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sl

2E M¥:+= ATCC (American Type Culture

Collection)oll A~ F+d&te]  ARgativt. zhzbe]  wfkzzde 3t

[

Wl XS Gibco (Gibco, Carlsbad, California, USA)°|A T35}
10% FBS (Fetal bovine serum), 10 pg/ml streptomycin, ZL#]al

100 U/ml penicilling #7Fgt ¥ 37T, 5% CO, &7] ZAolA

%A oz FA%el At TEG ng FeelAe] AP
xrdo] iEA &2 vl (Gibco)E TFHsF] UREAQl x| <}
FAsHA Aelste] ALgHech

2. Site—directed mutagenesis
PAA FAAE e GHZ WFA] A 54 ob) e

G A A= T M AR ARAA AL

()
ol

oligonucleotide primerE GC contents 50% ©]3}, Tm#t= 70T
A7l HE=E 30mer Zo]lZ AFsATE. Pfu Turbo DNA

polymerase (Stratagene, California, USA)E A}&3}o] plasmid
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mutatione 7} plasmid® Al oA FZ

type® plasmide= Dpn [ AtaiE A elsld

¥ 1. Site—directed mutagenesis®l] AF-&% primer A ¥

%

AE (5> 3)

pSG5-
hPGM1(T553E)(S)

sense

CAGCTGCAGGAGAGGGAAGGACGCACTGCACCC

pSG5-
hPGM1(T553E)(AS)

antisense

GGGTGCAGTGCGTCCTTCCCTCTCCTGCAGCTG

pSG5-
hPGM1(T556E)(S)

sense

AGAGGACGGGACGCGAAGCACCCACTGTCAT

pSG5-
hPGM1(T556E)(AS)

antisense

ATGACAGTGGGTGCTTCGCGTCCCGTCCTCT

pSGH-
sense GGACGCACTGCACCCGAAGTCATCACCTAAGGG
hPGMI1(T559E)(S)
pSG5-
antisense | CCCTTAGGTGATGACTTCGGGTGCAGTGCGTCC
hPGMI1(T559E)(AS)
pSG5-

hPGM1(T562E)(S)

sense

GCACCCACTGTCATCGAATAAGGGTCGACTCGA

SG5-
hPGM1(T562E)(AS)

antisense

TCGAGTCGACCCTTATTCGATGACAGTGGGTGC

pSG5-
hPGM1(T553A)(S)

sense

AGCTGCAGGAGAGGGCAGGACGCACTGCA

12



pSGhH-
hPGM1(T553A)(AS)

antisense

TGCAGTGCGTCCTGCCCTCTCCTGCAGCT

pSGhH-
hPGM1(T556A)(S)

sense

AGAGGACGGGACGCGCAGCACCCACTGTC

pSGhH-
hPGM1(T556A)(AS)

antisense

GACAGTGGGTGCTGCGCGTCCCGTCCTCT

pSG5-
hPGM1(T559A)(S)

sense

GGACGCACTGCACCCGCAGTCATCACCTAAGG

pSG5-
hPGM1(T559A)(AS)

antisense

CCTTAGGTGATGACTGCGGGTGCAGTGCGTCC

pSG5-
hPGM1(T562A)(S)

sense

GCACCCACTGTCATCGCATAAGGGTCGACTCGA

pSG5-
hPGM1(T562A)(AS)

antisense

TCGAGTCGACCCTTAGTTGATGACAGTGGGTGC

pQE30-
hPGM1(T562E)(S)

sense

GCACCCACTGTCATCGAATAAGGGTCGACCCT

pQE30-
antisense | AGGGTCGACCCTTATTCGATGACAGTGGGTGC
hPGM1(T562E)(AS)
pQE30-
sense GCACCCACTGTCATCGCATAAGGGTCGACCCT
hPGM1(T562A)(S)
PQE30-

hPGM1(T562A)(AS)

antisense

AGGGTCGACCCTTATGCGATGACAGTGGGTGC

3. Transient transfection A3

Transfectione AAIE o w]g HAlS] WA 50~60% A=

AT AR

2= o)
T A=

=
= MEE  transfection 3dFF A

= 8k3lth. Transfection Alol= @4 & 94 €2 JHo U3

oft
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Hj A 2 A8t} Lipofectamine LTX AFgAlol &= HiX| S n}A%]

