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Ycy Wti I&r--Ze0 mayx Grammcae; ma&; nuclcorde mctabollrm; 5’-nu&ot&sc. 

Abract---A 5’-nuckotidasc (EC 3.1.3.5) from Zcc moys sadling shoot microsomcs has been purihcd 125-fold IO 
apparent homogeneity. The enzyme is competitively inhibited by CAMP (K, = 5.2 PM) and is also inhibited by 
adenosine in a noncompetitive manner (K, < 57 @I). The inhibition by adcnosinc allowed us to distinguish the specific 
5’-nuckotidasc activity from that of nonspecific acid phosphatasc activity in crude tissue homogenates. When an assay 
based on that observation is used, about half of the total S’-nuckotidasc activity in a cnuk homogenate is estimated to 
be associated with the microsomal membranes. The microsomal enzyme has been solubilixd and puritkd. Estimates 
from gel filtration and from gel elactrophorcsis in sodium dodccylsulphatc suggest that the enzyme is composed of two 
subunits of M, 24 500 and 25 XM. The purifial enzyme is specific for nudcoside monophosphates, with the activity 
assayed with pnitrophcnyl phosphate, a- and jLglyarol phosphates and ribose-S-phosphmtc ranging from 0 to 3 Y0 of 
that with S-AMP. K, values for purine nuckotidcs are somewhat lower than for pyrimidinc nuckotidcs. Divaknt 
cations had no elfact on the enzyme activity. A possibk rok for the enzyme in nuckotide pool size regulation is 
dmxsscd. 

II’TILODU~ON 

S’-Nucko~idascs from animal cells have been impkicatal 
in a number of important cellular functions sti as 
transmembrane nuckotidc transport [l-3] and nude+ 
tide pool size regulation [4-73. The description of S’- 
nuckotidasc activities from higher plant sourrxs have 
ban very few despite the possibk imporuumx of this 
group of enzymes. Polya described S’-nuckotidasc ac- 
tivities from potato [g] ad wheat walling leaves [9] and 
suggested an involvement with a cyclic nuckotide rcgu- 
la~ory system. The regulation of cytokinin metabolism by 
a 5’-nuckotidasc from wheat germ has been suggested by 
Chcn and Kristopcit [IO]. Eastwell and Stumpf have 
shown the prm of a 5’-nuslcotidasc in the chloroplasts 
of Swiss chard [ 1 I]. 

In this report, we describe the purification and charac- 
terization of a 5’-nuckoudasc fromcorn cokoptik micro- 
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somcs and suggest a possibk rok for the enzyme in the 
regulation of the &nine nuckotide pool size. 

ResULTs 

Pujlicotion 9( S-nuclcoridase 

The S’-nuckotidasc activity in extracts ofcom seedlings 
was first noticed as an activity that rxxompankd a 
mkrosomal K l -ATPose until the final step of the ATF%sc 
preparation [ 121. Consequently, it was possibk to purify 
the nuckotidasc to apparent homogeneity with minor 
modifkations of the s&me used for tht K ‘-ATPax. 
Because of the large amounts of nonspazitic phosphatasc 
activity present in the sculling tissues, it was di5cult to 
determine Epacific S’-nuckotidasc activity present before 
chromatography on a Scphxryl S-ZOO column, at which 
point the last of the phosphatasc activity was resolved 
from the S’-nuckothksc activity. In estimation of the 
amount of S’-nuckotidase in the prcscnoc of nonsp&!k 
phosphaw advantage was taken of the fact that S- 

Table I. Punfiation of 5’-nudcoridue 

Isdation step 

5’-Nudaotidau Spcci6c 
Total Mivity (qd Pi/%) activity activity Fdd 

- dcnosine + 2 mM admosine ( pm01 Pihr) ( pool Pi/hr/a@ purihlion % m-may 

1465 supanaIM1 0 1412 1234 178 0.35 - 100 

l2oalg rupemaIAn1 1283 l(w7 236 0.57 1.6 131 

Mrrroumc suspension 418 3cm 110 0.17 2 61 

Detagenr uImxion 251 102 149 25 7 84 
Hayl wm 76 22 54 5.1 16 30 
Is1 .scptmyl s2al cohaln 30 5 25 29 81 14 

