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Cloning and Characterization of Phosphomannomutase/Phosphoglucomutase (pmm/pgm) Gene of Vibrio anguillarum
Related to Synthesis of LPS

Ryunkyoung Oh, Soo Young Moon, Hwa Jin Cho, Won Je Jang, Jang-Ho Kim, Jong Min Lee, and In-Soo Kong*

Department of Biotechnology, Pukyong National University, Busan 48513, Republic of Korea

The phosphomannomutase/phosphoglucomutase gene (pmm/pgm) of Vibrio anguillarum (the causative
agent of fish vibriosis) was cloned, and the open reading frame corresponded to a protein with 446 amino
acids. The pmm/pgm gene showed a significant degree of sequence homology with the previously reported
genes from V. mimicus, V. vulnificus, V. splendidus, and V. harveyi, with 92.3%, 91.4%, 89.9%, and 89.9%
amino acid identity, respectively. By reverse transcriptase-polymerase chain reaction, we found that the
pmm/pgm gene was upregulated under cold stress condition. The PMM/PGM protein is known to catalyze
the interconversion between mannose-1-phosphate and mannose-6-phosphate or glucose-1-phosphate and
glucose-6-phosphate, which are important intermediates for lipopolysaccharide (LPS) biosynthesis. To con-
firm the role of PMM/PGM in the LPS biosynthetic pathway, we constructed a knock out mutant by homol-
ogous recombination. The respective LPSs were isolated from the V. anguillarum wild-type and mutant
strains, and changes were compared by subjecting them to sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis. Based on the different patterns of the LPSs, we expect the pmm/pgm gene to have an import-
ant role in LPS biosynthesis. The pmm/pgm-deficient mutant of V. anguillarum will contribute to further
studies about the role of LPS in V. anguillarum pathogenesis.
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Fig. 1. Biosynthetic pathway of the formation of LPS. GK: glu-
cose kinase; G-6-P: Glucose-6-phosphate; G-1-P: Glucose-1-phos-
phate; UDP-Glu: UDP-glucose; PGI: Phosphoglucose isomerase;
PMI: Phosphomannose isomerase; F-6-P: Fructose-6-phosphate;
M-6-P: Mannose-6-phosphate; M-1-P: Mannose-1-phosphate;
GDP-man: GDP-mannose.

F 93 O-antigen polysaccharideE 3t 9o
polysaccharide®] Fehe} o] A$270] vz} Wk}
9t Ao HIET QT3 26].

LPSS] ARA o] Fa% J4TE s mamt
phosphomannomutase/phosphoglucomutase (PMM/PGM)7}
B 53 Qlth24]. PMM/PGM-2 glucose-6-phosphate (G-
6-P)Z glucose-1-phosphate (G-1-P) T=+= mannose-6-phosphate
(M-6-P)E mannose-1-phosphate (M-1-P)2 A& A|7|= &
224 UDP-glucoset} GDP-mannose2] AgtAlof] "7 o]
th9, 19] (Fig. 1). G-1-PE= glucose = galactose] &3}
1y Fol AP E= SUHA AAEZ AR oY 2t LPSY
core G < 2] Mg o] H Q3 sugar nucleotideS 2] AT

Table 1. Strains and plasmids used in this study.

2 43 A 9t G-6-P= phosphoglucose isomerase (PGI)
ol 9J3} fructose-6-phosphate (F-6-P)Z XYAJ3}A = F-6-
P phosphomannose isomerase (PMI)o] 2]3] mannose-6-
phosphate (M-6-P)& AJAl%ttt. M-6-P= Pseudomonas
aeruginosa® g alginateE AYAI3}= ol A alginate A
ol AHEEE w9 Fast AFAR deiA ot AF7HA]
th9] Alatol A PMM/PGMo] thgt 27} giglon 2 A
FA A= Vibrioo| A= HLO22 V. furnissiiol A pmm/
pgm A 8 Bargh vp Qlr}[8]. & Aol A= oI
HAA VibriodQl V. anguillarum® pmm/pgm-SA A}t
25t Q71N ES WolaL Aol A2 dd
BAste] aa EASE S5k en] dAA AolA pmm/