R AEE 7)SW FelA Aok Arbshs g AL

—

Plasmid®] %4& 2z} A F9o zdo uwat T2 ZAH5HY
AFE3F a1, transfection A]2FC. 2+ Lipofectamine® PLUS
reagent® &3%slo] AE37Y, Lipofectamine LTX9F PLUS
reagent (Invitrogen, Carlsbad, California, USA)E &3%35}9]
ARESETE HA 3AIZE & 20% FBS7F @-¥ DMEM ®iA| &
A7bste] wjx] U FBS ¥%7} 10%7F H %2 9l 4847k
okl % M 3EZE Dulbecco's PBS (Gibco)® o] & lysis
F=8M (20 mM B-glycerophosphate, 1 mM NasVOs, 10 mM
NaF, 1 mM PMSF, 150 mM NaCl, 1% NP-40, 50 mM Tris-HCI,

pH 7.4)& o] &3l A EZS 8319}

4. Az @il Az 2 ZA

pET2la vector =% pQE30 vectore] <17t PGM19] cDNAE
cloningste] 77} tid+ BL21 DE3 codon(+) HEi= BL21 pLacle]
A AN T 3 N9 colonyE Aol 5 mlel LB (Luria
Bertani) #jAloll & g % 37T 14A1%F &<k vieFatdlet. 1447k
S ol A 5 mle] WS SL3 LB HiAl 500 mlel
A7Fetlal 600 nme] e spo A 0.DFke]l 0.6~0.84%=7F & o

7hAl 37TC9  shaking incubatorol A 83T O.DFko]
14



0.6~0.848 =7} ¥ 300 pM IPTG (isopropylthio-B-galactoside,
Duchefa, Haarlem, Netherland)& Y3 30TCelA 8AIZFS H

A Fakalth. 8A1ZF - 500 mle] g wigH& 8,000 rpmo=

108 942 @ ¥ g3ae wgn ¢e 1¥ES PBS
wolrh, 2eve ATEe A % o] dARdse] gzele

et ar, 33k A= Ni-NTA chelating agarose beads
(Peptron)E Z§3 § 4TolA 343 &< AEAZ T Beadss
AE T U+ columnes FHIESY 50 mM, 100 mM®] immidazole
(Sigma-Aldrich)e] €& &%589 (300 mM NaCl, 10 mM
Tris-HCI, pH 7.4)& &2 o] a2/ 3 ¥ npx|etoz 250
mM imidazole®] Eoit 4FE&AS ¥ Az SN s

4759

5.PGM1¢] & oA 4¥

PGM1¢ mRNAY HdES AT 4 = siRNAE DT
(Integrated DNA  Technologies, Inc)E E3a Y439}
Transfections AAIE o wjgF HAe WA 50~60%4 %=

Fsplnt.

M

MEZ} A ¢ JEZ A EE transfection 35 A &

15



Transfection reagenti= Lipofectamine RNAimax (Invitrogen)E
AREetal 10 nM siRNAES A skl 48413 w3k 5, AZE
Dulbecco's PBS (Gibco)® HojFE ¥, lysis €58 (20 mM B-
glycerophosphate, 1 mM NasVO4, 10 mM NaF, 1 mM PMSF, 150
mM NaCl, 1% NP-40, 50 mM Tris-HCl, pH 7.4)& ©]&3}9

AES 733 & mRNA B @iy 2d 4=S 3 PGM19

6. PGM1 knockdown ¢H3 AX = A3

PGM19] #dS AJAET 4 A+ shRNAE Hds= pLKO.1-
puro lentivirus vectorE Sigma-Aldrichol A T3+ tF. Human
PGM1 (GenBank TM accession number: NM_002633.2) mRNA
Q71D A 27 nucleotides 694-714%} 862-842 F-915 ¥4
3t+= shPGM1E Y38kt pLKO.1-puro empty vector®
negative control® AF&3F3 T Lentivirus AZHS 3] virus
packaging vectorZ% envelope glycoprotein 3 vector

