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A1 & QoM A7l @A (d)9] HAE-S 3-EAFEZE| A A2 (3-phosphoglycerate; 3-PG), obAl€l-z =}
%) A(acetyl-coenzyme A; AcCod), T EZ 6-FEAHO|E(fructose 6-phosphate; F6P), iEﬂEZ 1,6-H]A¥X2
Ho]E(fructose 1,6-bisphosphate; FBP), ZF3 =2 1-¥2A#Ho]E(glucose l-phosphate; GIP), FFFHLE 6-
F 2 o] E(glucose 6-phosphate; G6P), EAF &3 F B A phosphoenolpyruvate; PEP), a—ﬂ]EE—rE}Eﬂ o]
E(a-ketoglutarate; a-KG), 28Al& 3-E27 o] E(glycerol 3-phosphate; G3P), NAD(Nicotinamide Adenine
Dinucleotide), NADH(Nicotinamide Adenine Dinucleotide reduced form), NADP(Nicotinamide Adenine
Dinucleotide Phosphate), NADPH(Nicotinamide Adenine Dinucleotide Phosphate reduced form),
ADP(Adenosine Diphosphate), AMP(Adenosine Monophosphate), ATP(Adenosine Triphosphate), =@AlzolE
(glycerate), AlE#HC]E(citrate), =FEFH|o]E(glutamate) 2 D@ o]E(malate)® FAE T o ZHE ¥
He s o) gixbER AE BEHSE st Y.

A7 1
A 1 3 doja], A7) e mAE PAE Fo|A GIP(glucose l1-phosphate) ¥ NADPHO] EA1S 9)5to] A
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o

@A (a): 52 ©HA

B odtdo] w2 A& vHlo]ou|AE WA WE-S(cool methanol)o] #AES t}e FAA Xt}

whE A A=, A7) vAES A gk (Klebsiella) Folal, A7) A@A A T2 IR L 2= 2 rlE
*(Klebsiella granulomatis), I :|Adz} 2A|EF}F(Klebsiella oxytoca), AZAA|AZ FRUo}(Klebsiella
pneumoniae), A :|Al A} HlE A (Klebsiella terrigena) % A #WA]Ade}l ZWE]Z}F(Klebsiella planticola)
g xFeiy, 7 vt siAe aPgA L KA ETLo|T
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T 10A13 e AES 5S4 F

Ly [e]

fn i hue [}

A e AA), a2 01]%%(9‘4*—'1), Aee-SR25(0), 50D, FAsEEtES)
T

% AAE Adsaa Bk olE AxdE 02X
Aol utet 2wl Wk olE AAlee] o)
Aol glojA ABE Alelct,

A 2 Wy

A

AN d55 Klebsiella oxytoca(d}7] ‘K. oxytoca'#al 3§, ATCC 43863)% ATCC(American Type Culture
Collection)ell A FiEate] AFE-3I3ITE. A AREE AR 8 dAEA[EFE=, A, FJRBEAL
214k, (R,R)-2,35-|tho] &, (meso)-2,3FErtol& F ogbE] & Alx ] dgAt&E4 [3- iii%ﬁl*ﬂ%ﬁo‘%
(3-phosphoglycerate; 3-PG), oFAl€l-FMA}9] A(acetyl-coenzyme A; AcCod), ZHEZ= 6-E 2 o|E(fructose
6-phosphate; F6P), ZYEZ= 1 6-H]AFAHo|E(fructose 1,6-bisphosphate; FBP), %—Eri 1-¥2H o] E
(glucose 1-phosphate; GIP), SFI= 6-X2Ho]E(glucose 6-phosphate; G6P), XEXF|E3|FHAE
(phosphoenolpyruvate; PEP), a-AEZFFE Ul E(a-ketoglutarate; a-KG), ZHAE 3-EAHoE
(glycerol 3-phosphate; G3P), NAD(Nicotinamide Adenine Dinucleotide), NADH(Nicotinamide Adenine
Dinucleotide reduced form), NADP(Nicotinamide Adenine Dinucleotide Phosphate), NADPH(Nicotinamide
Adenine Dinucleotide Phosphate reduced form), ADP(Adenosine Diphosphate),  AMP(Adenosine
Monophosphate), ATP(Adenosine Triphosphate), Z@]Aldlo]E(glycerate), AEH ] E(citrate), SFEHOE
(glutamate) @ Zdlo]E(malate)] ¢ TF 22L& Sigma(v=) T+ Fluka(W]=h)olA F4&dT.  uex
A4 2 AJeFS A}E-3}o] LC/MS(Liquid Chromatography/Mass Spectrometry) w41 A A]&}SIc)