FAAE deletionA]A pmm/pgm A7} LPS Y9k
o ofujt g F3 YA ARt

tlo i

R

A

oL

ERTETE

2% 90 Wi 271

E A7 sddo] 45 AFS 3 parent strain® 2
V. anguillarum O1 wild type straing AME3IF oM
cloning host strain®] Escherichia coli #3F % DHb50,
BL21(DE3), SM10ApirS AHE3}4THTable 1). pET-28a(+)
+ cloning vector2 AF&3}% 3 suicide vectorQ] pNQ705
L knock out mutant A|ZE Y3t vector2 AHESFGETH V.
anguillarum O1 wild type®] 7% Brain Heart Infusion
(BHI) ¥ 2] Difeo)ell 4 E3te] 25°C ol A wiF3t AL E.coli
DH50.2} BL21(DES3) strain< Luria-Bertani (LB) Hj %] o]
HE3te 37CAA WA REH E. coli SM10Apire
kanamycin (100 pug/ml), pNQ705, pET-28a(+)= chloram-
phenicol (10 pg/mD)E H7Fste] 37CAA vigFstAh

pmm/pgm {32} &2
V. anguillarum 019 pmm/pgm FAAS ZEZL ¢35}
o V. vulnificus CMCPS6, V. fischeri MJ119] pmm/pgm

Strains and plasmids

Relevant properties

Reference or source

Strains
V. anguillarum O1
E. coli DH5a
E. coli BL21(DE3)
E. coli SM10Apir
Plasmids
pNQ705
pET-28a(+)

Wild type

Cloning host strain
Cloning host strain
Donor strain for conjugation Km'

Suicide vector Cm" Mob. Ori R
His tag fusion expression vector; Km

Holmstrom K and Gram [6]
Promega

Novagen

Miller and Mekalanos [12]

Milton et al. [13]

’ Novagen
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RS DL vl fAEA B RES o] g3}
o] universal primer (forward: 5'- CTT GGC TGG GCT
GCA GGW CRW GTW TTA G -3, reverse: 5'- GCA GYA
KTC TTT CAC TGC WTS YGC -3"& A&t A2td
universal primerE o]-&3}e] thaa} 22 A A thermal
cycler (2720 Thermal cycler; Applied Biosystems, USA)S A}
£3to] PCRE +335t%tt. PCR ¥Hg 242 DNA
template 5 ul, 10X PCR buffer (15 mM MgCl, 23} 5 ul,
dNTP mix (dATP, dCTP, dTTP, dGTP, Z+Z} 10 mM)
4 ul, 5unit/ul Taqg DNA polymerase (Takara, Japan)
0.25 ul, 10 pmol forward primer 2 pl, 10 pmol reverse
primer 2 plo| ], 2|F AL 50 ul7t HEF ¢t 94T
o A 587t predenaturation & denaturation: 94°C 30%,
annealing: 55°C 30%, extension: 72C 30Z= 30 cycle 4
35 final extensione 72°C oA 7TEZ £33} Tt

Q7D B4 3 TE A2

PCR A2 9] 7]A " 24& $3te] ABI 3730xl 96-
capillary DNA analyzer (Applied Biosystems, USA)E ©]
L3l o B2 8HA}L9] open reading frame (ORF)E -
stazt 57 3% H7| 482 DNA Walking SpeedUP
Premix Kit (Seegene, Korea)S A3t d7|A g9 &
A o] &= European Bioinformatics Institute (EBI)¢] Clustal

£ o854t tF FEH €714 EQ matrix BioEdit
£ o]g3ste] HAHL, Y T2 9] sequence identity
matrixE ©|-83}¢] thZ Vibrio FE9 FAIZE A4St
dth. PGM/PMM ofu|kAl A E9 3D L£ZE SWISS-
MODEL (http://www.expasy.org/swissmod/)S Z3} of|&3}
%t

Total RNA & 9 ¢DNA &4

Trizol Reagent (Invitrogen, USA)Z A}&3}o] Total
RNAZE %3} DNasel (Takara, Japan) A7}ske] &
A" RNAE 491t} cDNAE +Z4 total RNAE F3F O
2 3} RT-PCR (Promega, USA)E o] &3}o] FASIHL
o &4 H cDNAE —20C Yo Easto] A3

Az Fid PMM] TE 9 A

pmm/pgm FAZY FEZ& 93} forward: 5'- GGCC
CATATG TCT GAC AAA AGA CGT TAC -3', the Ndel
site is underlined; reverse: 5'- GGCC GGATCC GCA
ATT ATC TTT AAC CGC TTG-3', the BamHI site is
underlined)©. 2 Z+2 XA 22 U3t thermal cyclerS A}
43to] PCRE 339t

