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Purification and Characterization of Glutamine
Phosphoribosylpyrophosphate Amidotransferase from
Streptomyces tubercidicus
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ABSTRACT: Glutamine phosphoribosylpyrophosphate amidotransferase of Streptomyces tuberci-
dicus was purified and characterized. Molecular weight of the isolated enzyme was determined
to be approximately 230,000 and was composed four identical subunits having a molecular weight
of 58,000. This enzyme was strongly inhibited by AMP while considerably inhibited by ATP and
GTP. Inhibition effect of enzyme activity by AMP was antagonized by increased concentration
of substrate, PRPP, and metal ion (especially, Mg**) was essential in both catalytic activity and
nucleotide inhibition of this enzyme. Therefore, it was confirmed that end product inhibition of
glutamine phospheribosylpyrophosphate amidotransferase by adenine participated in the regula-
tion of tubercidin biosynthesis from Streptomyces tubercidicus.
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Glutamine phosphoribosylpyrophosphate ami-
dotransferase (=amidotransferase, EC 2.4.2.14)=
AW de novo purine ribonucleotide synthesis
#42] A @AQl glutamine + phosphoribosylpyro-
phosphate (PRPP)—5-phosphoribosylamine + py-
rophosphate +glutamate ¥H$-& Zvjsl= T o]
(Magasanik, 1962), ®=3} purine ribonucleotide A}
T Ao 2o gloME F28 A3 sl
ZH A2 (allosteric enzyme) & 924 )t} (Nishi-
kawas, 1967; Holms%, 1973; Meyer$} Switzer, 19
79).

olelgt T84 ol amidotransferases bacte-
ria, yeast, avian, mammalian cells 5-& ] & & 5}o]
B A7k AlsEo] goo] el Hoo, B
2d o] A& 3%4HE4) purine ribonucleotidesl]
2]3le] feedback A& 5= o2 By H9c} (Har-
tman, 1963; Rowe-s, 1970, Buchanan, 1973: Wong
& 1981; Stefano%, 1985). eIt E. colis ) 2)3t
AEEeN e o] Aol E0i9E non-heme irondl

97

7|18k Aol HE BURE R, Fhiede B

< ofelge] Wz 7] wFd (Itakura®} Holms, 1979),
AR HAE o] A4E AS3le] B4 9 2SS
A7 A5 AR pigeon liver, E. coli, Bacillus
subtilis 52 B F5Hol I3 9len, B3] Bacil-
lus subtilisol| A= ©] &A29] f312} S22 Fof 2
gk od77}F 2l =lo] gk} (Mantsala$}l Zalkin, 1984;
Saxild2} Nygaard, 1988; Strauchs, 1988).

22y Strepromycess ANEBZ AFE-3E] amido-
transferase®] ¥-2] 3 SAe] ¥t A7+ o}2 R H
vz glol o, Bal 5 (1989)-2 Strepromyces tuber-
cidicusoll 4 A3 =)= AYEA Q) tubercidin®] A
F}AJo] Az A}E-2 9l adenined} histidineol| 2]s}e]
Z4 =, 53] adenine tubercidin AgAo] Do
3 A7E3 < GTP H34-& de novo purine ribo-
nucleotide synthesis 349 3 &4<l amidotrans-
ferase 7ol 4] feedback Ao 2R Az o2
tubercidin Q33 #A4-& 243} A<k v glok
wheba] B Aol A= Strepromyces tubercidicus 52



98 Hah, and Yoo

AH3-8tod amidotransferase & #-2] A4l 8h 3 o v &4
55 FAsle] o2 A8 ¥ 1% amidotransfe-
rase?} B]5 F-213Fo 24 Strepromycesol| 4 el
o] A0 EAES welaa} she, volr} By o)
Aol o] AHEAS 7 A HEE zAge
4. £l Fo] Agkgt ub e adenineo] <3
tubercidin A3t FHell amidotransferase] feed-

back 37| zto] Fhojsli=rl & shelatual ok

e U

T 3 oHf
Aol AM8’E T Steptomyces tubercidicus
ATCC 255028 Eole] ftell 9Jato] 5 ade-