-

HJQF F7

i

A v Fe 12/\] b, WSS 200 rpm, WIS &%= 37CE 200 m LB WX & o] &3} 500 ml ZeFoA 4
Aaholh, ¥ wekel SR woke 5.0 L AEWSE okl 2.0 Lo Ao thed de 249 HAx
WAE ol gstel st

2.90 g/L KHPO;, 11.30 g/L KH.PO,, 6.60 g/L (NHy),S0,, 0.25 g/L MgSO, - 7H;0, 0.05 g/L FeSO, - 7H,0, 0.001

¥

g/L ZnS0, - 7TH,0, 0.0014 g/L MnSO, - 7H.0, 0.001 g/L, CaCl, - 2H.0, 0.1 m¢/L HCI, 20 g/L &F3ZL=. T4

Z71= 1.5 L/Eo]3 2 M NaOHZE o] &3} pH 6.52 A4}, Tk 71402 AFSA A (anti-foam) =
TYste] AFe ok FA Wl 80E AAAT.

2 ko] AlFE & 10A13F Tl vl #F AFHE S, 10 m H(vial)S o€ AFHE I T2 Fy
9] 60% HEHS(-40TC)el vlZ Fd3dt. AT F94S fdl, 7 AX U gAEE FEUY T 4 2
AZS FHlEY. dESed gA AEL2 Y IAREIE o839 102 &<t 30,000<g, -9C &AL
2 9AEEE AAEAY AEde AAGI AAEHY AZEAS AAAroA 23 ? -80CelA Al
U giArEE FEUE AlY A7k 2#@selt
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(1) ¥ weE 35 (Cool Methanol Extraction; ME)

A3 (Quenching) ©ANA EZE AEEHo] 1 mle 100% WEHS(-50T)S H7lele] BHAZ 5 QAL E
A7vstel Yzpslgitk. o] &S =goloto] g o] &alo] 3Fetltt. o] Zo] WA-dE #AS 33 ¥
ale] AAl, AE U AIERESC] AE RE Aol YoA k. &% 16,000xg, L% —9°C, A|ZE 5]
702 JAEYE AT, ATAAE U gAMEZe] Folol=)e =ilojole]AE 3kaL
500 w0 100% WEHE(-50C)& H7lste IAEYHES FHAA 7] Aed B85 34 w583t ol
A4 BE Az dAERIS FE3%T. o] 22 AL T 753 AXUdrEZ] SolglE dAA=
-80TColl Al UPLC/Q-TOF-MS £41& 93t A& A 7kA] Basiqitt.

(2) 12 &2 = (Boiling Ethanol Extraction; BE)

2 GAA F=ujE AEEA] 1 ml 100% oEF(90T)S FY3 & A= 7] (Thermomixer, Eppendorf,
=U)E o]&3sle] 10% 9k 90TCAA wHgstY. 1 F 5EEQ doA WAk, 16,000xg, 0T
x4 5E&Ed AT E AAStY] FRES AASUT. o] 22 AAHE FI 53 AEU dAEEo]
a
[e)

B
g AAE -80TNA UPLC/Q-TOF-MS #2418 93t AZ g A7t B#ssd).

