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Abstract-- The plasma membrane and mitochondrial fractions Isolated from a homogenate of maize roots by 
differential ccntrifugation and discontinuous sucrose density gradrent centrifugation were characterized by means of 
marker enzymes. Nuclcasc activity was noted in both fractions. The enzyme from the plasma membrane fraction was 
isolated and identified as nuckax I. 

The occur~cnce of dcoxyribonuckasc activity in the 
plasma membranes of maize roots has been reported [ 11. 
The fact that the estimation of enzyme activity was made 
using whok. unhomogenized maize roots immersed in a 
medium containing the substrate showed that the enzyme 
was rckascd from the root cells into the medium. Wilson 
[2-S] found on ditTerential ccntrifugation of a root 
homogenate in sucrose that about 75 % of the nuckolytic 
activity precipitated in the loo00 g fraction (‘mitochon- 
dria’) and about 14% precipitated in the 104ooO g 
fraction (‘microsomes’) [2]. 

The plasma membrane and mitochondria of corn root 
cells have ban isolated by differential antrifugation 
followed by discontinuous sucrose density gradient ccn- 
trifugation [6]. The 13 000 g (mitochondria) and 13 000 g 
to 8oooOg (plasma membrane) pellets from the same 
homogenate were centrifuged in non-linear sucrose den- 
sity gradients [6]. The isolated fractions were character- 
ized on the basis of the following criteria: (a) increase of 
K ‘-stimulated, Mg’ ’ dependent ATPase activity at 
pH 6.5 in the plasma membrane as compared with 
mitochondrial ATPa.se activity at pH 6.5: (b) lower cyto- 
chrome c oxidase activity of the plasma membrane as 
compared with that of mitochondria. More recently. 
Gallagher and Leonard [7] have pointed out that the 
plasma membrane ATPase activity can be distinguished 
by its sensitivity to vanadate and its insensitivity IO 
molybdatc or azidc. 

In the present study the plasma rncmbrane- and 
mitochondrra-rich fractions were isolatai from ma& 
roots and characterized using the above criteria. 

Particular attention was paid IO the ~~~urrencc of nuc- 
kolytic activity in thest two fractions. 

RESULTS 

To obtain the characteristics of isolated fractions of the 
plasma membrane and mitochondria, and IO calculate the 
degreeofthcir mutualcrosscontamination. tbcactivityof 
ATPasc at pH 6.5, the efTcct of inhibitors of ATPase, as 
well as the activity ofcytochromc c oxidasc, were estimated 
(Tabk 1). In addition, the alkaline phosphodiatcrase 
activity in these two fractions was also measured. The data 
presented in Tabk 1 show that at pH 6.5, the ATPase 
activity of the plasma membrane fraction was about twice 
as high as that of the mitochondrial fraction. AI pH 6.5. 
the ATPase activity of the plasma membrane fraction was 
inhibited 37% by 225 /1h4 vanadatc and 77; by 0.1 mM 
azidc whik 0.1 mM molybdate was without effect. The 
pH 65ATPase of mitochondria was sensitive to vanadate 
(17 % inhibition). The latter ctTcc~ was presumably due to 
contamination of the mitcchondrial fraction with plasma 
membrane ATPast activity. 

The activity of the mitochondrial marker enzyme. 
cytochrome c oxidasc. in the plasma membrane fraction 
constituted 46% of the activity found in the mitochon- 
drial fraction. This showed that the plasma membrane 
fraction wascontaminated with mitochondria. The results 
prcscntcd in Tabk I show that the plasma membrane and 
mitochondrial fractions were free from the alkaline 
phosphodicstcrasc activity present in the homogenate. 
There was no cxonuckolytk irtivity towards thymidine- 
5’-pnitrophenyl-P. It was assumed that in the fractions 

Table 1. Acovc~ies of the marker enzymes in rhe P~ESIXU membrane and mitochondria from corn root cells 
-. ---. ..-.- - 

K ’ -stlmulatal ATPasc @tt 6.5) 
Cytochrome c Alkaline -_ -- -- .- --. .- - 

OX&SC Phorpb- Control Vanadatc Molybdatc Azldc 
@rnol! dicNcriuc (rmol - - - - 

Frxtlon mumIn) (uniulmp) Pi/mg/br) InhIbItion ( %) 
- _. ,_- - .-.. .- -- - --. _- -. - -.. 