2nd Scphauyl S2al column 22 5 17 44 125 10 
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Tabk 2. 5’-Nudeottdasc subsrntc rpcct6n1y 

RcLaIive 
200 j&M subsrrPre nctivily K, values 

S-AMP la3 57.7 flhl 
S’GMP I16 57.1 /IM 
5’-CMP 46 333.3 JrM 
5’-UMP 71 200.0 rIbI 
5’-IMP 99 81.6jlM 
S’-ATP 0 
3’-AMP 20 
CAMP 18 
p_NIIropMnyl phospha~c 3 
Ribose-5-@ospluIe 0 
j%Glyard phosphate 1 
aGlycerol ptunphsIe 3 
Zeaun ribxide Y-phosphare I7 

Table 3. EITecI of inhrbiton on 5’-nwkotidase a~lwty 

9, of 

InhIbitor contrd* 

0.2 mM bchloropurine nbos& 37 

0.2 mM 6-mercaptopurinc riborde 91 

0 2 mM bpydimethylallylpurine ribosidc 64 

0.2 mM LinetIn ribosidc 64 

0.2 mM atknosme-S’-sulpha~e 79 

0.2 mM CAMP 24 

0.2 mM ATP 88 

0.2 mM adenounc 53 

2 mM adenosme 18 

2 mM &brcnnaadcnosinc 4 

2 mM 8Judoadenosinc 8 

*The hydrolysu of 200 pM 5’-AMP m the absawe of 

Inhibitors has been urad as the sludnrd of IOO”, of 
conIroL 

nuckotidasc is inhibIted by dcnosine (Tables 1 and 3), 
whcrcas nonspcci6c phosphalasc activity is not affccIcd 
(not shown). The S’-nuckotidasc activities shown in 
Tabk I are calculated from lhc diffcrcnccs in AMPasc 
activity in the prestnct and abscncc of 2 mM adcnosinc. 

In the 1465 g superttatan~. the hydrolysis of Y-AMP is 
inhibited co 12 “/. by 2 mM adcnosine. This is a measure of 
the hydrolysis by the S’-nuckotidasc. Presumably the 
ranaining 887; of the Y-AMP hydrolysis is due IO acid 
phosphatasc activity. Howcva, since the assay was pcr- 

formad at pH 6.8 (far from the optimal pH for an acid 
phosphatasc), this is probably a low cslimalc of the 
amount of&d pbosphatasc prcacnr In this sampk relative 
IO S’-nuckotidasc. This method of estimating S’-nucku- 
tidasc activity is subjccl lo large relative errors when the 
amount of phosphalasc is much greata than the amounl 
of 5’-nuckotidasc, but it has allowal us IO estimate the S’- 
nuckolidascxtivity during the puri6cation of the enzyme 
when other assay procedures were usclc~~. Overall, l25- 
fold purikation was achieved with 100, recovery of 
activity. 

Chorocteritorim oj the purifiad S’-nucleoridace 

From the position of elution of the S’-nuclcotidasc from 
acalibratcd fkphacryl S2OOcolumn, lhcapparcnt M, was 
cakulatcd IO bc 49 000 f 60C@ (Fig. 1). Howcva, when the 
purifial cnzymc was examined by SDSPAGE IWO bands 
appcarcd corresponding IO M,s of 24 500 and 25 500. 

According IO an estimate of the carbohydrate content 
of the cnzymc by the perioda~c-Schiff method of Mantle 
and Alkn [ 131. the enzyme contains 4O”b (w/w) 
carbohydrate. 

