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Hpa 1 endonuclease lrom Haemophilus parainfluenzae has been purilied 10 homogeneity and its physical and 

ezymatic properties have been studie<l.. For the purilication 01 the enzyme, Heparin agarose, SP.sephadex C.25, DEAE. 

sephadex A.50 and phosphoceIlulose chromatography columns were used. The denatured and reduced lorm 01 the en. 

zyme is a monomer 01 molecular weight 01 30,000 土 1,000 as judged by 10% polyacrylamide gel electrophoresis con. 

taining 0.1 % sodium dodesyl sullate. Hpa 1 endonuclease was maximaIly active at neutral pH (7.0 to 7.5) in the 

presence 01 50 mM NaCI 
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The importance 01 restriction endonucleases as tools in 

genetic research is now weIl established. These enzymes 

have become indispensible in physical mapping 01 

chromosomal DNA, recombinant DNA research and are the 

subject 01 the review papers (1) (2). Despite their widespread 

uses, their mechanism 01 action and the way in which the 

restriction endonucleases and the cognate methylases 

recognize and cleave specilic nucleotide sequences is not 

weIl understood. In order to study the interactions between 

restriction endonucleases and nucleic acids interactions el. 

lectively, an experimental system must be established in 

which both nucleic acid and protein are present in 

homogeneous lonn. Furthermore it is essential that both 

components are thoroughly characterized. Availability 01 

endonuclease activities lrom Haemophilus parainηuenzae 

They also identilied that Hpa 1 and Hpa II endonucleases 

recognize the nucle이ide sequences 5.d(Gπ~C}3\and5 ’d 
(CCGG).3 ’ respectively and cut at the sites indicated by the 

arrows ‘ Since the purilication procedures reported by these 

authors and by others (4. 5) do not yield homogeneous en. 

zyme in large amounts, we have developed an ellicient pro

cedure lor the isolation 01 Hpa 1 endonuclease in 

homogeneous lorm. In this paper we describe the isolation 

procedure lor Hpa 1 endonuclease together with its physical 

and enzymatic properties 

Materials and Methods 

such inlormation is important in understanding the Chemicals and Enzymes 

mechanism by which the restriction endonucleases Heparin . and electrophoresis grade agarose were lrom 

recognize their specilic nucleotide sequences. Sigma. Sepharose 4B, DEAE.Sephadex A.50 , and SP.Sephadex 

Sharp et al. (3) reported the separation 01 Hpa 1 and Hpa II C.25 were Irom Pharmacia. Whatman phosphocellulose 
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(P-11) was precycled and equilibrated according to the pro

cedure 01 Green et al. (6). 

Lamda DNA was purchased from New England Biolabs. 

Organism and Standard Culture Conditions 

Haemophilus parainf/uenzae was provided by Dr. 

Roberts (Cold Spring Harbor) and was grown at 370C in 3.7% 

brain heart inlusion (Dilco) supplemented with 2 ug/ml NAD 

(Calbiochem). 

The culture pH was maintained at 7.5 by addition 01 NaOH. 

Cells were harvested in late log phase, and adjusted to 50% 

glycerol (w/w). The cell paste was stored at -200C. 

Enzyme Assays 

Hpa 1 endonuclease activity was assayed by monitoring 

the cleavage 01 DNA by agarose gel electrophoresis. Reaction 

mixtures contained 20 mM Tris/HCl, pH 7.6, 10 mM MgCl2’ 
10 mM 2-mercaptoethanol, 0.1 mM EDTA, 50 mM Nacl 0.2 to 

1.0 ug 01 DNA, and an appropriate amount 01 Hpa I endonu

clease. The reaction was incubated at 370 for 60 min and was 

terminated by adding one lilth volum 01 100 mM EDTA, 0.5% 

bromophenol blue, and 60% glycerol. The DNA products 

were analyzed by agarose gel electrophoresis. 

The Protein Content 

The protein content 01 the purified and partially purified 

Iractions was determined by the method 01 Lowry (7), or 

Schaffner and Weissman (8). 

SDS-Polyacrylamide Gel Electrophoresis 

10% Polyacrylamide gel electrophoresis was performed 

in "the presence 01 0.1 % sodium dodesyl sullate according to 

the method 01 Weber and Osborn (9) and proteins 01 known 

molecular weight were used as standards. The protein bands 

were visualized by staining with 0.1 % Coomassie brilliant 

blue lollowed by destaining with water-methanol-acetic acid 

(8: 1: 1, VIV/V). 

Preparation of Heparin Agarose 
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01 Davidson et al. (10). 250 ml 01 washed Sepharose 4B beads 

were åétivated by cyanogen bromide (2g cyanogenbromide 

per ml in acetonitrile), and then coupled with500,000 units 

01 heparin. 