PCR AHE& Ndel-BamHIZ A3l EHA 54219}t pET-

28a(+)E enzyme digestion 3t X ligationA]# E. coli BL21
(DE3)9]| transfromationd} % tt. Kanamycin 100 pg/mlo]
Z34E LB HA A E o8t FAXEE E. coliE 37C
ol A w3t A IPTG (isopropyl-B-D-thiogalactopyranoside)
1 mME H7sto] 4A|7HE¢t 37 C oA Tfd HEHS f
stk 1 & S 4C o A& 7oA 3,900 x g&
2 Y9AEDsIY dL& cell® 50mM Tris-HCl buffer
(HS.0)] A 5 22TEH| 2 T ste] 409 AU
g 7)o 4 9,700 x g2 1087+ YHEYT T 4SS

et

PMM3} PGM £484 &3

PMM3} PGM] &484 £42 Koplin 5919 o]
whebd ST PMM 24 23S 91 wgolo) 24
2 MOPS (morpholinepropanesulfonic acid) buffer
(pH7.6), 1 mM mannose-1-phosphate, 20 mM MgCls,
1.0 mM NADP, 0.075 mM glucose 1,6-bisphosphate, 0.7 unit
glucose-6-phosphate dehydrogenase, 1 unit phosphoglucose
isomerase, 1 unit phosphomannose isomerase®]™ PGM
FAH=HS Yot w39 A2 MOPS (morpholine
propanesulfonic acid) buffer (pH7.6), 1 mM glucose-1-
20mM MgCl;, 1.0mM NADP, 0.075 mM
glucose 1,6-bisphosphate, 0.7 unit glucose-6-phosphate
dehydrogenase©]|Tt. NADPQ| ZrAFL HE--H(1 ml)<}
rPMM (100 p)E ¥H-FA] 7] 2L 1553 UV-spectrophotometer 2
340 nm IO A FFEY FUHFC R ERlErt. AL
A 1 unitE £ 1 umol®] NADPE Z4AZ = Y= 84

o oz Rsteiet.

phosphate,

pmm/pgm:: pNQ705 mutant A=

V. anguillarum® pmm/pgm AR EdHo| #+F9
AzE Kim FY[8] BH-& AHESHATH 849 deletion
2 9150 370 bpe] B THHIe] ZE| ASH primers o}
L3 Zo] forward primer (5'- GGCC GCTGAC GCT
GAA AAT CGT CGT TGA -3, the Sall site is
underlined)®} reverse primer (5'- GGCC TCTAGA ACC
TAA CTG CTT TAA GC -3', the Xbal site is underlined)

£ ARt PCRE 3t Tof] ¥oJZ PCR AHE2 suicide

Table 2. PCR primers used in this study for checking pmm/
pgm mutant.

Primers Sequence
VA-KO-check up 5'- GGA TAA ACC GAT TGA GTG TGT CGA G -3'
pNQ705 rp-l 5'- GTT GTG GAC AAC AAG CCA GGG ATG -3'
pNQ705 rp-lI 5'- CGA ACT AAA CCC TCA TGG CTA ACG -3'
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vector?l pNQ705 plasmido] ligation 3} conjugal donor
ol E. coli SM10Apire| transformationd}i ©]& V.
anguillarum wild typed} HEA] A mutantES A 23} o).
LB Ao ] 8A|ZF o] 4 v § Ak #FES F5hY
chloramphenicol 10 pg/mlo] 3Z3FH TCBS (Thiosulfate
Citrate Bille Salt Sucrose) agar plateo] =&t & =T
o2 Aot F& Hestel 02 B pmm/pgn §7
o] AL SIsH4Th. A& Selectable markerg ©]-8-3}
of Q1% conjugant’t EAW O] FFUS F3st7] Hsh
Table 29] primerE& AF&3}9] V. anguillarum wild type
I} mutant® chromosomal DNAS & 22 PCRE 43
shaict.

