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Properties of UDP-Glucose Pyrophosphorylase from Camellia japonic
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UDP-glucose pyrophosphorylase was partially purified from Camellia
japonica pollen grains and its properties were studied. The enzyme had
a molecular weight of 51 KDa and a pH optimum at 8.0. It required
Mg*" or Mn*' for activity and its Km values for UDP-glucose, pyro-
phosphate, glucose-l-phosphate and UTP were 54, 30, 450 and 270 uxM,
respectively. The enzyme activity was inhibited by nucleoside triphosphates
and stimulated by fructose-1,6-bisphosphate and fructose-2,6-bisphosphate ;
the stimulation by fructose bisphosphates was particularly found in the
reaction of UDP-glucose pyrophosphorolysis in the presence of Mg®".
These properties of UDP-glucose pyrophosphorylase were discussed in

relation to camellia pollen tube growth.

Key words: Camellia japonica, Sugar metabolism, Pollen tube growth,

UDP-glucose pyrophosphorylase.
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Table 1. Summary of UDPG pyrophosphorylase purification

Total Total Specific
Step Volume protein activity activity Yield
(mD) (mg) ¢9)) (U/mg protein) (%)

Crude extract 92 322 684 2.12 100

50-80% Ammonium sulfate 4 96.6 486 8.59 711
precipitation

Sephadex G-75 gel filtration 55 17.5 286 16.3 41.8

Q Sepharose fast flow 50 0.975 49.8 51.1 7.3

ino exchange chromatography

Activity in the direction of UDPG synthesis was assayed in the reaction mixture (see Table 2),

and expressed in unit (#£mole product min ' ml™").

HEha, 707 b—2EHEO & 5 i@ h, i ME L FiE
FERICA B,

IhonHRTH@L TV B UDPG +PPi— UTP 1. MEETEBOESE
+G1P OJE UDPG Fok 2+ 1) 5 —€ick D HiRIicdE U<, v v+% (Camellia japonica)
Wit h B, OB ERBRDICBL TR DRBDIEL v LD, fEHiRET (30°C) TH#%S
UDPG A4ikicBd5-4 5. UDPG BIEMEMIEED ST D i, TERZS BRI i L, wEEE
ZREOEIETH Y, TEMEMER UDPG o4:mkic MU, fEpossiE, 0.M 7 va—2—1.3%%ER
WMEINEEEZEZOoNG, KRR B LTI, Fz RV, 25°CTiT- 7.

OREH#E UDPG AP L, @Eamiiao » a
BARRE LTIEHSATO B0, £ IEE, Y 2. EEROME SRS

OFEFERIE PPIRIER R K7 VS hFF —Fit kD T b Ty, RSO RS & B 72 TER
WAiezZF s EBMoNTEYY, T4 UDP (1-5g) AL, BIERTNT2-6CTIT-%
GEohRb ) S—COHEECOWROH XK TEBYRL % 10mM Tris-HC1 #& ik (pHS8.0) 1< it
EEBINLS., TOEIHICUDPG Eokz kY L, ZLvF 7Lz (130-150MPa) (Ch i THERE L
5 —C PR OEBEEALE 2 5, £ OFEMEIEEIE fo b D AEFLLSEE (120002, 0°C, 2043/ LTk
TEHEMREERZCBEFRELTVEEEI OIS, WEED . LR HEREROREL, vy F T
D UDPG Kok 2k Y 5—FicoWTH, < VR, ELDSEHREEROE L, CokHicLTE
NFETELOWEOBLZ SN, LIS VWTIE T » £ Bl LG E e & L7

92O ATV TEOMWESTHRONT WS, Rt th g o [EDERR S & I 2. T50-80 96 BF0 43 1
COFITBWTIE Y NFIEB O C O F oM HIc> BaE Rl TED . 2hEDR @&@ﬁh/
WTHEG L, (EMEMEICET 2 OBZOHxic-> » L, Efirg T PG L L7 Sephadex G-754 5 4
WTEE LT, (5.3af X 90cm) = b U, [A] CREMEE CAH L7, 4