The results of the SDSPAGE of the S’-nuckotidasc 
preparation afla a second treatment on a !%phauyl S200 
column show the prcscna of IWO ba&. Although this 
indicates that there are two diRerent proteins present in 
the denalurcd 5’.nuckotidasc preparation, the sum of the 
cslimalal M+ of lhc IWO bands is very close IO the valw of 
49 Ooo f 6ooo for the native protein. This suggests that the 

FIR I. S@acryl S-200 column chrcnnarography ol5’-nucleoudase and K ‘-ATPax ~CWIUCS. A &ml sample of 

protan elu~al from Ibe buy1 agarose column was applied to the Scphacryl S200column (2.6 x 80 cm). elutal with 

WTcr D (see ExpcrimenraL) PI a Row rate of 0.77 mljmin J’-Nwko~tQsc (OL K ‘-ATPax (01 acid phosphatasc 
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purifkd 5’-nuckotidasc may tu composed of two subunits 
and has bccn purifkd to apparent homogaGty. 

This preparation of cnzymc was usal for the pro- 
duction of polyclonal antibodia. An Ouchtakmy dif- 
fusion plate using the anti-S’-nucboridue antiserum and 
the puritkd Y-nudcotidasc pot&r showed one procipitin 
line bctwccn the 5’-nuckotidasc wdl and tbc S’-nucko 
tidascanti.urum wdl, whik thae were no procipitin lines 
prcscnt bctwccn the S’-nu&oMasc and the prcimmunc 
strum wells. The pcacncc of one prccipitin lint gives 
further indication of the homogeneity of the S’-nudeo- 
tidasc preparation. 

Once the S’-nuckotidasc has been puritkd by the 
Scphauyl S2CKl chromatography, it may be stored at 
- 20” without apprcciabk toss of aquatic activity for a 
paiod of months. However, incubating tbc cnxymc for 
variable kngths of time at 37” before substrate sddition 
results in a dcchnc in the activity of the cnzymc. The 
prcscncc of 0.01 Y0 sucrose difauratc prevented the inacti- 
vation of the enzyme (not shown) and rcaultal in a linear 
time course of product production. !Gmilar results were 
obtained with bovine serum albumin or Zwittagcnt 3.12 
added to the cnzymc. The rate of the reaction is pro- 
portional to enzyme concentration ova a IfLfokl range of 
protein concentrations (0.05-0.5 &ml). 

A pH prohk cncompnming the maximum and mini- 
mum physiol? values found in the ptant cdl as 
established by ‘PNMR studies [ 141 is shown in Fig. 2. 
There is no clear optimal pH for the artyme., although it is 
inhibited in the higher pH range. The ranaitukr of the 
experiments rcportcd here wac done at pH 6.8. 

Substrate spPcijiciry 

K, values for the enzyme indkate stronger affinity for 
the purinc nuckoside monophosphates than for pyri- 
midine nuckotida (Tabk 2). The cytokinin derivative 
zeatin-5’-monophosphte is a rctativdy poor substrate. 
while the glycerol phosphates, ribosc-S-phosphate and p 
nitrophcnylphosphate, are virtually inrztive as substrata. 

EJdJ of uLwious inhibkors 

A saiu of substrate and product analogs wcrc testat 
with tht S’-nuckotidasc for their ability to inhibit the 
activity of the cnxytnc (-fabk 3). The phnt hormones 
zntin and kinctin did not gratly a&t the cnzymc. 
Adanoainc and CAMP wac among the most dfaztivc 
inhibitors tuted. cAMP actcd as a competitive inhibitor 
with a K, of 5.2 @I LI determined by pnrlysis ofrqlots of 
intercepts and slopes from the tineweaver-Burk plot 
[IS]. Adcnosinc inhibital the S’-nuckotidase in a non- 
competitive manner. A replot of the I/u intcrrqts vs 
adcnosine concentration yickls a concave upward curve. 
charrtcristic ofa steady-state random Uni-Bi mechanism 
[IS] from which onecannot extract an cxpct value for the 
K,; however, the Lincwava-Burk plot indicates that the 
inhibition constant for &nosinc is less than the K, for 
the substrate used (Y-AMP, K, = 57 @I). 

