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Abstract-A nuclease, present m the chloroplast of wheat was purtfied about 150-fold The enzyme was homogeneous 
on polyacrylamtde gel The optimal pH for denaturated DNA was 7 8 and for RNA 6.8, Its M, was 29 000. The enzyme 
was an endonuclease degrading single-stranded DNA at a 15fold higher rate than native DNA. The nuclease did not 
show an absolute requirement for added divalent cations. The enzyme degraded denatuiated DNA to oligonucleo- 
tides wtth a phosphomonoester bond at positton 5, and RNA to S-OH and 3’-phosphate-termmated fragments. 

The enzyme catalysed hydrolysis of synthetic polyribo- and polydeoxyribonucleotides m the following order. 
poly(A) > poly(U) > poly(C) > poly(G) and poly(dA) > poly(dT) > poly(dC) > poly(dG) 

INTRODUCTION 

The enzymes hydrolysmg DNA in higher plants known 
to date are nonspectfic towards the sugar residue of the 
substrate and also degrade RNA. Nucleases have been 
best characterized from mung bean [l, 23, wheat 
seedlmgs [3-51 germinating pea [6,7] and rye germs [8]. 
These enzymes are specific towards single-stranded 
DNA. According to the Wilson classification [9], they 
belong to the group known as nucleases type I. Although 
they have been used frequently m investigations on the 
structure of nucleic acids, the data on their btological role 
and subcellular localization are fragmentary and incom- 
plete. 

At present there are intensive studies on the structure 
of the chloroplast genome but nevertheless, there still 
remains much to be elucidated about the mechanism of 
transcription and processmg of nucleic acids. A special 
role 1s played here by enzymes showing a preference for 
single-stranded DNA, m view of the possibility of their 
attacking single-stranded regions or sites with native 
DNA. 

In the present paper a nuclease is described which was 
isolated from chloroplasts of wheat leaves and belonging 
to the group of enzymes which are nonspecific towards 
the sugar residue of the substrate. Thts enzyme, in con- 
trast to the nucelase isolated from chloroplasts of barley 
leaves as described by Svachulova et al. [lo], shows a 
preference for single-stranded nucleic acids 

RESULTS 

Purity of enzyme 

The purification procedure of the enzyme is shown in 
Table 1 The purification was ca 150-fold, as compared 
with the specific activity in purified chloroplasts in the 
presence of denaturated DNA The final preparation did 
not show any acttvity towards bis-p-nitrophenyl-phos- 
phate, p-mtrophenyl thymtdme 3’- or 5’-phosphate or p- 

nitrophenylphosphate This confirmed the absence of 
phosphodiesterase and non-specific phosphatase activity 
in our preparation. The nuclease exhibits 3’-nucleottdase 
activity. 

Polyacrylamide gel electrophoreses of the enzyme at 
pH values of 8.4 and 5.0, as well as m the presence of 
sodium dodecylsulphate at pH 7.0, (Ftg 1) gave a single 
band indicating the homogemty of the enzyme 

Enzyme properties 

The nuclease activity at various pH values was meas- 
ured m 0.1 M acetate buffer, 0 1 citrate-phosphate buffer 
and 0.1 M Trts-HCl buffer. The optimal pH for dena- 
turated DNA was 7.8 and for RNA 6 8. Relative activity 
of the nuclease towards native DNA, denaturated DNA 
and RNA is shown m Table 2 The enzyme activity 
towards denaturated DNA was more than lo-fold higher 
than that towards native DNA and more than two times 
htgher than towards RNA These results indicate that the 
purified nuclease may be specific for single-stranded 
DNA 

Studies on the influence of temperature on activity in 
the presence of denaturated DNA, showed an optimum 
activity around 50”. The effect of dtvalent cations and 
sulphydryl compounds on the hydrolysis of DNA and 
RNA is shown m Table 3. The data obtained mdtcated 
that MgZf ions may slightly stimulate the activity to- 
wards DNA. Addition of these tons at a concentratton of 
10 mM resulted m only about 20% Increase of activity 
In the case of RNase activity Mg2+ ions at a 10 mM 
concentration decreased this activity to almost zero 
Cu2+ Zn2+ and Co 2 + ions at a concentration as low as 
1 mM greatly depressed the enzyme activity towards 
DNA. Cu2+ tons at a 5 mM concentration caused a 
complete loss of this activity. Znzi tons at a 1 mM 
concentration inhibited completely RNase activity, and 
Cu2 + and Co2 + ions reduced DNase activity only shght- 
ly. When added in a 10mM concentratton they de- 
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Table 1 Purlficatlon scheme for wheat chloroplast nuciease 