Abbreviations: F6P, Fructose-6-phosphate; F1,6BP, Fructose-1,6-bisphosphate; F2,6BP, Fructose-2,
6-bisphosphate; GIP, Glucose-1-phosphate; G6P, Glucose-6-phosphate; G1,6BP, Glucose-1,6-bis-
phosphate; HEPES, N-2-Hydroxyethylpiperazine N’-2-ethanesulfonic acid; Ka, Activation constant,
i. e. concentration of effector that gives half-maximum activation; MES, 2- (N-Morpholino) ethane-
sulfonic acid; NAD, Nicotinamido adenine dinucleotide; Tris, Tris (hydroxymethyl) amino-
methane; PPi, Inorganic pyrophosphate; UDPG, UDP-glucose.
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O 7o i M 4y ) 2 SR T ©EAT{L L 72 Q Sepharose
fast flow # 5 & (2cefX34.5em) ICBFEXE, X5
Wl CARER T 5 & %8k - 7284, 0-0.5M KC1 ¢
BEARICLOEE L. SWiE Sml 280, &
S I % —20°CTERIF L, B L 7,

3. BREHOAE

TARTUGHERF I ml &L, KIGIE pHS.0, 30°C
T, EHEAERY L mol /min OBULZE R T4
BEEEHME LTE LK.
(8) UDPG SRS (G1P ARG

Bk L 7-GIPENADEEUG & 3% & &, 340nm
DWRNEZA T & 0 JE L7, EEER SR 13, 50
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Fig. 1.
ion exchange chromatography.
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Elution pattern of camellia pollen UDPG pyrophosphorylase by Q Sepharose fast flow
The fraction through the gel-filtration step was loaded onto a Q

Sepharose fast flow column (2cif X34.5¢cm), eluted with a 0-0.5 M KCl gradient at a flow rate of

4ml /min and collected by 5ml fractions.
broken line, KCl concentration.

Fig. 2.
G-T75 gel filtration.
chymotrypsinogen (3), and cytochrome C (4).

Symbols: @, enzyme activity;

O, protein content;

Estimation of molecular weight of camellia pollen UDPG pyrophosphorylase by Sephadex
Proteins for calibration: bovine serum albumin (1), hen ovalbumin (2),
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Fig. 3. Effect of cations on the activity of camellia pollen UDPG pyrophosphorylase. The enzyme
activity in the direction of UDPG synthesis was measured in the presence of MgCl. (@), MnCl,

(W), or ZnCl. (@).

Fig. 4. Effect of cations and PPi on the activity of camellia pollen UDPG pyrophosphorylase.
The enzyme activity in the direction of UDPG pyrophosphorolysis was assayed in the presence
of MgCl. (@, O), MnCl. (M, []) or CaCl. (A) at ImM (filled symbols) or 0.2mM (open sym-

bols) PPi.
Fr2zoaC (12300) %MAW7.
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ARLTWE, CORBEEIENIC T GOP Bk #KBEE, &
AFTINVaALY -, ~FUFF—F¥, fNLY—
¥, o s 27>y -FREENTELT, K
fipoF 2K TNaA Y A5 —EEENBAE LN T
DS %E —20°CTH0 HRIT L e BEOTEVEIK T 1349 5 %
BETH - 7.

2. BRoOHE

MES-KOH, HEPES-KOH, Tris-HCl #&##% %
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14 Vv TREENAE SN h . ZLTIOME
Mg?' & Mn* " TIREEBELSY, KiciB/RLTWE
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PPi0.2 mM Tl Mg’' 1 mM A%, PPi 1 mM Tl
Mg*' 2 mM OREMSERbIEEN G » -7/, ZL T
Mg* IR 2 mM LI ETIE PPisE 0B I3A 5N
1ih - tz. Mn*'id PPi0.2mM Ti30.25mM DIz,
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12,
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I mM F 6 P R/ [6 D SIS IC A 5.2 1 s » 1o b8
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UDPG S o BUG% 9 2 e L7 (Fig. 5).
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I Mg " BT 3551 2 - 3O Rt A Sh i
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R MO T UDPG BT DfEEE 7 4 — KNy
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0.1mM BE TR A 5218 5 1255,
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o T,