Ptasma membrane 1.6 0 1.9 37 2 7 
MlIocbondria 3.5 0 0.8 11 I5 25 
-..-_- -- 
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investigated. contamination by solubk cytosolk proteins 
did not occur. The DNAasc activity of various fractions of 
corn cells is presented in Tabk 2. It is apparent that the 
DNAase activity of the plasma membrane and that of 
mitochondria accounted for 4.5 and 43.3 “/, respectively. 
of the overall DNAasc activity found in the homogenate. 
Since the DNAase activity measured for a given fraction in 
consecutive experiments scarcely variai. if at all, it may be 
suggested that DNAase activity is bound to the particles 
and is not derived from the solubk fraction. The total 
DNAase activity of the mitochondria was found to be ten 
times higher than that of the plasma membrane, whik the 
specific activity of the enzyme was highest in the latter 
fraction. The data (Table 2) reveal that the specific activity 
of DNAasc of the plasma membrane was very much 
higher than that of the homogenate and supcrnatant after 
centrifugation at 80000~. These results suggest, therc- 
fore, that DNAase activity is not a result of adsorption on 
the membranes of the solubk fraction. 

As can be seen from Table 3. the specific activity of 
nuckasc in the plasma membrane fraction was higher 
than that of the mitochondrial fraction. 

The ratio of DNAase to RNAase activity, estimated at 
pH 6.2, in the homogenate was 0.95 and that associated 
with the membranes was 0.62 (Tabk 3). ‘Ihis again 
suggests that nuckasc activity is not the result of enzyme 
adsorption on the membrane in the course of 
homogenitation. 

Plasma membrane nt&a.u revealed two peaks of 
enzyme activity dependent on pH: at pH 5.5 and pH 7.4 
(not shown). The question arises whether two peaks of 
nuckolytk activity are related to the same enzyme or to 
two different ones. The enzymes were extracted from the 
plasma membranes using 0.5 M potassium chloride. 
Isolation of theenzymes was carried out on a Stphadex G- 
75 column and by chromatofocusing. The results are 
presented in Table 4. The nuckolytk activity from the 

Scphadex G-75 column was applied to a gel PBE 94 
column from which two peaks of enzyme activity were 
tlutcd: the first was elutcd at pH 6.5 and the second at 
pH 5.2. The properties of the enzyme clutcd from the 
second peak were studied. As shown in Table4. the 
nuckolytic activity towards RNA increased six-fold in the 
course of the isolation procedure. The enzyme hydrolyscd 
singk-stranded DNA I.5 times faster than native double- 
stranded DNA. The effect of pH on nuckasc activity was 
studied. and a pH optimum of 6.2 for enzymatic hydro- 
lysis of both the denatured DNA as well as RNA was 
determined (not shown). 

Treatment of the products of plasma membrane 
nuckase digestion of RNA and denatured DNA with 
either snake venom phosphodiatcrasc or spleen 
phosphodicstcrasc resulted in more extensive degradation 
in the case of venom phosphodiestcrasc treatment. This 
indicates that the plasma membrane nuckasc degrades 
DNA and RNA chains to 3’-OH and 5’-phosphate 
terminated fragments. 

The endonuckolytic action of the enzyme is indicated 
by the fact that the n&case did not show cxonuckolytlc 
activity against thymidinc-S’-p-nitropheoyl phosphate 
(Tabk I). In Table 5 the relative activity of nuckasc 
towards various nucleic acids and polynuckotidcs, 
measured by formation of acid-solubk products, is 
shown. Nuclcasc hydrolysed preferentially Esclvrichia 
co/i rRNA and highly polymerized wheat germ RNA. The 
commonly used substrate of maize nuckasc I-solubk 
[RNA from yeast was hydrolyscd more slowly. The 
enzyme hydrolyscd single-stranded DNA from calf 

thymus, synthetic doubk-stranded compkx 
poly(A)-poly(lJ), single-stranded compkx poly(Gk(U) 
and native double-stranded DNA. Of a number of 
synthetic ribohomopolymers tested, poly(U) and then 
poly(A) and poly(C) were most rapidly hydrolysed by 
nuckasc. whereas @y(G) was slightly hydrolysed. 

Tabk 2 I)lstnburion of DNAaac activity in various fracllons from corn root cclts. The activity was 
mcasud wrlh [2-“C-rh@ru]DNA [IS] 

-. 