LPS £2] 9 SDS-PAGE

Crude LPSE hot phenol/water methodE ©]-83}o] £z
SFATH29]. V. anguillarum oI EAHO]E BHI A4
vz o] 18A]7F v et F dUo]A cellE 50 mM sodium
phosphate buffer (pH7.0, 5 mM EDTA 32 3ho|| @&t
lysozyme 100 mg& A7FSHAT. AL A 4TAA 12417
wHkslg L 377 oA 2087 incubationdt G th MgCl,E
20 mM #7ksto] 3TCOIA 241752 WAL} FA R
9] 90% hot phenold} 4] & 68T A 3087t ¥Hg & 15
2 Y4si, 34" ARE dHEHAT, 9,700% g,
20 min) 3}of AF NS 3|8k 487 Bt TR F

Vibrio anguillarum
Vibrio mimicus
Vibrio vulnificus
Vibrio splendidus
Vibrio harveyi

Vibrio anguillarum
Vibrio mimicus
Vibrio vulnificus
Vibrio splendidus
Vibrio harveyi

Vibrio anguillarum FE
Vibrio mimicus
Vibrio vulnificus
Vibrio splendidus
Vibrio harveyi

DVIAMGV

Vibrio anguillarum
Vibrio mimicus
Vibrio vulnificus
Vibrio splendidus
Vibrio harveyi

Vibrio anguillarum F
Vibrio mimicus
Vibrio vulnificus
Vibrio splendidus
Vibrio harveyi

RVM
RVMVE

ELGDKGR

STRRVIIGRDTE
OGTKRVIIGKI
GTRKRVIIGRDT
STKRVIIGKI
DGTRRVIIGKDTRISG

AstH Tk AMEL 5 x sample buffer (2% sodium dodecyl
sulfate, 14.4 mM 2-mercaptoethanol, 1 M Tris-HCl (pH
6.8), 25% glycerol, 0.1% bromophenol blue)2} £33 3
3 1087 £9 & sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE)S £3 A/NAZt}. o] &
silver staining kit (Biosesang, Korea)S A-&3}o] GM3Z
LPSE &Hlstitt.
Zn Y oy
Q7192 L ofu)ieAl A 24

PCR A2 AH&3te @714 dS Wel 23 ORF=
1338 b= TAE AT ob] e ALS 4467)8 EHT U
om o]ZL ofn|4t NEERE ALE Tt g
L2 47,625 Dad 7}A| 1 Y= Ao 2 AZE Tl Genbank
o = ©E Vibrio sp.2] pmm/pgm 734} AFE/4= ¥l
W3tEE W V. mimicus, V. vulnificus, V. splendidus, V.
harveyi?} Z+Z+ 92.3%, 91.4%, 89.9%, 89.9%2] A4S 7}
A YA ch(Fig. 2). Vibrio sp.o| A E1H PMM/PGM2]
ofu| 1At g o= 372 H 9 functional domainE©] Y=
Ao 2 BN Ql=t] phosphate®] Aol a3t B4R
9= 102-106H A 2] ASHNP A Lo siFEct =& Vibrio
sp.9] PMM/PGM2 Z-& opn| =4t HEE B3 ot
ol AbN G 242-247TH1 A ofm| kAt A E(DGDGDR)

> 446
> 446
> 446

Fig. 2. Comparison of amino acid sequences of PMM/PGM of Vibrio species. The sequences were aligned with the program BioEdit.

http://dx.doi.org/10.4014/mbl.1607.07002



Cloning and Characterization of pmm/pgm Gene of Vibrio anguillarum | 359

Metal ions

Active loop

PGM/PMM (446 aa)

139aa

255aa 370aa 446aa

;__:Do‘naln4 T

Active site

Metal binding site

Sugar binding site

Fig. 3. Prediction of three-dimensional structure and schematic illustration of PMM/PGM. (A) Metal binding site is located
between 242-247, sugar binding site is located between 225-230, active site is located between 102-106. (B) PMM/PGM is composed

by 446 amino acids and is structured into four domains.

metal binding siteZ E#HA o FATHS YA
Mg?* iono] A%sl1 Q= ol ofu]i At A 225-
230 (AENSGH)2 7|84l Fof 2%st= F9=2 d3A
=4 olu)ieAl AE-E ERISH A3} V. anguillarum®] PMM/
PGMUo| & o2& 39 o] & HEHI = A2 Ug
YohFig. 2). PMM/PGME 47119) domain® & FA & o] 3l
oo, 7 % domainl-3& 4719 B-sheet?} 2719 o-helixS
7FA = VibriogZtol W9 fARE 25 72 AT &
29 AR domainldl] EA|SHIL Qlom 37} FRo|A
SAERY YRt Qlth. Metal binding site@} sugar
binding sitex= Z}Z} domain2, domain39o] 23} Q= A

o2 yepdt(Fig. 3).