nine 8758 S. rwbercidicus 115 F5 (Yoo5-. 1986)
olewm. a5 #A AL WA (peptone-yeast
extrat-glucose broth; Wiliams2} Cross. 1971) ] A
F3kod 27CA A 72417k 21 vl oF & 3 Al 2] sl
A& #5319tk Amidotransferase & thef ol 7)
Asted, A AL w2 ol 4 =3 FAFAE 0.85%
(w/v) NaClgoog 2a1# A|-83F Eolto] 1ok
g+ amidotransferase 54 %] (glucose 8g. K-HOP,
1.5g, KHPo., 1.5g. MgSO; 7H.0 0.5g, FeSO, TH:0
0.005g, histidine 0.4g, thiamine 50 ug, adenine 0.03
g/Lyell A3k 24-28417F wiofsleich
Amidotransferase®| M T ZX™

Meyere} Switzer (1979)4 21’474] ZARE A8l
of estglon] HEukg 248 ohg3 e} A |
Hh8- glutamine 20 mM, MgCl, 2 mM. Tris 50 mM
(pH 80) PRPP 1.5 mMo] So9l+= &o] £15
ol & 200 W= =A she] 37Te A 20-30% Ha)
1%%% AIZIF 100TA A 13 FF Bk Al 29k
phosphate buffer 100 mM (pH 7.5), AcPyDPN 0.3
mM, glutamate dehydrogenase 10 Um[?} Eolole
golo] A (MRS ol 100 W Pl E 600 w7}
A 5te] 37T A 147} uk-S- 217015 363 anH/\
D. 78 &3 3l%ch. Amidotransferase 1 unit= 1%
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3kl 1 n moled glutamic acid& P44 A7+ &
aofog Apslom HAwAge) chala Heke
bovine serume albumine$ %4872 &ko] Brad-
ford (1976) 9] vl o7 ssle]c)
Amidotransferase2| M|

AR E Al 2] slod & washing buffer
A (Tris 50 mM, pH 80: MgCl. 10 mM) & A "3k
¥ 2-302] buffer A (Tris 50 mM. pH 8.0: MgCl,
10 mM: 2-mercaptomethanol 1% (v/v): AMP |
mM) ool dEtstod 2 Ab5 S wbx a2 S
;L} ,\;1_5”3}_1 OJM ]3}04 /\o q]% Zar J&ou =,

AH-g-3ted 0w, J_I— A p -2 2-4T ol 2] 2 3}o] A}
Protamine sulfate ®2]: 44 7} 25 galg)g A4
T A AL 2 9% 300 mlell protamine sul-
fate 2%(w/v) 8- 0.045 volume$ #}2]&] 7}s}ar 30
W oEek v sl E &gl de]sle] A5l 3
stodch. DEAE-cellulose chromatography: Prota-
mine sulfate 4-5%-& DEAE-cellulose column (2.5
X8 cm)ell AsHgE 005 M KClo] Eo19)3= buffer
B4 (Tris 50 mM. pH 80: S mM; AMP | mM)
60 m/Z M Mstr 7k 005 M3} m< M KClo] &
o121+ buffer B -2 120 m/¥ o 8 Ex )] & ”P
olx 239l o, ol bulfer B %QH% EIE SR =
E3hA17] AP R f-2 A2 ek Ammonium sulfate 5
2: DEAE-cellulose chromatogrphyol| 4] & 2284 o)
U FEES Fob A sulfate He]ako] 33-40%o 2] ]

1.