3. RIEREEH

Mg’' 2 mM f#/EF T, UDPG & PPiicL T
WwFN b 0-0.0lmM EEFHPHT, UTP & GIP I
BIL T 0-1 mM BEICBWTEEREEEEZNE L,
Lineweaver-Burk 7o v bEEIC LD Km %R
fz (Table 3). UDPG, PPi, UTP, GIP Ic%f L
TzrhEhnsd, 30, 270, 450 u M DEDE SN,
H=2PRF5 Ry ) T oBETEON s L
KLT, COfFED UDPG & PPiicxtd 3 Km {i
F—Hrha <, UTP & GIP icxdd 2k i3 1EE U
ThH-t. £/ F2,6BP & F1,6BP %9 % Ka fii
2 0-3mM OfifHoFEERTRD 12 AH, Fh
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Ntz (Table 4). v NFTER 3B 1 B TRA L,
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Fig. 5. Enhancement of the activity of camel-
lia pollen UDPG pyrophosphorylase in the
direction of UDPG pyrophosphorolysis by
fructose-1,6-bisphosphate and fructose-2,6-
bisphosphate. The activity was assayed with
changing amounts of enzyme under standard
conditions (O) and in the presence of 50 £ M
fructose-1,6-bisphosphate (/) or fructose-2,6-

bisphosphate ([ ).
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Table 2. Effect of metabolites on the activity of camellia pollen UDPG pyrophosphorylase

Metabolite Relative activity (%)
(a) (b)
(1 mM) UDPG synthesis UDPG pyrophosphorolysis

None 100 100
UDPG 69
uTPp 59
UubP 61 76
UMP ) 83 91
ATP 74 70
GTP 69 60
CTP 71 69
3-Phosphoglycerate 88 84
Phosphoenolpyruvate 91 82
Pyruvate 100 917

Reaction mixtures: (@) 50 mM Tris-HCl (pH 8.0), metabolite indicated above, 1 mM GI1P, 1 mM
UTP, 2 mM MgCl; and 0.4 U inorganic pyrophosphatase ; (b) 50 mM Tris-HCl (pH 8.0), metabolite
indicated above, 1 mM UDPG, 1 mM PPi, 2 mM MgCl., 2 U phosphoglucomutase, 2 U G6P

dehydrogenase and 0.4 mM NAD.

Table 3. Affinities of camellia pollen UDPG
pyrophosphorylase for the substrates and

effectors

Substrate or effector Km or Ka value

(M)
UDPG 54+ 1.1
PPi 30+ 8.5
G1P 450160
uTp 270 94
F2, 6BP 20 6.5
F1, 6BP 48

The values, means = SD of three experiments,
were determined from Lineweaver-Burk plots
of data obtained from assays under standard

conditions.

z -3

voxF UDPG Evhk zk Y 57— 3 EMIC Mg?
F7203 Mn® DM TH - 72. Mg? 8 UDPG ¥ o
FARY 5 —EIHECROENBEAA Y THLI LR
Z e ah, Mg? 13 PPi 43 UTP &4
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CEZOLNTWS, ToayYoiE#cid UDPG 4
fit (G1P R HoBIEE PPi & Mgt okds 1 .
1 oK, UDPG &k Al T UTP & Mg'' olt
p1 o 2 0RFICTEESRKRER Y, HithT T
PPi & Mg* oA 1 : 1 OBHCiEEASEKICHE B
EHEEhTwa, v N+ BHROEA, PPLIRE
D 2 fELL LD Mg HHFEAE Lt & EIiEMEDRKIC
L ms ot (Fig.3&4). —7 Mn*'id Mg®'
DL LAKBECTEIDEVIFEEEZRL, Mn*' &
PPiDltiz 1 : 1 oficikb@WiGEs 4 5 hic.
727 Mn* 3 A IBE R AP, SOERE R R E 5
ERUTIRTEAS D L, Mg® ' OfERE BT - T
5.
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Table 4. Changes in the UDPG pyrophosphorylase activity during camellia pollen growth

Incubation Activity Pollen tube Protein
time length content
(hr) (#mol/min/mg protein) (mm) (mg./1.9%10° pollen)
0 6.970 + 2.249 0 26.8 = 2.6
2 4.187 = 2.317 0.6 = 0.1 20.3 = 2.0
4 3.390 = 1.414 1.8 £ 0.3 13.7 £ 3.3
6 2.653 = 1.011 3.7 £ 0.5 11.1 = 4.6

Pollen (0.1-0.2g) were incubated on a 0.1 M glucose-1.3% agar medium at 25°C and the growing

pollen were collected and homogenized in a glass homogenizer. To the supernatant obtained by

centrifuging the homogenate, (NH,).SO. was added up to 80% saturation.