(pMD2.G), gal-pol & vector (pMDLg/pRRE), 183l rev &

vector (pRSV-Rev)= AF8-3FA T} HEK293T A 30|

16



Lipofectamine (Invitrogen)= °]&3led A 719l packaging
vector®E 1:1:19] &% H|&Z 42 F target lentiviral vector®}
1:19] 5% H&=2 tA] 42 3 transfectiond}A T}, 48A]7F F-9f
virus7}F E8tE A E sYgN-S 0.45 um membrane filter (Sartorius
stedim, Goettingen, Germany)® A& & v}& AFE3AY, 4TColl A
Hol 25730 Basiloh, mAAxz A ol virusd @ A ZE
A oFe] H)ES 14 A== i, 8 mg/mle polybrene (Sigma-
Aldrich)& #7FgF F 24A13F A= vl 2 5 AEE A
st w] puromycin (Sigma-Aldrich)S 0.1~0.25 pg/mle] B ==

Aelete] S+ AZ F5 Adste] AL el

7. Western blot ¥4

AEE 10% FBS 7} ¥ DMEM ulA|elA] 2~3 wikat ),
lysis €589 (20 mM B-glycerophosphate, 1 mM Na3VOs4, 10
mM NaF, 1 mM PMSF, 150 mM NaCl, 1% NP-40, 50 mM Tris—
HCl, pH 7.4)& o83t AxE 33t =53 Z47E
o] g3slo] AFEHE 71 3 13,200 rpmoll A 1587 LdAEa] ).

A olS dojA Bradford 3= BCA protein assays ©]-&3}9]

17



%

w2

o

AFelditt. e Feo] wwAS SDS-PAGE

filo

(sodium dodecyl sulfate—polyacrylamide electrophoresis) gel®ll
7199 % 393, Nitrocellulose membrane (Whatman™, GE
healthcare, Dassel, Germany)°l transferstitt. Transfer”7}
25%¥ membrane 0.1% (v/v) Tween 20 (Sigma-Aldrich)”7}
x3stel TBST 589 5% (v/v) non-fat skim milk (BD

Biosciences, Franklin lakes, NJ, USA) %+ 5% (v/v) Bovine

serum albumin (Sigma-Aldrich)S 42 5o blockingslaL,
Ze tris @& 12 FAE Wol 4ToA 1242 o)A

AR T2 AREAY 13 FAs v 2o PGMI (Abcam,
Cambridge, UK), O-GlcNAc (Covance, USA), a—tubulin (Santa
Cruz, Dallas, Texas, USA), GAPDH (Santa Cruz, Dallas, Texas,
USA). 2#} A+ anti-mouse IgG horseradish peroxidase, anti-
rabbit IgG horseradish peroxidase (Thermo scientific, Rockford, 11,
USA)S A3t 23 BA& SuperSignal West  Pico
Chemiluminescent Substrate (Thermo scientific)E& ©]-83}al Fuji

X-Ray (Fuji, Japan) Z & &A’gste] &2l

18



PGM1 w¥dES x3hstal Qe Ax FEE°lY, ddds
o]-&3 Ax3t PGM1 @ dS whEo] A3l AH&3t3ith. PGM19
activity 54 dglE AWebd o533 Zo. PGMlel 93]
glucose 1-phosphate®Z%E glucose 6-phosphate’} A%
o]+= tA] glucose 6-phosphate dehydrogenase (G6PDH)ol 2] 3
6-phosphoglucrono-6-lactone®] ®t}. o] A4 NADP 7}
NADPH= 3t¢o] &= d o|uje] Fd%EE spectrophotometerE
o] gstel 340 nm¢ HFelA FAe. =, PGM1I @A

Aed wE Aok EFE F wpue] PGMI A P

=59 FrE trey 7ol 175 mM glyeylglycine &% €9 pH
7.4, 5 mM glucose 1-phosphate, 0.67 mM B-NADP", 30 mM
MgCl,, 0.02 mM glucose 1,6-bisphosphate, 43 mM L-cysteine
HClI €9, 1 unit glucose 6-phosphate dehydrogenase. =&