Fraction 

Total 
protein 

(mg) 

!SpC!CifiC 

activity 
@all X IO”: 
mg protein) 

Totnl 
activity 

(%) 

Homogcnarc 16 I .42 100 
1000 prsclpitate 4 1.3 5.65 32.3 
13 000 prazipitatc ‘nutochondria 0 4.5 2.19 43.3 
Discontinuous sucmsc gradient ‘plasma membrane’ 0.35 2.91 4.5 
8OooO supematant solurion Q 8.2 0.54 19.4 

Tabk 3. Nuckolytic ruviry of homogenate. plasma membrane and mitochondria of 
corn root c& masurcd at pH 6.2. Nuckolytic activities were dctcrmiacd spectropb 

romcrrkally [ 13. 141 

Spccihc activity (units/mg protein) 
-..-. .-- -- DNAasc: RNAasc 

Fraction Dcnarurcd DNA Native DNA RNA ratio 
_ _ __ _ -_ -. .-._. .--. .- -- .- 

Homogcnale 18.0 17.2 18.1 0.95 
Plasma mcmbm 70.0 38.0 61.0 0.62 
Mitochondria 43.0 19.0 23.0 0.82 
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Tabk 4. lsohon of nuckasc I from plasma membrane of corn roots 

speciric activity (units/nip proIan) 
-. -_.- --..-.. -. 

DNAue 
-...-. -...- 

T-1 Singk- Doubk- 
Fmtwn prolein strandfd srratukd 

Fraction No. tw) RNAasc DNA DNA 
.-.. _- .- -- -. _- .- .-. .-. .-- _.- .- 

Extract of plasma membrane 10.2 36.2 420 23.0 
Sephitdex G-75 >5 4.0 66.0 32.0 18.0 
Gl PEE 94 

Peak I 17-20 1.5 13.6 10.6 7.5 
Peak II 4s-46 I I 221.8 158 I 92.7 

- 
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Table 5. Spscitk~ty of nuckasc I isolated from 
plasma membrane of oorn roots 

Specific 
activity 

(units/mg 
substrate protein) 

- - - _- - - --. _ 

E. co11 rRNA 3c% 
Wheat germ RNA 303 
Yeas1 [RNA 221 
Calf thymus singk-stranded DNA IS8 
P0ly( U) 14s 

Compkx poly(AF polylUl I09 
Compkx poly(G): (L) 98 
Calf thymus doubk-stranded DNA 92 

Pofyt A) 56 

POlYKJ 52 
PolyldCl 50 

PolytG1 5 
-.--.- - 

Deoxyribohomopolymer such as poly(dC) was also di- 
gested. It may he concluded. therefore. that the in- 
vatigatcd nuckasc may digest almost all tested nuckic 
acids and synthetic polymers of nuckotides. 

According to Wilson [4], nuckasc I is located in the 
nuckus. mitochondrta. spherosomes, endoplasmic re- 
ticulum and vacuoles of corn root cells. Moreover. ttu 
occurrena of nuckolytic activity associa~cd (at pH 6.5) 
with ribosomcs. isolated from corn root alb. has ban 
described by Hsiao [8]. The observation by Chang and 
Bandurski [I] that dcoxyribonuckztsc activity might be 
located in plasma membranes of corn root ails is 
supported by the results obtained in the present work. 

The data presented in this paper indicate thaw nuclcasc 
IS bound IO the plasma membrane in cicv. and is not 
associated with this membrane as a result of its adsorption 
onto the membranes during homogenization. Thus. the 
enzyme cannot be removed from the plasma membrane 
fraction by repeated differential antrifugation or by 
sedimentation through the sucrose gradient used in this 
work. The DNAasc activity associated with the plasma 
membranes constitutes 4.5 “6 of the total DNAasc activity 

of the homogenate under the experimental conditions 
described. This value was rcpcatabk for suazssivc prc- 
parations. The ratio of DNAase IO RNAasc activity in the 
homogenate was 0.95 whereas that associated with the 
membrane was 0.62. The alkaline phosphodicstaasc 
activity which occurs in solubk form in the homogenate 
was not found in the isolated plasma membrane fraction. 
The specific activity of nuckasc in the plasma membrane 
fraction was higher than that of the homogenate. 