F-3kE}

FHES 1.5 m/2) buffer B-&-ololl %1% Sephadex
G-258 57A1A Al sulfate s A718kdch Gel per-

cation chromatography (GPC): Sephdex G-200
uolumn (22%80 cm)ell FHakol AL sulfate ¥4
’\1 A2 AR 2miE 2% HaR 3470 buffer
B g o3 && A7} Sulfopropyl sephadex chro-
matography: SP sephadex G-50-8 column (1.5X11
cm)ell FH3ked buffer C (Tris/Malate, pH 5.6:
MgCly 5 mM; AMP 1 mM: DTT 5 mM) & A4
33 GPC #+84 | m/g gof daz £34]7)
buffer C 4o 2 2&359)r}

2 lulo

Table 1. Furification of amidotransferase from the S. wbercidicus

Vol. Protein Tot. activity Sp. activity Yield X-fold

Fraction (m/) (mg/ml) (unit=n mol) (unit/mg) (") purification
min)

Crude ex.” 300 5.1 4980 325 (10M n
P. sulfate 306 3.0 4865 5.29 97 1.63
DEAE 80 1.45 3583 30.9 72 9.5
A. sulfate 2 5T 2513 2204 50.5 67.7
GPC 17 0.13 1974 893.2 39.6 285
S.P. 8 0.11

5295 9.4 163

“ From 100g (wet weight) of mycelium.



Vol 29 1997

20

o

AMIDOTRANSFERASE ACTIVITY (xIOUNIT/mI)
5
PROTEIN (<10 g /ml)

0 5 10 15

FRACTOIN NUMBER
g. 1. Jon exchange chromatography of amidotransfe-

rase on suffopropy! sephadex G-50.
(®: protein content, O: enzyme activity).

Fi

Widotranslerase

Fig. 2. SDS-polyacrylamide gel electrophoresis.
Gel composition: T=10%, C=2.7% M.W. size
marker; a: f-galactosidase (116,000), b: bovine
serum albumin (66,000), ¢: ovalbumin (45.000).
d: carbonic anhydrase (29.000).

Amidotransferase2| EMEA]

SDS-polyacrylamide geld7]°d%: Smith (1984)
o wpgo = gslglon, FagF FAA] B-galactosi-
dase (116,000). phosphorylse (97.400). bovine se-
rum albumin (66,000). ovalbumin (45.000), carbo-
nic anhydrase (29.000)& ¥FA|8& A-&3lgdch
GPCe) 93t Hx}leF =32 Column (1.3X78 cm).
4229 (Tris S0 mM pH 8.0; MgCl, 10 mM)<
Abg-8ke] S A A 9] GPC B2 Fef &gl o,

Glutarmine Phosphoribosylpyrophosphate Amidotransferase 99

10}
fr -mlucosidase ohosphorylase b (97400)
8 11160000
< 8 bawine serus albusin (86000) asidotransferase
°
3 $ ovalbain (45000)
G 4
w
=
«
a
) N
3 cabonic snhydrase (20000)
Lo
-
Q 2
! 0.2 [X) 06 08 [
RELATIVE MOBILITY (Ry¢)
Fig. 3. Molecular weight estimation of amidotransfe-

rase by 10% SDS-polyacrylamide gel electro-
phoresis.

Z+7F 1600 unit2d 380 unitE EFe= AA A
GPC #3189 (Table 1) RotA A4ARE AME-
slodth @Ael m)x= AbAe] ¢33k Tris buffer (50
mM, pH 7.4) & %3147 sephadex G-258 &3}A17)
HAAR 200 W AE ol Y W83t 77 A
9} AbAAAR FRAF 37CA X EE] FHA A
7h) @2 g4 BT 24 FH

Zn 9 @

Amidotransferase 22| MH|

odvl A& A3} S rwbercidicus 115 45+ opA AL
Foll ulsle] =& A A9 amidotranseferase ¥]
&4 (specific activity) o] 1.3-1.59] =3t7] wjfol ©]
39 gAaRelEAd Al4-3l¢ict. Amidotransferase
£ Tableldl] viebdzl 23 6 whA| o] A A4S 71A
Felglel=d, 2EA Q) SP-sephadex A3} bz
peake} &AFA peako] A8 SollE E3kaL
(Fig. 1. A 548l GPC #-&Eof A B} 549 H|
o) i 7rAasleled], o] SP-sephadexst3 9
82800 pH7} 5.628 wroba] HA AT B
7} oha 2343 g9y gEds 2% Aad
pHoll W& P E FAlo] 9J3le] ok gt (Fig.
6). o]AF wigAdA 2] Fiel = EFskaL SP-se-
phadex #3% &4-8§9L& SDS-polyacrylamide gel
A7) = (SDS-PAGE) o] A} w72 gl g
< #Falg 4= Aot (Fig 2).
Amidotransferase2| EA