A number of divaknt cations were tested for their 
influence on the 5’-nuckotidasc. The enzyme is not 
affoztcd signihcantly by the prucncc of ICOJM MgCl,. 
MnCl,, CoCIS, CaCll, ZnsO.. FcSO. or NiSO,. 

Association ojthe S-nucleuMase with membranes 

S’-Nuckotidau activity bound to the mkrosomcs 
munts for co half of the total S’-nudcotidasc activity 
found in the corn shoot. This activity is not removal by 
washing the manbrancs with buffer A howcva, upon 
treatment with detergent and KCl, the previously LXWKI 

I ‘. 1” ’ 

Fig. 2. The pH prohlc of the punfrai Y-nuckoti&sc. Buffers 
usat: pH 5.6. 10mM MESusuduok; pH6.0-68. IOmM his- 

Fig. 3. 8ucrorc datsity grsdiau p&k of the 80000~ mrro- 

Tris HC1; pH 6.8.8.0, 10 mM HEPE!%iaudaxok. 
rowpzM.+oppuwi:(0)~~ou ooncmtntion; (0) A,%_ 

turbidity. Bottom pand: (0) spa& S’-nt&c&due actwiry. 
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activity, along with the major portion of the total 
membrane protein, becomes solubilized. Subjacting 
washad microsomal membranes to continuous sucrose 
density gradient centrifugation (Fig. 3) shows that the 
specific 5’-nuckotidase activity is distributed among all of 
the resolved membrane fractions. However. the major 
fraction of the activity is locetad in the region of the 
gradient thought to be associated with the tonoplast and 
the cndoplasmic reticulum membranes (1.08-1.13g/cc’) 
[l&19]. 

DlSCL’SSIOW 

The Y-nuckotidasc activity from corn cokoptile micro- 
somes has been purifial 12sfold from the crude cxtrsct. 
The low number associatal with the purifkation of the 5’- 
nuckotidasc to apparent homogeneity could be the result 
of IWO possibilities: (1) the activity of the crude homo- 
genate material has been ovcrcstimatal or (2) the activity 
of tbc puri!ial material has been undcrestimatal. A likely 
explanation for an underestimation of the puri!ial 
enzyme activity is that an activating factor, present in the 
crude homogenate, has been removed from the 5’-nucko- 
t&se during the purification scbanc. It is unckar what 
the actual situation is; however, the combination of a very 
low turnover number for the 5’-nuckotidasc (51 5)and the 
unlikely prospect that the 5’-nuclcotidasc comprises 0.8 Y0 
of the total protein in the all indicates that the ‘fold- 
purification’ of the enzyme is suspect. 

The 5’-nuckotidasc activity described here is a 
membrane-bound glycoprotcin, composed of two similar 
subunits, with a native M, of 49 000 for the whole enzyme. 
The enzyme is inhibital by nuckosidcs and spc&ically 
hydrolyses nuckosidc-5’-monopbosphates as substrates. 
The physical characteristics of the corn microsomal 5’- 
nuckotidasc are very similar to those described for the 5’- 
nuckotidasc found in potato [83 and wheat scailing 
kava[9],all having hfaofco50000and beingcomposal 
of two subunits. A comparison of the kinetics of the 
different enzymes shows that although there are simi- 
larities between than, the charadcristics of the enzyme 
vary from source to source All thra enzymes are 
noncompetitively inhibited by adenosinc, but the maize 
enzyme has at least an order of magnitude higher af6nity 
for adcnosine than do the other two enzymes. The 
substrate specificity of the thra enzymes also shows that 
they are quite similar with the exception that the potato 
and the wheat seedling leaf 5’-nuckotidasc preparations 
have very high pnitrophcnylphosphatasc @NPPasc) 
activity while the purified maize miuosomal 5’- 
nuckotidasc is essentially without pNPPax activity. This 
probably is due to a more effective removal of 
phosphatasc during purification of the ma& enzyme, 
rather than difference in specificities of the enzymes from 
diGrent plants. In regard to the subcellular location of the 
enzymes, the 5’-nuckotidasc from maize is tightly 
associatal with the miuosomal wmbrancs (Fig. 3), 
whereas the potato and wheat stalling leaf 5’- 
nuckotidascs as well as the chloroplast enzyme [ 1 I] seem 
to be solubk enzymes, ba& on the procedures usal to 
isolate them. 