The results of the present study indicate that the 
enzyme rcsponsibk for nuckolytic activity and isolated 
from the plasma membrane of corn rools is nuckasc I. 
The following data on the characteristics of the isolated 
enzyme support this fact: optimum enzyme activity at 
pH 6.2, lack of spcciticity towards the sugar residue in the 
hydrolyscd compound, preference of enzyme for singk- 
stranded DNA, products of enzyme activity are character- 
istic of nuclcasc 1. and finally, the cndonuckolylk mode of 
action of the enzyme. The foregoing features of the 
enzyme are consonant with those described by Wilson for 
nuckau I isolated from maize root [2]. Wilson isolated 
nuclcasc I from particks of a corn root homogenate and 
pointed out that the fraction precipitated during antrifu- 
gation of corn roots homogenates at IOOOO g is the best 
marerial for isolation of nuckasc I [24]. However, the 
observed variability of nuckolytic activity distribution 
within the s&cellular and soluble fractions is attributable 
IO the media used for homogcnlurlion of corn roots [2]. 

The contamination of the plasma membrane fraction 
with mitochondria had IO be clarified in the present 
investigation since nucleolytic activity. which is known IO 
occur in mitochondria [Z]. has been found m both 
fractions. According IO Leonard and VanDerWoude, the 
ccntrifugation of maize root homogenates at 13000 g 
isolates the mitochondrial fraction in 90>; yield [6]. 
However, there is a certain crosscontamination between 
the mitochondrial and plasma membrane fractions [6]. 
Cytochrome c oxidasc activity in the plasma membrane 
fraction reached about 7.3>; of that found in the mito- 
chondrial fraction [6]. In the present study, cytochrome c 
oxidase activity in the plasma membrane fraction reached 
about 45% of that found in the mitochondrial fraction. 
The idcntif%zation of the isolated fractions in the present 
investigation was done mainly by means of measurement 
of vanadate-sensitive ATPasc activity in the plasma 
membrane fraction as well as by the occurrence of a high 
kvcl ofcytochromec oxidascactivity in the mitochondrial 
fraction. The nuckasc activity found in the plasma 
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membrane cannot originate only from contamination by 
mitochondria since the specific activity of nuckasc was 
higher in the former fraction than in the latter. Nuckolytic 
enzyme5 have so far been investigated in higher plants 
mainly in cell organelks in which synthesis and processing 
of DNA and RNA occur, i.e. nucki, mitochondria or 
plastids. Raxntly. however, some authors have suggested 
that nuckolytic cnzymcs can LK bound to membranes 121. 
The latter localization of nuckases might be of physio- 
logical importance for storage of the enzyme and its 
rekasc at the appropriate time. 

EXPF.RIME%-TAL 

Plants. Corn std.5 (Zto muys L var. 72) were supplial by Ihe 
Planr Breeding SIaIion (Kobimycc. Poland) The seaix were 
soaked for 12 hr. then germinaled for 48 hr m thedark al 26” and 
the rooIs harvested. 

Reqttus. Highly polymcrued wheat germ RNA wax ob~ainai 
from Calbiochem. Calf Ihymus DNA Iype 1. rRNA from 

Y=sI Iype X, sucrose grsde II. ATP. Poly(G): (U) 
(polyguanybc~ uridilbc acid) and Ihymidme 5’-p01Irophenyl 
phoaphaIe were purchased from Sigma rRNA from E. coli wax 
purchased from BDH Chcmkals. Poly(A). Poly(U), Poly(C). 

POlY(G). Poly(dQ POlY(G) and Poly(A : Poly U) 
(polyadcnylatc : polyuridylau) were punAused from Miks. 
Snake venom pbospbodicstcrase and @en pbosphodkataaac 
were producIs of Wonhingtoo Biocbcm. Gel PBE’“94 for 
chromatofocuxing and Scph&x G-75 were purchasal from 
Pharmscla Fine Chanicab. PolybutTer TM 74 wax a gift from 
PharmacS Cylochromc c from porcine hart md vanadium 
pentoxrde were from PPH (Poland). [2-“C-Thymine]DNA from 
E:. co11 (I.21 MBQ/mg) wax oblnmcd from the InsIlIute for 
Research ProducIion and ApphcaIion of Radioisotopes. 