Results and Discussions 

A summary 01 purification 01 Hpa I endonuclease lrom 

I50g (wet weigh t) 01 Haemophilus parainfluenzae is 

presented in Table 1. AII steps were performed at 0 to 40, 

and centrilugation was at 12,000 x g lor 30 min in Sorvall 

GSA or GS3 rotors unless otherwise indicated. Buffers used 

in the purification were as lollows: Buffer A; 50 mM Tris/HCl 

pH 8.0, \0 mM 2-mercaptoethanol and 1 mM EDTA, and Bul

ler B; 20 mM sodium phosphate pH 7.6, 10 mM 2-mercapto

ethanol, 0.1 mM EDTA and 10% glycerol 

Preparation of Crude Extract 

150 g (wet weight) 01 Haemophilus parainf/uenzae cell 

paste was suspended in 450 ml 01 buffer A, and stirred slowly 

overnight at4 oC. Cells were disrupted by two passages 

through French Pressure PreSs at 15,000 p.s.i .. During each 

passage the sample was quickly cooled in ice-water bath. 

Microscopic examination indicated that more than 90% 01 the 

cells were disrupted by this treatment. The extract was cen

triluged at 3휠000 rpm (Type 42.1 rotor) lor 60 min, and the 

res비ting supernatant was diluted with buffer A to an A260 01 

60 (Iraction I, 805 ml). 

Streptomycin Sulfate Fractionation 

Streptomycin sullate solution (5 % w/v) was added drop

wise to Iraction I to a linal concentration 01 1.2 % over a 

period 01 60 min. After an additional 60 min stirring, the 

supernatant was collected by centrilugation (Iraction 11, 1,775 

ml). 

Ammonium Sulfate fractionation 

Heparin agarose was prepared according to the procedure Solid ammonium s비late was added gradually to Iraction 

TabIe 1. Purification of Hpa 1 endonuc\ease from 150g of Haemophilu8 paminfluenzae. 

Step Sample vol. Tota1 protein TotaI units Specific activity 

1. Crude extract 805m! 9, 000mg a 2 X 10' units 2.2X lO' units/mg 

2. S treptomycin sulfate 1775ml 8, 000mg a 2 x 10' units 2.5 x 10' units/mg 

3. Ammonium sulfate 928ml 6, 000mg 
a 2 x 10' units 3. 3 x 10' units/mg 

4. Heparin agarosg 240m! 96mg a 1. 6 X lO' units 1. 7X10 ‘ units/mg 

5. SP-sephadex C-25 42ml 2.0mg b 1 x 10' units 5X 10 ‘ units/mg 

6. DEAE-sephadex A-50 29ml 0.27mg b 6 x 10' units 2.2 X 10' units/mg 

7. Phosphocellu~se 0.2ml 0.20mg b 4.4X10'units/mg 2X10' units/mg 

。 Protein concentration was determined by the method of Lowry et al. (9). 

‘ Protein concentration was determined by the method of Schaffner and Weissman (lO). 

Yield 

100% 

80% 

50% 

30% 

22% 
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II to reach the final of 70% saturation over a period of 60 min 

followed by gentle stirring overnight. The precipitate was col
lected by centrifugation and resuspended in 160 ml of buffer 

B, and then dialyzed against 10 volumes of buffer B for 10 

hours with three buffer changes. The sample solution was 

diluted with buffer B to reach the O.D280value of 20 (fraction 

111, 928 ml). 

Heparin Agarose Chromalography 

Fraction JIl was applied at 40 ml/hour to a heparin 

agarose column (35 cm x 5.7 cm) equilibrated with buffer B 

containing 200 mM NaCI. After loading fraction l!l, the col

umn was washed with 200 ml of buffer B containing 20 mM 

j ,NaCl and the protein was then eluted with a liter linear gra

dient of NaCl (0.02M -0.80M) in buffer B. 10 ml fractions were 

collected, and those containing Hpa 1 endonuclease activity 

(Fig. 1) were pooled (fraction IV, 240 ml). The Hpa 1 en

donuclese activity eluted between 0.40M and 0.57M NaCI. 

SP.Sepbadex C.25 Chromatography 

Fraction IV was dialyzed against 10 volumes of buffer B 

for 10 hours with three changes of the buffer. The sample 

was applied at 20 mllhour to aSP-Sephadex C-25 column (20 

. x 1.7 cm) which had been equilibrated with buffer B. The col-

,umri was washed with 40 ml of buffer B and the protein was 

eluted with 160 ml linear gradient of NaCl (0.OM-0.2M) in 

buffer B. Fractions (6 ml) were collected and those containing 

Hpa 1 endonuclease activity (Fig. 2) were pooled. Hpa II activity 

eluted between 0.05M and O.IOM NaCl (fraction V, 42 ml) 

DEAE-Sepbadex A-50 Chromatography 

Fraction V was dialyzed against 10 volumes of buffer B for 

10 hours with two buffer changes, and applied on a DEAE

Sephadex column (20 ml syringe). The column was washed 

with 30 ml of buffer B, and the protein was eluted with 'a 100 

ml linear gradient of NaCl (0.OM-0.30M) in buffer B. Frac

tions (4 ml) containing Hpa 1 activity (Fig. 3) were collected 

The enzyme activity eluted between 0.05M and 0.15M (frac-

Fig. 1. Heparin agarose column chromatography. 