Step 

Purified 

chloroplasts 

Supernatant after 

dIsruptIon of 

chloroplasts 

DE-52 cellulose 

Phosphocellulose 

DNAase RNA&e 

Specific 

Total Total activity Purlfi- Total Speck Purl& 

protein actwty (bmt$/mg) catlon actrwty actrvlty cdtion 

(mg) (umts/ml) protein) factor (umts!ml) (umts:mg) factor 
- 

1200 432 36 I 80 16 I 

1 28 2840 355 10 240 30 2 

0 30 432 1440 40 3600 360 22 5 

0 048 264 5500 I52 9600 1200 75 

Fig 1 Polyacrylamlde gel electrophoresls of nuclease m 10% 

SDS 

Table 2 Wheat chloroplast nuclease acttvtty towards dena- 
tured DNA, RNA and natwe DNA 

Specific actwty (umtsimg protein) 

Substrate 1 hr 2 hr 3 hr 4 hr 

DNA denatured 1200 2200 3300 5000 

RNA 500 900 1250 1800 

DNA native 100 200 280 350 
- 

_--__.- 

*Standard assay condlttons Enzyme (4 118 of enzyme 

protem) was premcubated at 37 for 10 mln 

pressed tts acttvtty by about 12% Ca’+ tons at a 10 mM 
concentratton decreased RNase acttvtty by 42% 

The enzymatic acttvtty towards DNA was strongly 
Inhibited by the addition of EDTA, a 1 mM concen- 
tration of which caused a 90% tnhtbttton. whereas with 
RNA the enzyme acttvtty was mhtbtted only 20% 

The sulphydryl reagent, p-chloromercurtbenzoate 
(PCMB), had an macttvatmg effect on DNase and 
RNase, a 5 mM concentratton depressed DNase activity 
by about 60% and RNase actrvtty by 50% Thts acttvtty 
was also mhtbtted by mercaptoethanol and dtthtotrettol 
The latter at a 5 mM concentratton depressed enzyme 
activity m the presence of DNA and RNA by 70 and 40% 
and mercaptoethanol mhtbtted by SO and 70% respect- 
ively. 



Characterlzatlon of endonuclease from wheat 1277 

The enzyme activity towards denaturated DNA 
(Table 4) was slightly inhibited by low NaCl concen- 
trations. Only a concentration as high as 0.2 M caused an 
acttvity decrease of 50%. 

The M, of the enzyme was determmed electrophor- 
etically on dodecyl sulphate polyacrylamide gel slabs at 
pH 8 3. Comparison of the mobihties of marker protems 
with that of the enzyme showed a M, of 29 000 for wheat 
chloroplast nuclease 

Mode of degradation 

In order to determine whether the activity of wheat 
chloroplast nuclease was of an exonucleolytic or endo- 
nucleolytic type, denaturated DNA and RNA were di- 
gested to different degrees of acid solubihzatton m stan- 
dard reactions and chromatographed on a Sephadex G- 
50 column. The enzyme nutially acted m an endonucleol- 
ytrc manner, producing ohgonucleotides. Substances elu- 
ting at postttons expected for mononucleotides were pre- 
sent only after much longer incubation periods. 

Identijicatlon of terminal groups m DNA and RNA digest 

The products of hydrolysis of denaturated DNA and 
RNA obtained by the action of nuclease were further 
subjected to the action of phosphodiesterase from snake 
venom which requires a free hydroxy group at the 3’ 
terminal and releases 5’-mononucleotides. The products 
of hydrolysis of denaturated DNA were further exten- 
sively decomposed by snake venom phosphodiesterase. 
Hence, it may be concluded that nuclease breaks the 
DNA chain yielding ohgonucleottdes with a free hydroxy 
group at the terminal C-3’ carbon. RNA hydrolyses pro- 
ducts obtained by the action of nuclease were further 
separated by spleen phosphodiesterase. This indicates 
that the ohgonucleotides formed in partial RNA hydroly- 
sis have a free hydroxy group at the terminal carbon C-S’. 