A E+= Sigma-Aldrichol Al T3}t

19
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1. PGM19] FF2EA|7] 2 FHo 93 54 &4 =4
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Iy 2. @¥E BE vector ] EXA $X9] W& PGM19Y &4
W3}

7h e o8 AxE duds HAATE 7 M Y
vectordloll 4] PGM1¥} 6xHis %A A2 §1 Aol g B2 =, 1}, F
Mol vectorgs T wECX PGM19] Axg dWAS G4 & &
Coomassie brilliant blue R-250 9418 Fa iz wd s
alaskglch M, @ A7) %A o, g AlZRS PGM1 whE e
44 4. AAZ Axd dids o] &ste] PGM1o 245 G-

1,6-BPo] gl= eiet (vh A7k el Ehels SA skl
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2. PGM19 JF=EA7] wero] olur:Al WL E3 4719

threonine A7]9] EA4 &<l

PGM1¢] 7F25A[7]  w@eke]  ofueil AMAdE AEEY
ERQ#ow  553HA  threonine ZF7|FE  wpxE Z7]9l
5621 A 7hA] TXXTXXTXXTS] ez ydsof slas & 5 v
(9 3, 7b. 4RbA = threonine 719 7% whd ol 3f
el Ash7E 2 dojur] witel o5 Aol e <Qlikstrt
'24 A A9 IS A= AE Felastr] fste] Ade
st 442+ 9] threonine #7]E site-directed mutagenesis
AFE Sl datdel Ade AAMH Bl glutamic acid
712 A7 ALY QlAgle]l dAE AdfE 4 flEF e
alanine 7= H3A171 & PGM19e w&dsgtt (29 3, ).

553HA] threonine #Z7]E glutamic acid F7]= v}EQIS U

(T553E) wwid Tdo] dAs Zasklvy. &F 4749 317

L)

E57F glutamic acid 7= A& WA= @] 2o

25
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ABSTRACT

Regulation of phosphoglucomutasel activity

and elucidation of its physiological function

Eunju Bae

Department of Medical Science

The GraduateSchool, YonseiUniversity

(Directed by Professor Kyung Sup Kim)

Phosphoglucomutasel (PGML1) catalyses the inter-conversion
between glucose-1-phosphate (G-1-P) and glucose 6-phosphate (G-6-P)
in carbohydrate metabolism. G-1-P and G-6-P act as key initiative

molecules for glycogenesis and glycolysis, respectively. So, PGM1
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enzymatic activity is important for both pathways. However, the
specific regulation of its activity, other than its role in the enzymatic
process itself, is unknown. And there are few researches to figure out its
physiological role. Here, we focused distinct four threonine residues at
c-terminus of PGM1. Using site-directed mutagenesis, we made several
PGM1 mutants that each threonine residues have replaced with
glutamic acid or alanine residues. As a result, we found the PGM1
mutant (T553E, AlII->E) has low protein expression. In addition, we
showed that T562A mutant has reduced enzymatic activity and T562E
mutant lost it.

We observed that glycogen content was reduced in the PGM1
knockdown stable cell line. When cell culture media has no glucose, the
rate of glycogenolysis was slowed in the PGM1 knockdown stable cell
line (PGM1 K/D). In addition, the culture media was changed to 10
mM glucose media after glucose deprivation for 24 h. The rate of
glycogen synthesis was also slowed in the PGM1 K/D. Besides cellular
O-GIcNAc modification is changed by PGM1 expression level. Using
SsiRNA to reduce the expression of PGM1, cellular O-GIcNAC

modification was reduced in HEK293 and A549 in normal media (25
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mM glucose) and it was less increased in response to glucose
deprivation.

From these results, we report that the c-terminus of PGML1 is
important for enzymatic activity, especially 562 threonine residue is
directly involved in the regulation of enzymatic activity. So we identify
that PGM1 enzyme activity may be regulated by its c-terminus
modification in physiological environment. And also PGM1
expression affects glycogen usage and cellular O-GIcNAc modification

in response to glucose deprivation.

Key words: PGM1, enzyme activity, glycogen, O-GIcNAc modification
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