(3) Wete/FR2FEE FZ(Methanol/Chloroform Extraction; MC)

e Mg/ SREEE SN2 v/v)E H7lete] FRA7lan B vEes

A WAl Frld AEEdE 1

o] &% AZ tAkEE FEWHA AR W7-sle HHE AsT. e gl @A 0.25
mt 0.5 mM E&A(tricine)S FA3A A anbete]l F9E F AREh dofus A& AR
B Meese FHstel dF A WA sl 0.25 mt EE5-37F 0.5 M ESAlE Fdste] v
s AAEE. A9 WEESE de dolM W¥7AATIa v 53 MeESd EREgith.
ThES& 16,000<g, 0Ce] =AM 102 &<t fdEes AAste] d5ds 5538k 80T A UPLC/Q-TOF-
NS A& fA%k AE AR A7A Baslt:

(4) 94 FZ(Hot Water Extraction; HW)
o

A DAAA EvlE MEEH AT (de-ionized water) 1 mE H7FeE & SE}VIE o] &3fe] 95CAA 5
2E WIHAG.  oF A olA WAL 9,500xg, -9Te] 2NN 5RF DARAE AAse] 3
Fol -80Col 4 UPLC/QG-TOR-NS 412 918 4% A2l 47k mabslelnh,

WA DAl EnlE A=l 1 me 0.25 M KOH(80C)& H7bske] F-fA1713 AEHVIE o]83te] 80TAA
105 ¢k gatalth. 22l Saedh A dellM WAt 20,000%g, 0T 2AA 10w & A4
wEE At AFAS F58ke] 1oml 0.25 M HARE Hrbete] Faubes APsigie. TNk ¥
AL e AAEt] FF AL -80Toll A UPLC/Q-TOF-NS £41& 918 A A7 A4 masiict,

H AZEAS 1w 3729 0.25M #9252 perchloric acid)E 7 sle] B dg2S o
A ZZuo| A ALES WZA=s% A4S APsY. 16,000Xg, 0T Aoz JARE

AFole FEela KOHE FUstel FENES Aasglt.  moha Qaelsiel g
A
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67FA1e] MEU tgiAEE FEUHE ol&sle] 5% MAXY diAtEde] &f3EHo] e IS olvE SE
ZF-MC %o ¥ (Amicon Ultrafree-MC ultrafilter tips, Millipore Co., P]=)S ©]83}o] 9,100xg, 4T

2004 ALY E 243 Bt AFsto] o3 FE Sl

AEZL] gAlEE wE9 =4
AES] AR FFFe=, AX, ¥EAE 2 olMEo]ES FXi HPLC(high-performance liquid

chromatography, UV 730D #HZ7”], RI 750F RU¥; 97, digul=)E o]&3sle] ZAsAY. Are3 A5
olu|dl ~ (Aminex) HPX-87H, 300 mmx7.8 mm(Bio-Rad, W) AFE3}3 1L o]F5 AL 55T 58 £% 0.6 md
/el A= 0.005 N H,S0,& AHR-3F2T}.

UPLC/Q-TOF-IIS =%

AEY dAEZAe s=5 4317 e, YE2= AFHE UPLC Al2=®l(Waters Acquity upLC” system, Waters,
) S ARSI Abgs A-e AFAE HSS T3 A#H(Acquity HSS T3 column, 1.8 gm, 2.1 mm><150mm;
Waters, @=p)oltk.  @¥e] 2%& 35Co|x, AF-HEe]e] 2% 4C9 xxow Psqirt.  olF3de
2E (M) 5 M EYREYRE olAH o E(tributylammoniun acetate in water) 2 (B) W& A&}
X85 AEA 7nass spectrometrys $IEIZ A Q-TOP/MS(Waters Xevo  Q-TOF/MS; Waters Corp., %<)o]
glow, o3z 54 7] (negative electrospray; ESI) A& ol&stiith. A Mel= n/z 50 WA
1000 Dal.2 0.3 % A7AAEoR AASTE.  EST 22 Aee dga 2oh: AZee A, 3.0 kv; AEY

£, 3.0V, &2 2%, 100C; E8vst 2%, 350C. @&t 2 & 7}2(cone gas)2E &
25 AMESIGler &8 &£%& 500 L/h oldithk. FE oA (collision energy)E 3 eV o T}, 3ol