After collection by

centrifugation, the precipitate was dissolved, desalted by Sephadex G-25 gel filtration, and im-

mediately assayed for the enzyme activity. The values are the means

F1,6BP I3 ADPG ok 2+ 1) 5 —EiEM: % (L
THILEY, £/ F26BP I PPifk{Fh x4k 712
bEFF—EIEEEEETZ T EOBMONTWE. O
NH67L07 b=2EZY) YiglZY "+ UDPG £ ok
24 5 —EHEEEREL 7 (Fig. 5). Ch sy
HOVEFBR I AU TH % 55, GL,6BP ic & ')'Cl:]
BRGNS A SN2 DT, (LEWD Y Vg DI
»%~LTV5®#%W&&“.M$EE#W“%m
KR H LN B T &, UDPG & PPi OISICK L
THOMRMAKE W &3 = OV A 2 2 5 8c
BT HHATHD, &SI L ABRE VTN
DRSS,

YNFUDPG Fos 24 1) 5 —€ 3 UTP ®
GIP £ » & UDPG & PPi lc%f L T HAIPEA 5 <
(Table 3), %7 UDPG ®lnt oV 4R IE 7 v
Jh—2EZ2) VBRI TRES NI, chbnl
L3 UDPG+PPi— UTP+GI1P O IJGHE A % 4
WIEERLTOVE, AR OEEE v 2 T
HBHDT, TOEoFRKY 7 —EGIEy a ek
FERDUR &4 2 2 & T s PO S RIS L Tw
BLENEZOND. TDLDHE Y g PO K-
UDPG Eoh 2+l 5 —ERBIFHEANE S L ick i
5 aflim SIRERICHIE B v a PIORREIR E & h
TWa™, —%, TebEMaBE Lo LRk Th 5
UDPG b ¥ aflinslkshzobbmiiswv, L
MLIWNI =R T NI b= ZADEMEICEYTH S
ZLRINSOWN S LIEREREEZ R ESN B 139

* SD of three experiments.
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UDPG mEEZ PSSO I I RIf & 1, %7 PPi
WRERIZR O PPikIER 2R 7 07 b+ & — € D MM
Eoh27 74 —€REOHEE LTRHHAENE LD
EAGHHLE S IR i 58w, &b iF UDPG &
oR XK F—-¥KIGEE PPifkfit 2k 707 b &
> = EUSE DI S NETEREMEICIFETH
59, KB UDPG Fohk 24 ) 5—€¥hEE 50
T OIS L T W A0 A2 5 121d, dlaNoZ
NZENOIE O R ACHEHEIE O s & &~
BN S0, FIEB O PP+ 2+ 7 1
JhFF—EPMEE DR R T > ¥ —HioWTIZH
2B OWGAONB T THY, Wit 2
HOFEMEHIC>VWT b & S IR 24808 5.
YNSFEBMOEMER <V b — 2 icklEs N B,
COFEEF 7 VI —2h 5 GIP, G6P ## T UDP
GRS AGHBIEO & T hdi= v b — 21 &
DD DB ESh B 2L s &
PHEES N TV B, PSR TIRS 545, <
F=Z 3 UDPG ok x& Y 5 — EFEkIc iy 4,
F7210mM <L b= 2% &L 70 3 — 2B TR R
L71EB® UDPG Fok 2k ) 5 —€iEZ< L~ —
A G imwbn(ﬂmm4)&ﬂtfﬁ fo. L1
Mo T Na = ZBEEIEBHC B Y 5~V b — 2D E
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