Polya [8.9] has suggested that the 5’-nuckotidasc from 
potato and wheat seedling kava may be regulated by 
cyclic nuckotidcs. We also found 8 sign&ant competitive 
inhibition of the maizz 5’-nuckotidase by cAMP, with a 
K, of 5.2 PM. The concentration of CAMP found in awn 

colooptikr 1201 is c-4 lo- ’ M, thaefore a physiologic&y 
relevant regulation by cyclic nudeotidca is no( cxciuded. 
although it is more likdy that tbc inhibition is sim@y a 
case of intartion of the enzyme with a subtratc analog. 

A more obvious role for the enzyme is rcgulatioo of the 
level of oudcoride monophosp4ales in the cdl. It may be a 
key enzyme in determining wbctber a m&c&k mono- 
phosphuc is dcgrukd to a nuckoside and subequcntly 
to the respective base_ or repbospboryl8tal to di- or 
triphouphue. As shown by Saglio and Pr&t [21]. the 
dcpktion of energy so- (e.g. soluble sugars) and the 
consequent drop in the rcspiratiod rate of plant cells result 
inadropintbcuknincnuckotidepodsizeintbccdl,but 
the ratio of the high cnczgy nuckotidcs (ATPand ADP) to 
the total n&tide pool (AT’P, ADP, AMP) remains 
constant 1223. A similar &et of 2dcoxygl~ (2-DG) 
and ethioninc on corn root dcninc nt&otidc levels was 
reportalbylina&Hansoo[23].Tbedditionof 10mM 
2-DG resulted in a drop in ATP 4 ADP levels (47 pnd 
24 nmol/g frah weight, rupcctivdy) whereas the AMP 
levels inuepcad by only 8 nmol per g fresh weight. A 
mafhanism for these changer is to allow for tbc hydrolysis 
of the nt&oside monopborptutcs o&a Y-nuckotidasc 
action in coordinatioo with the drop of the high enagy 
nudcotida. This hypothesis might be tutal by inhibiting 
the 5’-nuckotidasc activity in iouct tissuca Our attempts 
to do so using &&loedmine and 8-bromoodcnosinc 
were unsucassful, but it may be possibk with another 
inhibitor. 

cx?ERlMENrAL. 

Zeu mop hybrid B73Ht x Mol7H1 wm obrriwd from the 
M.&ryIonseedCo,Ame&IAuIdW64Aaadwupnaoudy 
wpplial by Dr. chmba Mmtimos DcpmmaII of PluIt 
Rlklogy. weal Md send sdara lowr sme Unkrsiry. 

AmalA. 
All the UnItpounds Iutod m Iubur8ta for the uuymc were 

0btGmd frocll Sim with the aaption of oatin riboridc-Y- 
phorphte which yu rhc kind gift of Dr. C.-M. chch University 
of Wisconsin-puts& Kenot&. WI. All tbc inhibitors rated 
were dso from Sip wiIb Ibe acqtion duknosine which was 
obuinedfromCIJbiocbcmuvutbeZwittergent3,12&taptnt. 
Hayl ~0s~ wu ownad from Miles md the Scphxtyl S-w)0 
wufrc4IlPhmtmx& 

Prqnvotim ~microsowus. corn u&s wac $CtlIIiNIad 8128’ 
in the duk. After 3 &y& Ik ctidrtal choc& were rammed from 
the seedlinp rinsal with deionizal H1O. weighal md GUI into I- 
cm kngtk Typically. between SO md 1 SO g of shoot segments 
wac &kd to buffer A (0.25 M sucrm 1.2SmM MgCi,, 
1.25 mM EDTA pH 7.2 with Tris)rc 1 ratio of 4 ml/g sbootr All 
SubScqIKaII steps were performed AI 4’. 