Actlon of the enzyme on polyribo- and deoxyrrbo- 
nucleotldes 

The nuclease from wheat chloroplasts showed different 
rates of activtty on ribohomopolymers (Table 5). The 
enzyme degraded poly(A) at a relattvely rapid rate. 
Poly(U) and poly (C) were hydrolysed at a slow but 
sigmficant rate, whereas poly(G) was digested only to a 
small extent. The results in Table 5 show that, of the four 
deoxyhomopolymers, only poly(dA) was hydrolysed to 

Table 4 Effect of Increasing sodmm 

chloride concentration on the degra- 

datlon of denatured DNA by nuclease * 

Concentration of NaCl AA,,, 

(W 

None 028 

005 0.25 

01 021 

015 0 195 

02 0.155 

*Standard assay condltlons Enzyme 
(3 pg of enzyme protem) 

PHYTO 27:5-D 

Table 5 Hydrolysis of rlbo- and deoxyhomo- 

polymers* 

Substrate AA,,, Substrate AA,,, 

Poly (A) 

Poly (G) 

Poly (C) 

Poly (U) 

045 Poly (dA) 042 

0.05 Poly (dT) 0 18 

015 Poly (dC) 013 

022 Poly (dG) 006 

*See ExperImental for detads. 

any sigmficant extent. Poly(dT) and poly(dC) were 
hydrolysed about three times more slowly than poly(dA) 

DISCUSSION 

In the chloroplasts from the first leaves of wheat 
sprouts enzymatic activity was noted towards dena- 
turated DNA and RNA. It is well known [l l] that, when 
chloroplasts are isolated, a certain number of them are 
damaged. In the chloroplast preparations from wheat 
leaves obtained by us there were about 20% damaged 
chloroplasts. It would seem that a part of the nucleolytic 
activity of the purified chloroplasts (Table 1) originated 
from the damaged organelles. After dtsruptton of the 
chloroplasts by osmotic shock further release of 
nucleolytically active proteins occurs, givmg a IO-fold 
increase of activity. 

Further mvestigations indicate that chloroplasts of the 
first leaves of wheat seedlings contam nuclease nonspeci- 
fic towards the sugar residue substrate. The enzyme 
isolated from chloroplast and purified to a state of elec- 
trophoretic homogenity, hydrolyses RNA, native and 
denaturated DNA The rate of enzymatic hydrolysis of 
smgle-stranded DNA was more than 10 times higher 
than that of native DNA Similarly, as other nucleases of 
this type are present m higher plants, the studied enzyme 
also shows 3’nucleotidase activity. Thus, m view of the 
noted substrate specificity it may be classified according 
to Wilson [9] as a plant nucleases of type I. 

The M, of the mvesttgated nuclease is 29000, not 
stgmficantly different from that of other nucleases of this 
type, the M, of which lie within the range 30 00&45 000. 
The optimum pH for the enzyme activity is, however, 
different from that of other nucleases of this type [9]. The 
nuclease from chloroplasts of the first leaves of wheat 
germs is most active with DNA as the substrate in a 
medium with pH 7.8 but with RNA it is most active at 
pH 6.8. Thus, m the case of chloroplast nuclease, hke m 
that from germinating pea [6] a certain shift of pH 
optimum is observed towards alkaline values. It should 
be mentioned that the endonucleases of the unicellular 
algae Chlamydomonas remhardi [12] and Euglena graclhs 
[13] whtch are specific towards single-stranded DNA 
show the highest activity m alkaline medium with pH 8 8 
and 9 4, respectively. 

Contrary to other type I nucleases, most of which 
require btvalent cations for mamtainmg their maximal 
activity [3, 141, chloroplast nuclease IS inhibited by bi- 
valent ions. Only Mg 2+ has a slight stimulatmg influence 
on this activity. This exclusive stimulatmg effect of Mg2 + 
ions was observed by Svachulova et al. [lo] m the case of 
barley chloroplast nuclease. Germinating pea nuclease is 
also activated by Mg2+ ions [6]. The activity of the 
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mvesttgated nuclease from chloroplasts of wheat leaves IS 
strongly mhtbtted by EDTA An EDTA concentratton of 
1 mM decreases the activity by 90% Acttvtty of barley 
chloroplast nuclease IS mhtbited by an EDTA concen- 
tration as htgh as 25 mM [lo] Strong mhtbttton by 
EDTA was also observed m the case of endonuclease 
from the alga Chlamydomonu.~ reuhzrdr [12], where a 
0 05 mM EDTA concentratton causes a complete loss of 
actlvlty Thts endonuclease IS at the same time activated 
by Ca” and Cu2 + tons Nucleascs from fungt [15--i 71 
are stmtlarly very strongly mhtbtted by low EDTA 
concentrations. 