Prague. Crshodovakla. 
Isolafum ojmicochondria Md plasm0 mmrbrane. Tbc roou were 

rmscd and then homogenized with 0.25 M sucrosc~.oOl M 
Tns-MES buffer. pH 7.2. in a mortar. The honmgcnarc was 
filtered through cheaacloth and cznrrifugcd aI 1000 0 for IO mm 
and at 13ooO 4 for 20 min. The resulting supcrnaIao1 wax 
colkclal and amtnfugcd a1 8OooO g for Xl mm. Isolation of the 
plasma membrane and mitnchondria by means of a non-IinePr 
sucrose gradient was performed according IO the method of ref. 
[6]. The pclko from Ihc I3 Ooo g and 80000 e centnfugations 
were suxpendul in 0.25 M sucrosc,O.oOl M Tris-MES buffer. 
pH 7.2. and layered onto 36 ml gradicnrs conwIrog of 28 ml 45 % 
and 8ml 34:; sucrose in 0.001 M Tris-MES, pH 7.2. The 
gradimIs wereccnIrifugcd for 2 hr aI 82 500 gin a Beckman SW- 
27 roIor. ‘Ihe pluma membrane or miIochondna were colkcled 
from the loIcrf= and used for further cxpu. 

Acmry oj rhc mm&e mrymes. ATPav actinly wax meuurtd 
ecmrding IO the method of ref. [9]. The incubation mixlure 
conlainal 3 mM ATP-Tris form. 3 mM MgSO.. 3OmM 
Tns-YES (pH 6.5). 5OmM KCI and the membrane or rmto- 
chondna preparation m a final vol. of I ml. The final concns of 
mhibiIon m rbe mcubaclon nuxture were as follows: 225rM 
vanadate. 0.1 mM molybdate. 0.1 mM aube. The Pi rekaxcd 
dunng incubaclon was estimated acsordmg IO the mcIhod 
described In ref. [IO]. 

Cytofhromc c oxidaxe activity was assayed as dcxcribal in ref. 
[I I] by measuring the oxidation of red& cytochromc c al 
550 nm. 

Alkahne phosphodiaterasc ussy was performed aozordmg IO 
the melhod derribcd In ref. (121. Acnv~ty against Ihymidinc-5’- 
pniuophosphaIe was assayed by incubation of ~hc substrate 
(5 mM) m 0.1 ml 0.1 M Tris-HCl bulTer, pH 7.5, with tbc 

approprutc amount of mxymc preparation aI 37”. One uniI of 
alkaline p&phodiuIcraxc MiviIy ix d&Dad as the amount of 
enzyme which hberata I rmol pnitrophenol from Ihymidinc J’- 
p-0IIrophosphare io I5 min under Ibcsc coadlIlons. 

N~kolyric ocriciry dc~erminorirm. RNAaac and DNAasc ac- 
Iivicia were dacrmined according to the methods ducribcd in 
rcfx. [13,14]. The absorbance of the and-solubk nucleotida 
reM from the ouckk acti by the cnxyma were mcaxurcd at 
260 om For eithn enzyme. one uniI of activiIy is ddocd ax the 
amouo~ of cnxy-mc which, uDda the condittio of rary l fIer I hr 
iaubrtion. lads IO an incrcuc by 0. I at AE - 260 nm. Sp. ac1. is 
expressed m uniIx/mg prorein. 

Hydrolysis of [2-‘V_-rhymine]DNA from E. co/i wax ex- 
armned ax drscribcd IO ref. [ 151. The nrtion mixlure conuinal 
22 ml dare buffer (pH 6.2). cnxym mrioo and radIoT- 
Iivc DNA (I 5 OC@ cpm). AfIcr mcubaIion at 37”. the rmxlurc was 
cooled and IO rg of calf Ihymus DNA was added. IO0 ~1 of this 
muIure was applied IO a Whatmao glass microfibre paper (GF-C 
611a). dried and acd-insoluble DNA pracipi~atcd by immcrxlog 
the filrcr in I5 “/. trichloroscetr acid a1 4”. The fibers were washed 
Iwia MIh EtOH and once with EI,O and counted m a bquid 
xcintillatioo counIcr using PPO POPOP-toluenc scmIilhtion 
liquid. 

Hydrolysis of ribo- and dcoxynbohomopolymcn and IheIr 
compkxa was carried out according to the mcIhod of ref. [ 161. 
The following modifialioo was InIroduccd: the rtsftion wax 
ramina~cd by addilion of I2 ye HClO, in 20 mM hnIhanum 
ace~atc. The termhi prod& by sciuioo of DNA and RNA by 
corn rooI pksmx membrane ouckasc were analysed aczordlog IO 
the method dacdxd in ref. [ 171. 