The suspcnskm WLC hoaqcnized in J Pdytron hcmogcnk 
(Brinknmn) for 30 ICE M setting 4 fdlowod by 60 ssc at wttinp 6. 
Pdyvinylpyrrdidmc (0.25 g/g fr. wt of shoots) wu ddod ml 
mixal thaoughly. The mixture was them 6ltaal through four 
Lycrs of chaoacloth to remove I& bulk of th bbrou material 
before centrifugltion. 

The liltnte wm antrirupad aI 14650 for 1Omin. the pclkt 
dkuxkd,mdthcsupematmtantrifugcdrt 12OOO~foc2Omin 
wtth the raulting pellet @II being diamrdal. The 12C00 g 
rupcmmnt wm centrifuged at 8OooOg for 90 min to pellet the 
mimmma.Thirpdktwurcrurpcndsd in butTa A (0.1 ml/g 
rhootr)udthenrcQdlctsdrt80000efor90min.Thcwuhed 
pdktwur1xquhdinltnlbufferAper7prhoots. 

Enzpe pwi,kaia. Zwittergatt 3.12 and KCl were added to 
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pin:~cowoC1%mdIM,nrp.ATtaIOmto~lZ(P,t& 
urqKnrionwasantliftigal~t8Oooogfor9OminMdthe 
IupcrrutMt Pval. The 2wittcr@cnt ati yu dia+d 6hr 
m buss A. then ov-I @net b&es B (0.25M 
N&IO.. I .25 mM MgCl,. I35 mM @DlA pH 8 with frt@ The 
didysis dentate yu applied IO a hayl wore column (1.6 
X30cm)aqUilib8IadpmiourtrwiIhbullaRlbeffJumnwrr 

then dutcd with 50 ml b&r 8. The S’-nudootidsac was ret&cd 
~thtcolumnduringchirdutionbut~dutod~tr~(ilt 
amen (80ati of buffer c: 2 M IrLcIo, l25mM MgCI,, 
I.25 mM EDTA pH 8 with Tris). 

Tbc S’-nwkotidasc peak from the tbtxyl8guoK c0lutnn was 
concd to ca 4 ml by using Aqua&de II-A (Glbiocbcm. Tbc 
enzyme conantnte m didyaal @nst buUcr D (l M N&l, 
1.25 mM MgCl,, I.25 mM EDTA pH 8 with TrisX that applied 
to 1 %phxzyl !&MO column (26 x 8Ocm) bqttilibrmtcd with 
bu&r 0. 

The peak of y-nudeotiduc rtivity dutcd txtwatt the rtivity 
rrksofMscid~~udrK’-A~w,t~tt&poded 
s’-nuc~cotidsic fractions were anruminuai by the other two 
enzymes. The pc&d S’-nudeotibuc frrciont were rcuman- 
trated with Aqwcidt 11-A md rnppliad to tbc Scp&cryl S-2OO 
column. The S’-nudcociduc pool obuiaod fran the cccond 
Sephuxyl column tmtmcnt vu esacntidly fra of K’-ATRK 
and uid phosphatAse rtivity. 

Sodium dafecyWphae+ipac~yb & c&cnophwesfs 
(SDS-PAGE). A portion of the 5’-auckotiduc &r tl~ aaxnd 
sqpbrryl S2OO column was prcpucd for SDS-PAGE by 
precipitation with 5% trxhlorouxtk rid (TCA) sod wuhai 
with cold EIOH. Shb @ of urylunkk (3% rudring, 10% 
separating) were prtpucd rwrding 10 the trbcthod dcxribcd in 
ref. [24]. 