Sulphydryl -SH donors such as mercaptoethanol and 
drthtotrettol m a 0 5 mM concentratton at pH 7 8 have an 
mhtbttory effect on nuclease from wheat chloroplasts 
Lmn and Lehman [ 151 observed earlier that Neurospora 
(‘russa nuclease was stmtlarfy mhtbtted by low concen- 
trations of sulphydryl compounds at alkaline pH They 
suggested that mhtbttron may be connected with reduc- 
tion wrthm the enzyme of specially senslttve dtsulfide 
bridges Most type I nucleases require the presence of 
sulphydryl compounds for preservmg then activity at pH 
4 5 The acttvrty of the studted enzyme (unpubhshed data) 
m a medium with pH 4 5 was shghtly \trmulated by 
mercaptoethanol The same compound at pH 8 0 IS m- 
hibttory to other type I nucleases as m the case of the 
nuclease of wheat chloroplasts studied by us Sulphydryl 
reagents such as p-chloromercurtbenzoate have an m- 
htbnory effect on this enzyme Ethylmaletmtde has a 
stmtlar mfluence on barley chloroplast nuclease [lo] 

The specthcrty of the nuclease was estabhshed by 
observmg its activity m the presence of natural and 
synthetic substrates The enzyme decomposes RNA and 
denatured DNA hke a typtcal endonucledse Neverthe- 
less, different end products were released from these 
substrates For denatured DNA the end products are 5’- 
phosphomono- and ohgonucleottdes with a free hydroxy 
group m posttton 3’, whereas in RNA hydrolysis leads to 
3’-phosphomono- and ohgonucleottdes wtth a free hy- 
droxy group tn posttton 5’ The dtfferent actton ofwheat 
chloroplast nuclease on DNA and RNA dtstmgutshed It 
from other higher plant nucleases [9] The endonucleases 
from Chlumyciomonas reznhurdl [ 121 and E~cglenn yractlts 

[ 131 degrade RNA m a stmtlar manner to the chloroplast 
nuclease [9] 

It was found that rtbohomopolymers are hydro- 
lysed by the nuclease m the followmg sequence 
poly(A)> poly(U) > poly(C) > poly(G). This result agrees 
with the marked spectfictty towards bases, observed 
among type I nucleases Most of them hydroiyse most 
raptdly the bond m the netghbourhood of adenme next to 
urtdme, and more slowly the bond near cytosme and 
guanosme [9] Since degradation of these compounds 
was mvesttgated at pH 5 8, tt would seem that higher 
order substrate structure had no mfluence on the rate of 
hydrolysis [lg] The same sequence rn hydrolyses was 
noted wtth deoxyhomopolymers The enzyme shows here 
too a preference for bases m the order poly 
(dA) > poly(dT) > poly(dC) > poly(dG) It should be noted 
for comparrson that the mentioned observattons mdtcate 
a certain slmtlartty of wheat leaf chloroplast nuclease to 
chloroplast nucleases of the unicellular algae C&my- 
domonas remhardrl [ 121 and Euglena yrac drs [ 131 

The present results supplement the scarce data on 
nucleases present m chloroplasts The distinct spectfictty 
of the enzyme for single-stranded structures makes this 

enzyme convenient for mvestrgattons on the structure of 
DNA. At present further mvesttgattons are under way on 
the specifictty of the enzyme and Its natural substrates. 

EXPERIMENTQL 

Plcmr muterrrd Wheat (Trrrrcum rulgrlrc var Mtronowskaya) 

grams were surface-sterthzed wtth 0 1% HgCI, aq so111 and 

rinsed with H,O The grams were tmbtbed m II,0 for 2 hr dnd 

then grown for 7 days on sterrhzed hgnm moistened with H,O, 

at room temp under a normal hght regime 

Chemrcals Highly polymertzed DNA sodium sdlt from cdlf 

thymus, p-mtrophenylthymrdme 3 - or S’-phosphate, p-mtro- 

phenylphosphate, bts-p-mtrophenylphosphate were from Sigma 

Htghly polymettzed RN4 sodium salt from yeast was produced 

by SCI Res Ctr Med Acad Lodz, Poland Polynucleottdes were 

from Miles Low Molecular Werght (LMW)Cahhratron Krt was 
from Pharmacra Fme Chemrcals 

Preparattnn o/rntatt chloropluvts Chloroplasts were isolated 

from 500 g of 7-day-old wheat leaves The procedure essentially 

followed the method of ref [I91 but using 25 mM Tn--HCI 
bulfcr, pH 7X mste.rd ofU I M PI butler, pH 6 8 Purity of the 
chloroplast suspenston was checked m an opttcal microscope 

after stammg the residual nucfet wtth Methylenc Green 

Chloroplasts free of nuclei were suspended tn IOmM 

Trls -HCl buffer pH 7 8 cantammg 1 mM MgCI, They were 

disrupted accordmg to ref [lo] and the supernatant was used 

for further purtficatton of the enzyme 
C‘hlorophyll and protern ~on~entratwm Total chlorophyll (a 

and h) concns were determmed m X0% Me,CO by the method 

of ref [?O] 