Protein was dcIcrm&d by rhc mehods of refs. [l8. 191. 
Exlracrwn ojproreins. The plprmr mcmbraoa were lncUbnIcd 

in 0.5 M KCl:Q.OS M Tns-HCl. pH 7.4, for I8 hr at 4’. ‘Ihe 
plaxnu membranes were remnvcd by antnfuptkn at SOOOO g 
and the supcrnmtant was dialyxcd against Tns-HCI buffer. 
pH 7.4. 

Sephdrx G-75 chremarogaphy. The proteins ex~rac~cd from 
the plasma membrane were appbcd onto a Scphadex G-75 
column (I.5 x I2 cm) whwh had been previously cqutlibratcd 
with 0.05 M Tri+ HCI bulTcr. pH 7.4. EluIion of proreins was 
carried OUI ruing the same bulTer. 2 ml fracuons were collaacd 
and tir fi (280 nm) was maxural. The most oc11w fmclmns in 
rbc activity peak (Nox 3-5) were pooled and used for the nexI step 
of the uuymc aolatioo procedure. 

&pm&m O/ porttnr by chroma~oJ~~wvrg. The fractions 
comaming nuclew wIiviIy were applied onto a column (I 
x 9 cm) of PBE 94 gel (anion exchanger. Pharmecis). cquilib- 
rated with 0.025 M imdazok buffer. pH 7.5. ScparaIcon of the 
proreins wru carned OUI m a gradicnI produced by 0.025 M 
slarting buliw lmldptok HCl, pH 7.5, and eluIina buffer 
0.0075 mmol;pH unn/ml: polybutTcr 74 + HCI. pH 4.0. These 
two bulkrs were gradurJly mIxed in ~hc mixmg chamber of a 
gradicnr m&r (MSE CaI. No. 36657). Fractions of 2 ml were 
colk.c~al and the activiries of RNAncc and DNAuc cstimatcd. 
Proreins were dcermmcd by measuring tbc abrption aI AL 
(2X&O nm) and by the mcrhods dcxcnbocl in ref. [ 191. 

RCF?XENcFs 

I. Cbang, Ch. W. and Bandurxki. R. S. (1964) P/MI Physid 39. 

60. 
2. WI~OOS C. M. (1982) Curr. Top. Bid. Med. Rex 6 33. 
3. w~bon. C. M. (1968) Plonr Phydol. 43. 1332. 
4. Wilson, C. M. (1968) Plonk Phydd. 43. 1339. 
5. Wilsoo. C. M. (1971) P&ant Phydd. 48.64. 



Membranebound nuskolyttc amvity of corn root rolls 63 

6. Leonard, R. T. and VanDcrWoude, W. J. (1976) P/am 

Physiol. 57. 105. 
7. Gallagher. S. R. and lmtmrd, T. R. (1982) Planr Physid. 70, 

1335. 

8. Hsmo. T. C. (1968) P/au Physiol. 43. 1335. 
9. O’NalL S. D.. Bennet, A. B. and Spanswrk, R. M. (1983) 

Plum Physiol. 72,837. 
10. Ames. B. N. (1966) Mdodr Enrymol. 8. 115. 

Il. Hodges T. K. and &onard. T. R. (1974) Mrrhods Enzpol. 

32 392. 

12 Razz1 W. E.and Khorana. H. G. (l%l)J. Bid. Chem. 236, 

1144. 

13. AnIinun. C. B.. Rcdlkkt, R. R.. Chaptc. W. L, Page. J. and 

Carroll, E. R. (1954) J. Biol. Chem. 207.2001. 

14. Karo. M. and Ike&. Y. (1968) 1. Biochem. (Tokyo) 64. 321 

15. Frzykoda. A. and Szarkowski. J. W. ( 198-O) Eur. 1. Biochem. 

lOi& 285. 

16. Cbakrabuncy. K. and Burma D. P. (I968)J. Biol. Chrm. 243. 

1133. 

17. LavaL 1. sod Paokttt, C. (1972) Bmhemisrry I I. 3604. 

18. Lowry. 0. H.. Rosebrough N. J.. Farr. A. L and Randall, R. 

J (1951) J. Em/. Chtm. 93, 265. 

19. Bradford, M. M. (1976) Anolyr. Btuchnn. 72 248. 