AR&&~ methods. Protein wu daamiDod by UriEy tbc TCA 
pccipiution modi6ation of rdr [q or (131. Tbc unount of 
arbohydntc ucochtcd with the s’-nudaaidur m atimstal 
by using the paiodic x&S&ii reuxion dsribai in rd. 126). 
Thcphorphteuny[27)wasu8aJ tomaIurcthcMi*ityoftbc 
S’-nuclcot~ in the purifjcation acbcmc up to the bayl war+ 
wp. AfIef chroam1ogmphy al the batyl wou cotumI& the 
enzyme vu uycd by 1 modi6mtion oftbe pborphte uny of 
rd. [28],devdopcd in this kmlory [29]. This muhod k&out 
IO-fold more rcnsitivc tbur the Fisk&ubb&ow atuhod. 

Enzyme assay cadirbnr Tbe uuy for th S’-auckui&a 
oonllinad IO mM his-Tric djustai IO pH 68 with HCI, 0.01% 
urrosc dtirats 0.Oti.H)~ auymc protein ud Zoo@4 5’- 
AMP unkss othuwisc sutal. All utryl wue incubtai for 
periods of 1 hr or kss II 37” in & totd vd. of I ml. 

The pgty for the K ‘-AIRU conrrinod IO mM HEPES 
adjusted to pH 7.5 with im&zok, 2Oa BSA, f 25O mM KCI 
andlmMS’-AT1”.Thcauymcwuuuyadrt37”forlhroc~ 
in a total vd. of l ml. The rtivity reported 0 the incxmcnt due to 
the addition of KCL The ssuy for the xid pho+hn~ra 
conUinedlOmMMESdjurtedtopHS.SwitbT~ud~pM 
pnitrophmylphosphrte. The cruyatc VII upycd at 37” for 
3OminorlastnatoulvoLofIml. 

Surrose density gradim cenarif~iar The 8OOOOg km. 
~pellavPsraurptndadin2raloC0.2SMa*lme.lmM 
Trir pH 7.2 with MES. Tbn suspu&on w llcmtal on 8 iincu 
(20_500,,w~)wnooe~inrt.+hirOndientwrranaifuOsdin 
rSW27roIorat Il284O~for2brunderrdow~tjonm& 
in a &rl;ataJl L-8 ul1rrccn1rifugc. The gr8dwnt vu fmctioMlaJ 
by puncturing the bottom of the tube ud cdlaxb dtop 

m L&tic parsers for the y-n- were detamiacd 
by using the OMNITAB coatputcr progrua of rd. [3OJ. 

Pofyrkma/ rmribadies wae pfcducad rpintt tbc purirrsd Y- 
nudcotidw in New ZaLnd white nbbitr acuxdin~ IO rbe 

fm &al&. Four hundred as of puri8al5’- 
nuckotiduc wu injasai u in emu&on with Fmtnds’ca~pkte 
djuvutf sttlxutenrs&y in tbe brt of the r&bit. After one 
months booster injrction of 200 * of ~-nuck!otidnc (in 0.99% 
N&l, Ql M HEPES rdjwtui to pH 7.4 with imiduok) w1 
injoaal in tbc cu vein. Nine dry following the booucr injaz&on, 
the r&&t yu bkd utd taaal for the pruencz of J’-nucleaiduc 
urtibodis Tbc spcc&c+ty of tlu r&bit ~Iiscrum yu de- 
termined using an Ouchtcrlony doubk difituion test. The 
pwitkd S’-nudcotiduc yu tested rgatnst the immune md the 
prcimmune nbbit rcrum. 

Ae&towlnlgmrtr-Jo Rpr No. J-11374 of the Iowr 
Agriculture ud Hoax Econmnics Expaiment Sution. Pro@ 
No. 2560. 
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