Protein concentratron wds measured by the method of Lowry 
et al (211, except that the absorbance was determmed at 720 nm 

to dvoid a contrtbutron due to chlorophyll 
The percentage of intact chloroplasts was determined by the 

spectrophotometrlc method [22] The mean number of Intact 

chloroplasts w’ds m several preps 70-X0% 

Enz~~rne purtficutmn The supernatant obtamed after dtsrup- 

tion of the chloroptdst$ was applied to d 2 5 Y 20 cm column of 

DE-S2 cellulose equrhbrated utth IO mM Trts HCI butlier, pH 

7 8 The column was eluted wtth d lmear gradient of 0 1-O 3 M 

NaCl m the same buffer at a flow r&e of 6 ml 15 mm Nucleoly- 

ttc proteins, were eluted in the range of 0 15 -0 7 M NaCl The 

most acttve fractions in the acttvtty peak were pooled and 

dtalysed against IO mM Trta-HCI butler, pH 7 8 and coned The 

product wds then apphcd to a 1 5 x 15 column of phosphocellu- 

lose eqmhbrated wtth 10mM TrtsHCl butfer, 7X and elutcd 

wtth a linear gradient of 0 1-O 3 M NaCl tn the \dme buffer 

Flow rdte wds 4 ml.‘10 mm Protein\ wtth nucledse &ttvity were 

eluted m the range ol 0 1-O IS M NaCI 

Enzyme atsays RNase was assayed by measurmg 4 at 260,, 

of the acid-soluble dIgestton products from yeast RNA accor- 
dmg to the method described m rcf [23] wtth the me of0 I M 

Tris-HCI buffer, pH 6 8 Instead of Nd-Pt The enzyme umt was 

defined ds the amount of activity required to mcrease A dt 260,, 

by 0 1 umts m I hr DNaae acttvtty wns arsnved accordmg to 

ref [24] 

Phosphodtesterase and phosphomonoesterase were assayed 
on bts-p-mtrophenylthymldme 3’ or 5’-phosphate and p-mtro- 

phenylphosphate [25] 

Polyacrylamlde gel electrophorests wds performed at pH 8 4 

L26J and pH 5 0 [27] Electrophorests m the presence of SDS 
was performed accordmg to the method of ref [2X] wtth 10% 

gel dt pH 7 0 Gels were stained wtth 0 I”+ Coomasste Brllhant 

Blue m 50% MeOH and 7% HOAc and were electrophotettcal- 

ly destatned m 7% HOAc and 20% MeOH 



Estlmatton ofM, The M, was estimated m gel slabs at pH 8.3 

[29] by comparing with that of protein standards of known 

molecular weight 

Hydrolysis of rlbo- and deoxyhomopolymers The reaction 
nuxblrp, cx~~&uned m. the final v.dnm~ of 0.4 ml. l-On ;G d 

rlbohomopolymers and 4 pg of enzyme protein m 0 1 M acetate 

buffer, pH 5 8 Incubation was carrled out at 37” for 4 hr The 
reactlon was stopped by ad&Ion of an equal vol of 12% 

perchlorlc acid m 20 mM lanthanum acetate The samples were 

cooled and the non-degraded substrate was removed by centn- 

fugatlon at 12 000 9 for 30 mm. After addltlon of 0 9 ml H,O to 

0 1 ml of the supernatant fraction absorbance was measured at 

260 nm 
The reaction mixture contained m the final volume of 1 ml 0 2 

mM of deoxyhomopolymers, 8 pg of enzyme of 0 1 M Trls-HCI 

buffer, pH 7 4 The mixture was incubated at 37” for 4 hr. The 

reaction was stopped by addition of 14 ml of cold 14% per- 

chlorlc acid The samples were cooled and centrifuged at 1500 9. 

The absorbance of the supernatant was measured at 260 nm 

Mode of RNA and DNA degradation The products of partial 

hydrolysis were analysed according to the method of ref [30], 

using Sephadex G-50 Instead of Sephadex G-100 

Analysis of ternum of degradation products The termml pro- 

duced by sclsslon of RNA and DNA were analysed accordmg to 

the method described m ref. [31] 

Prorem esttmatlon Rotem was estimated either by A at 280,, 

or by the method of ref [20] with trypsm as standard protem or 

spectrophotometrlcally accordmg to the method described by 
Bradford [32] 
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