enrofloxacin 26 S
NP Ciprofloxacin 24 S
Wi 5P A Norfloxacin 25 S
eSS YD B Levofloxacin 27 S
fifFEPLIR S Nitrofurans WK IRl Furazolidone 16 I

e S: #UE; 1. A5 R: 2y
Note: S: Sensitive; I: Intermediary; R: Resistant.
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4 5 ER

W 5 Uy R 0 B R R R MR AT 1 L A
K& ER G, 76 TSA, MAC., I BIE5FE
SRR K R . 1B B LA K
HEER/NEYE T ELRE R R B R AR
24 h N Y AL AR I fEfa, 48 h R AR T fa,

ORI LSRR, DB AT EER.
SoTEmEmy | Sk | SkAflnE . 21 R R 2,
X 5 IR o S AU VR o A I SRR, H X
fETEZE5E, X ATREZEH 1 3. X 258
FE BUAS R fir it B, RSB35 1L H AR AR
X by X6 B A s AR b sk L A P AE &R
UL E A S P A AT 25 RE 15 B Rkt
WRRLPGAK . SkAIAFEI . KT R . s
B RS R E 2R A R UK, LK E R
WATART 2, X RMAPUER.

W P W O JE W0 T 38 5l A7 7E T R s W)
W, KIS RERFLE S . — R AR EOR
PR, (HAES R 45 Tl 9 AE s Ak e vk e i 17
Wit El S RIS R PRI R, 2
X Sl ) R i LR T o A BRI AR A 26 5L
ik, BB GO B 4 R I TP R 43 B 3
W B A R R W H A Bom e, R
IR TR K a8 . X BB > e VT 05 A )
DUFPf I L S5 n B AR TIE I R A B A L A
AKHEPOFEIT TR KEENE . BRSSP Bl O
WL ARSI E T R L AR IR N T
B . R AU AR A T T SO0 K R
/NEL. Zhang ZEPUERATINBRE . Lazaro-Diez
G N R S B B RIE T, 2%
HIEN B Ay B ENZ R

WS oA oA, FREDE 5 T T T
ML SN L PE IR 43 B F W B S JE TR
MATER FoRE, @25, Wizlshyn . R
PP . AL e L, W DA R e =

FEVRWNR I PR G , X 1E FICm B, AR
TR AN S AU =
EUH 51 BRI NFE T BT i 4r
BRI AT, o — Bk O i e R JE TR
TR R 22 2l ) ] ) ek B B ok,
NGRS ZEBE . 1T3hiR 52 . g IR SE I R
fER, T H/ANRTE 24 h WAeEIET, BLE S
YRR o SRR LI, A LT /N B
NG, ARG IR/ I, e
GO, B, DL IE S R
S R PRY) R A] LA M B KRR AP, -4
LA, RELBTEEAATR G o 2 MK b2 ol T A
FRE B 2 L A1 477 5 | A 240 e P 3 M A 1 1 — R
AV 1 iR A ke o8 - v T G R S T
FHPYAEAE TN bR AN 1 8- s A
3 (sodium hydrogen exchanger 3, NHE3)#{% K
RS W RIK G METER VIR . 456w HLA ) o
Br, IR BTG FMESGE R L] AT BE 2 AN - 2
THRERERT , AN NS S T, A
B4, NHE3 iSRS KRB FH, 5HERET,
FREEWOKIET . I — bR 2 sh ) 1 )3 15 Tk
W TCEURYE, PR HEDN 2 B - SR T 1Y) i PR i R
TARBT AR, 4 P e R SR W TR A= A BT 8
ARSI X B 25 11 B AR R X TR
B 5 U I JE IV TR 3 B S . BOR M S ML R T
b, JFEAT T Y EUEaE, bRt T
A A ER, RARERENAILTA2E L,
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