oA 2d, did JA U 5484

V. anguillarum®] genomic DNAZ X ¥ ZZ= pmm/
pem FRAAE FEEH vector] pET-28a(+)2] NdelT}
BamHI siteo| AA|A e de F-=38k3lch Fig. 404
A ddEE oA A ZYoA insoluble FEjETh=
solubledt AR 2 T Wo] Zx)3}aL 912 soluble fraction
kS 0] Ni-NTA column chromatography2 A AA|st 2
2o 50kDa®] HNAL B 4 AT HAH AL
AHE3le] 271x] 9] t+2 7]2 ¢l mannose-1-phosphate2}
glucose-1-phosphate®] T3t A4S =A% 27 1 mg
9] & 494 mannose-1-phosphate®]] T3t specific activity
7} glucose-1-phosphate®] ©3t specific activity2 T oF 1.8H]|
E< A2 E Yegth(Table 3). 0|2t 22 Zik= opntie o]

kDa 1 2

w
~
w
=N

97
66

45

20
14

-

Fig. 4. SDS-PAGE of recombinant PMM/PGM. Lane 1, standard
molecular weight proteins; Lane 2, crude extract of cells trans-
formed with pET-28a(+) vector; Lane 3, cell harboring for 4 h after
induction; Lane 4, soluble proteins ; Lane 5, insoluble proteins;
Lane 6, eluted fraction from a Ni-NTA affinity chromatography.

Table 3. PMM and PGM activity.
Total activity rPMM/rPGM Sp.

SRl L) activity (U/mg)
Mannose-1-phosphate (PMM) 14.80 822
Glucose-1-phosphate (PGM) 835 4.64
471 YA} oA 2 mannose-1-phosphateE 0|83}
= 842 AZE9c 28y glucose-1-phosphate® ©]-&
% % e A2 et LPS A0 £ 245
I QS Ao R JAE Gt PMM/PGM metal binding
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control gene

pmm/pgm

Fig. 5. V. anguillarum gene expression profiles : pmm/pgm
gene and 16S rRNA as internal control gene.

siteS 71713 9lo0] Mg iono] AFL Y Ao &
@A glch27). HAE £ Hae] F9ol= Mg iono] £
B ) BABYS BATAN EHA L i B
Y& A% HolFx R,

AL w2 pmm/pgm 3R] At

V. anguillarum< 25CE A5 FF 2= 2 71X 1 9=
Alstoltt. & AdolA+= 25Ce 156ToAA ABS3 V.
anguillarum® pmm/pgm A A2 mRNA A& RT-
PCR2 43 2 23} Fig. 5ol HAY pmm/pgm 4 A=
15CoA 238 o £ mRNA AAFS 253 9l
olgigt A= V. anguillarume &%, pH, NaCl 59| tt&
stress 2731 H Wpstol A% HALEA 50CHT} Tyl
3 2D #42 Fotel e Kim 9l AT M E 2502

L 15014 PMM/PGM T9192) 40 Eoehe AT
Aol YA AR YetLT. olg 2 ATt V.
anguillarumo] HZ PE&LTHT} Y2 2 9] g Ao
25321 phospho-hexose?] HAHE % £%15t LPSY
NS ZUATIE AL 22HYT LPS BAL B
S7HA YR stressol] AFdH= ALz AZHE i

pmm/pgm +3AA} deletion

pmm/pgm FHZ9] deletion®] LPS /o] Fa-2 w3
I JEA Be S FFS vASAE gotE] Al
pNQ705 suicide vectorE AF-&3}4] deletion mutantE A
%3 PCRZ ZRI%H A3 GMALY pmmipgm AW E
suicide vector7} AAYE o] A&o] oitZE AT = 9l
cH(Fig. 6). opFe} WolF=E vjgf & LPSE &5t} &
A8 A3}, mutant®] LPS7} oFAJ 2 2] LPSOE= ThE & &)
£ 2ol Ath Fig. 7oA A d £AFo] 242 F99
U= core FY (B F&)2 oRFS} HTHE Zpol o] ¢l
o EapgFo] F B0 A=A Fi) opg e dol o
2 FHE EAF gl o] £+ LPSY O-antigen
polysaccharide®] band”} Uelt= Lolth[18]. o|gtdL 4
B B JdFEHAAN V. furnissiio] A PMM/PGM a4 7}
LPS?] O-antigen polysaccharide®] AgHdof A3 st
oty B8t AT 8]} P. aeruginosas AHE-3F A1 AT}
(3019 22 A7|9F HE 22 Uehhar lo] & Aol