The reaction conditions are described in 
Methods. Fraction numbers are indicated 
。n the top of the geL 
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1 g 16 

Fig. 2. Sp- Sephadex C- 25 column chromatogra
phy 
The reaction conditions are described in 
M ethods. Fraction numbers are indicated 
on the top of the gel. 

tion Vl , 29 ml). 

Phosphocellulose Chromatography 

Fraction VI was di혀yzed against IOvolume~ of buffer B,and 

then applied on a phosphocellulose colurrin (5 ml syring리 

which had been equilibrated with buffer B. The protein was 

eluted with a 50 mllinear gradient of NaCl (0.02M-O. 70 M) in 

buffer B. Fractions (1.0 ml) containing Hpa 1 endonuclease 

activity (Fig. 4) were pooled. The en각rme activity eluted be

tween 0.40 and O.50M NaCI. The pooled enzyme sample was 

concentrated by dialysis against 50 % glycerol in bl1 ffer B 

(fraction Vll). Fraction VlI showed a single protein band 

when analyzed by SDS-polyacrylamide gel electrophoresis as 

Fig.3. DEAE- Sephadex A.50 chroma tog:-aphy. 

The reaction conditions are described in 
Methods. Fraction numbers are indicated 

。n the top of th <,! geL 
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Fig.4. Phosphocellulose chroma1;ography. 

The reaction conditions are described in 
Methods. Fraction numbers are indicated 
on the top of the gel. 

shown in Fig. 6B. 

The Proper성es of Hpa I Endonuclease 

The concentrated Hpa ! endonuc!ease (fraction VI!) did 

not lose any enzyme activity over a period 01 at !east 6 

months at - 200 • Hpa ! endonuc!ease thus purified was free 

of other contaminating endonuc!ease activity as shown by in

cubation 01 1 ug 01 DNA with 100 units of en앙me at 370 for 

16 hours followed by 1 % Agarose gel electrophoresis. No fur

ther c!eavage of the DNA was detected under these condi

tions. Furthermore, the enzyme was also free of exonuc!ease 

and phosphatase activities as judged by 

homochromatography by using a 5ι32 P-Iabeled 

oligonuc!eotide. 

To d하ermine the subunit molecular weight of Hpa ! en

donuc!ease,1 0 % p이yacrylamide ~el electrophoresis was per

lormed in the presence of 0.1 % SOS. As shown in Fig. 6A the 

relative mobility of Hpa ! endonuc!ease was 0.38 which in

dicates that the single protein species has a molecular weight 

of 30,OOO :t: 1 ‘ 000 dalton. The moleculatweight of the native 

form of Hpa 1 endonuc!ease will have to be determined by 

fu :-ther sedimentation equilibrium analysis to examine 

whether the enzyme exists as a dimer lorm in solution 

Dependence of Hpa ! endonuc!ease activity was observed 

on altered reaction conditions. The e찌rme is maximally ac

tive at pH 7.0 to 7.5 in the presence 01 50 mM NaCI. Hpa 1 did 

not essentially require sulfhydryl group compound for its ac

tivity, indicating that the cystein residues are noi doing any 

iniportant role at the active center of the enzyme. 
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Fig.5. SDS- po1yacrylamide gel electrophoresis. 

10% polyacrylamide gel was used. A: The 
subunit molecular weight of Hpa 1 endon
uclease, B: lane a, s tandard pro teins (mo-
lecular weights , BSA: 68 , 000 , ovalbumin: 
46, 000 , carbonic anhydrase: 29, 000 , myogl
。bin: 17, 200) , lane b, Hpa 1 endonuclease. 

The possibility that restriction endonuc!eases can c!eave 

single stranded DNA has been the subject of the discussions 

(11) (12). Horuichi and Zinder (12) reported c!eavage 01 1) 

vir혀 DNA into discrete Iragments by Hpa I! endonuc!ease. Yoo 

and agarwal (13) a1so reported that Hpa I! endonuc!ease and Msp 

1 endonuc!ease can c!eave single stranded oligonuc!eotides 

However, Hpa 1 endonuc!ease did not show any c!eavage ac

tivity when the enzyme was treated with single stranded 

øx174 viral DNA. 

요 약 

Hpa 1 endonuclease를 순수 정제하였다 150g 

(wet weigh t) 의 Haemophilus parainfluenzae로 부 

터 얻은 crude extract를 ammonium sulfate frac

tionation을 거친후 Heparin agarose, SP-sephadex , 

DEAE-sephadex, phosphocellulose등 chromatogra -

phy를 거쳐 최종적으로 0.2mg의 효소를 얻었다. 

Specific activity는 2. 2X 10 ‘ units/mg 이 었 다. 얻어 

진 Hpa 1 endonuclease는 SDS-polyacrylamide gel 

에서 한개의 band를 보였고， 그 효소활성은 50mM 

NaCI 과 pH 7.0과 7. 5 사이에서 가장 높았다. 
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