9l

3 LockSpray = AMg-3k5lT),

A E g AREE L] o]
Az oAbzl s25 k7] 8l AlEd oAb de] FuE 2F el Al diabede] sEe Al
FU =2 FIE ol ml 992 AfE = vk B ATelAs K oxytocadl AEW A=A H9)
2 Bl 1.67 m/mg AxTE FAE o8t A7 LAl AT

il

K. oxvtocad) HEAMY SRS A9 247 Vel AES AAHL AL F 2 ALY QAR FEE
BASGTHE 1. % 1014 AZAZFF A2 59 K owtoca’t BF F 84 AFARE 9
T oolFeli AN BRE A o £ gtk A BAE MBI A4, A, EEA L opdHo]
Eo) ¥EE AE Az A3 A 4TS wolt AL FASYTh.  md Al B Aol )
A e BE SRmoxs A5 ARG A% %l St

UPLC/Q-TOF-MS =73

UPLC Al2=®1e K. oxytoca® AEW A=A wapzxolx HAEd A4S s8] AL&EATt. E3] UPLC Fo)
< AZvtE 23 (Total lon Chromatograms; TICs)<S H|nEO 22X 6714 MEW AEZR F= W F=5E2
I FEE AU AolE EQ 3 4 A= 2). BAE 2071K9] K. oxytoca MEYW tAEAL 7}
E

FE5 29 AR o]&(fragment ions), AF o]=(retention ions) E w}A o](marker ions)2] accurate
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massZ 2l H L 7 B4 FAEAHL # 20 YERIATHE 1 E F 2).

E 1
TaEE MR AY ERA Hes Uy a0 B TR
(min) (M-H (MeHY (mDa)
EETELL 760 C3HG04 105.019 105.021 2
=
230/ 1673  C4HB0S 133.014 133,015 1.3
oKG 1747  CSH60S 145.014 145.014 0.5
2= el 495  CSHONO4 146,045 146.047 1.3
=
PEP 1870  C3HSOGP 166.975 166.976 1.3
G3P 10.24  C3HOOGP 171.006 171.008 1.6
3PG 18.08  C3HTOTP 184,085 184,087 1.6
A|EZ2 AL 18.34 C6HBO7 191.019 191.02 0.9
F&P 10.00 CBH1309P 259.022 259.023 1.4
GI1P 10,25 CAH1309P 259.022 250,024 1.6
GEP 9.28 C6H1309P 259.022 250,023 1.4
FBP 18,08 C6H14012P2 338,088 338.99 2.1
AMP 15.08 CI0H14NSQ7P 346,055 346.06 49
ADP 1900 CIOHISNSOL0P2  426.022 426.027 4.9
ATP 21.44 CI0HISNSQI3P3 505.988 505,992 4.2
NAD 12.78  C21H27N7014P2 662,101 662.098 -3.5
NADH 19.21 C2IH2ONTOL4P2 664117 664.116 -1
NADP 18.34 C21H28NTOI7P3  742.068 742,066 -1.9
NADPH 21.50 C2ZIH30N7O17P3 T44083 744083 -0.4
AcCoA 23.06 C23H38N7017P3S  808.118 808.122 4.2

[0077]
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[0079]

[0080]

[0081]

[0082]

[0083]
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3 HEIH Y4FE: LY. o N
A0 B 2 (@ ¥ (pmoles’L) (pumolesL)

224 o|E 255.49 8.6918 0.9997 0.419 16.710
a0/ E 501.57 314l 09998 0.786 15.621
o-KG 312.86 54,156 0.9993 0.152 26,733
J2EHolE 16576 26515 09991 0364 1401
PEP 146.66 53197 09997 0,828 11,796
G3P 203.54 24.393 0.9995 0.760 5309
3-PG 198.55 92.723 0.9978 0.867 17.957
AlEZ0|E 2311 2.79 0.9994 1.049 16.281
F6P 7332 41,193 0.998 0.65] 12,172
GIP 61.431 20.661 0.9989 0.710 25017
GEtP 45818 40.677 0.9981 0.956 2222
FBP 41.128 21.67 0.8097 0.712 11,7358
AMP 61.8 23.975 0.9986 0419 5.365
ADP 33.605 36.003 0.9958 0.694 15.666
ATP 37208 51.73 0.9983 0.627 15.184
NAD §.3762 3.334 0.9095 0.299 4267
NADH 11,414 -28.385 0.9967 0.280 15325
NADP 9.3093 2.7016 0.9993 0.303 5341
NADPH 80184 11.916 0.9976 0.379 6.920
AcCoA 36.638 69.331 0.9972 0.633 20424
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