http://dx.doi.org/10.4014/mbl.1607.07002

—830bp
— 640 bp

Fig. 6. Agarose gel electrophoresis of PCR products from
pmm/pgm knock out mutant by PCR using the primers; for-
ward primer for construction knockout mutant, pNQ705 rp-
I and pNQ705 rp-Il. M, molecular weight marker; Lane 1, Wild
type; Lane 2, PCR products of the mutant using primers forward
primer for construction knockout mutant and pNQ705 rp-I; Lane
3, PCR products of the mutant using primers forward primer for
construction knockout mutant and pNQ705 rp-Il.

1 2

Fig. 7. Silver stained LPS profiles of V. anguillarum O1 wild
strain (lane 1) and pmm/pgm mutant (lane 2). A: O-antigen
region; B: core-lipidA region.

B3 pmm/pgm FAR= V. furnissii, P. aeruginosa*]
2 O-antigen polysaccharide] AgtAl o Tojst S
& 4= %t ES4ASE LPSE AAStE o] HF A8
Lo BEpEo] MIsH=AE Yok A1 Fig. 804 &
= AA" pmm/pgm AERO|F7} opP o) H|F RS A
L& BAF QY. o]¢ &2 A= Brucella abortus
9] pgm mutanttt V. cholerae®] LPS A&A FAAL9] st
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n

Time (h)

Fig. 8. Growth of V. anguillarum O1 wild-type ( W) and the
pmm/pgm mutant (A).

ol wbeW mutanto] 4] O-antigen polysaccharide®] Z & 0]
coll €] AL AN A% h$ FRT 4TS 5

L aTANo} 22 AFS HolF1 AUeHRT). Bordetella
bronchiseptica®] O-antigen deficient mutant®] 3¢ 217+
o W2 A o] AT Seol B9 HoA T host
o W} A2He o Bol 34 P9 ofF R d
A3] W& HAAE e glZo] EaE 1 {lr}[25]. Kim
S[81%= V. furnissii® O-antigen polysaccharide2] AJ3tAl
o] BE&ASA Lot pmm/pgm deletion mutanto A =
A& FEYA A & 2 AR S B3 ARE
B33 Q1o] V. anguillarumo| A= HLA Ax2 &4y
A LPSE AAA o2 ASHAISIA] &5l= pmm/pgm deletion
mutant®= AJFA WA Y] LY FLE HY A= o4
sl glom ojof it HHAd At EA X3 Fof AUk

o [e]3
L4 =

T FA HUA nWEZ G A Vibrio anguillarum 2
ZEE mannose-1-phosphateE mannose-6-phosphate,
glucose-1-phosphateE glucose-6-phosphate® 7} S 202
W3 A 7]+= phosphomannomutase/phosphoglucomutase
(pmm/pgm)9 F+HAE sequencingd} o] 1338 bp2] open
reading frame (ORF)Z Y&t} o] &= 4467] 9 ofm] Ak
32351 47,625 Dag 7HA I Qlth. R E thE Vibrio sp.
o pmm/pgm FAAYL FFAS HLIFS o V.
mimicus V. vulnificus, V. splendidus, V. harveyi2}:
92.3%, 91.4%, 89.9%, 89.9%9°] 3 Fdl= AFAS AU
AATH FZH 52 FHAE pET-28a(+) vectoro] 23}
o g FoIH Bade R AL fEsGon ok
2 solubledt AE| 2 Ugth. Soluble fraction2 Ni-NTA

column chromatography® AA|5to] ¢F 50 kDa2] Tzl
AQl3 o]= FZ mannose-1-phosphateS 0| &3t= G4 2
FlE o Mg* o] o] A3 wf &4 9] &Ao] et
£ AL ZAT A3l B A9 s W2 229
stressdlolA] W&o Z71E-E Reverse Transcriptase-
Polymerase Chain Reaction (RT-PCR)& 3] €213,
A5 A% (homologous recombination)®f €3t ==
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