F ekl Al g Alg-sle] SDS-PAGE®) s} 4k&
= o] Ao Fapske oF 58,0000]%]c} (Fig. 2.3).
Hel& A (native enzyme) 9] H2l=kS ZAAsH7] 9
slo] Ex (1,600 units) 9] &4F FHslsled GPC
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Fig. 4. M\W. estimation of amidotransferase by gei per-
meation chromatography on sephadex G-200.
Enzyme solutions contained 1600 unit (O) and
380 units (@) were loaded in 1 mi each. Arrow
indicate void volume.
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Fig. 5. /nactivation of amidotransferase activity by oxy-
gen.

Aol A AR o] A4 BafEke oF 230,000 o).
™, A% (380 units) 2] &8-S Alg3le] =25
FAEES 230,000-50.0000. %2yl cddo]l AxjA] v}
ebite) (Fig. 4). ©l2ig Z3k= Wong 5 (1980)¢)

B8t B subtilis©} amidotransferase 112 S, ruberci-
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AMIDOTRANSFERASE ACTIVITY (UNITS)

5 6 7 8 9

PH
6. Dependence of amidotransferse activity and
inhibition by AMP on pH. (& 5 mM AMP e:
nonej.
Standard assay conditions were used except
that the buffers were 50 mM Tris/Malate.

Fi

L3

Table 2. £ffects of metal ions on amidotranstferase

activity.

M(f;lariﬂl\z)?s % activity of amidotransferase
Mg*" (100)
Mn** 80
Co™~ 52
Fe' - 37
Ca"~ 26
Zn'" 20
Hg"* 0
Cu** 0
K™~ 0

Standard assay conditions were used except that the

buffer was 50 mM Tris/Malate, pH 7.0.

dicus*| | = amidotransferase”} %2 Z )Xo
= tetramer® &7 3}, * 5% o) A= monomer, di-
mer, tetramer2 43 AgEH Eafs)r] wio s
APRE o, o] RHE] o] F iy AE7bx MuE
oh2 Hmol| AT FApefe] FAg 4719 subunit®
T S 45 sl 7} subunite] Bxjeke
E. coli2] 57 OO()-L’];-L H] 33 6]-039_11‘1,3. subtilis 2] 50,000
Hohe oa 27198 o2 9l (Rowes, 1970;
Messenger$} Zalkin. 1979; Wong%, 1981). ¢] &4
 Aktel eEEE 608 Fof oF 80%2] o] 2l
b Ao ofstels 7o A EAle] ehlx
kot (Fig 5), ©)22E B subtilis human li-
vers (Itakura®l Holmes. 1979) ol 42} vlzlr}z] &
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Table 3. /nhibition of amidotransferase by purine & py-
rimidine derivatives.

% of control activity at

Inhibitor tested 2 mM 5 mM
adenine 108 86
adenosine 106 91
AMP 43 33
ADP 83 82
ATP 70 48
cyclic AMP 102 100
guanosine 101 90
GMP 65 62
GDP 61 59
GTP 73 44
inosine 101 87
IMP 98 86
UMP 99 99
XMP 99 82
CTP 99 105
histidine 105 97
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Fig. 7. Effect of PRPP conc. on inhibition of amidotran-
sferase by AMP. (@ 0.05 mM, a: 1.6 mM, R
4 mM, O: 10 mM).

S. tubercidicus®] amidotranseferase. A4 ol o 3s}o]
3] EAATE o L AAR A AAF
buffer §-1& AarpiR FIA|A Fo2u iy
o B8-S R sk of & ukg 2A
LELE 37-42T0) 3, pH 7.0-90 oA Ho) &4
S ¥l pH 70 o]3lel Mz AngdA o] §43]
743k} (Fig. 6). Lineweaver-Burk 3tol] 2]3}<]
AHEH o] A9] 714l PRPP ¥ glutamineol] ti&t
Kmzte zhzt 60 uM, 4.8 mMolgleh o] &Ae &

Glutamine Phosphoribosylpyrophosphate Amidotranstferase 101

100

80

60

40|

20

AMIDOTRANSFERASE ACTIVITY (% of UNINHBITED CONTROL)

mM AMP

Fig. 8. Effect of glutamine conc. (mM) on inhibition of
amidotransferase by AMP. (@: 5, a: 10, @: 20).

Sol& RFEE EAMDW], Table 29} o] 27} ool
o] AagA B elglon, 53] Mg* o] )
A8 B3FYo) =3 Mot Co™f, Fe™ ', Zn*"
Ex Jdse g FAo Fesigl ot Hg't, Cutt,
K "o A8 848 BT X33k Zn' "2 Mg
“rol mlsle] oF 20%2] AAFAE ehtA HFA
=d], o] B. subtilis B0 ZnTte] Mgttg df
A18}A) Zalodd B (Meyere} Switzer, 1979) &=
gt o vy pigeon liver £49 Z-$-oh= U3tk
(Buchnan, 1973).
Amidotransferase?| purine TS0l 2|8t Xal
Table 30l 4 213 t}eF3} purine =4 Eof| 23}
Ao A=l EHgEd, AMP7}F 5 mMellA < 70
%2 BagAe Asste g et A7 2A
o™ ATP, GTP, GDP, GMPE% 40-60% A=<
e A4S HedFgle) o)eld A= E. coli Ao
A AMP Xt} GMPel| ¢lsted oS 7hgh A s& W
o AP FE gk ow w3 B osubtilisEaol A viEr
W AMP 52] ADPS] 713t Adaze= 25 ¢
oot (Meyer®} Switzer, 1979). AMPS] 5434 #
s)53= pHell utebd Wsltse], pH 7.0-9.09 4=
A Q) A Ade] el ot pH 6.50]3) ol A=
A EAA7 A 2AES B dded (Fig 6),
o)¥ A3k= AMP7} GMP, XMP%9] fAFF-2E4
Soll Blste] BolsA o] A4S A A s}
Aw A (Table 3)3} 7, AMP7} o] 549 &
o E-¢lell A 7 a AL S slee] ofzh &
44%-9] (allosteric site) ol A33te] | EAE et
W7l dFoleg}t Atz E ) 71AFEe AMPY &4
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Fig. 9. Effect of Mg** conc. on inhibition of arriido-
transferase by AMP. (@ 1 mM, a. 2 mM, @.
5 mM).

A s ebe] AL Z AR vlel ofslw, PRPPE
57 7Vl uiel AMPe] Al ade s e
4 mM PRPP olike] Fxoid= AMPe 23k = 3|

AF7F 8 AA = antagonism A4S B 3l
glev} (Fig. 7). glutamine®] #-$-oll = 33 34

F

qe 2 glgiet (Fig 8). &450]2e Mg' ' & &
7} Z7V3kel wtel AMP2| A&7} FoiEted S mM
Mg"* A7 5 mM AMPol| &]8lo] &g Xl 90%
ol 2AlFEQPEd (Fig 9). cl2%¥ B sutilis* %
(Meyer$}t Switzer, 1979), S. tubercidicus®] amidot-
ransferase 7 $-o| & &40 &vj skt o}L{-Jr pu-
rine ribonucleotidel] 213+ S 484 Aol v

ol & Mg' & HFHYS 45 vk

olAke) S rubercidicus) 4] %213t amidotransfe-

X__-l

Streptomyces tubercidicus® /] glutamine phosphorlbosv]pyrophosphate amidotransferase S %2| JA sty S4ES 5
o) Ee] FAE oF 230,000 o]l o], Falg ¥
el =)l o, ATP. GTPel olstolm A sl E)ich. AMPel| o}k & 434

gstgith el

algltl. AMPo ¢lslod g 4gA]e 7}.21— AT

e &= 7)"al PRPP 537l ofste] Zasglom, Mg”
RE] S tubercidicusol A 2 AHE A QL
de novo purine ribonucleotide synthesis #212} 3 & 429l amidotransferase inhibition 7]}

A28 Al E 257 olgic). o] =
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