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PREPARATION, PURIFICATION AND CRYSTALIZATION OF HORSE-RADISH

PEROXIDASE COMPONENTS

HASSAN M. SALEM *

Biological Science Department, Purdue University, Lafayette, Indiana, U. S. A.

(Received July 28, 1967)

A simple method has been described for the preparation of pure horse-radish peroxidase. Electro-
phoretic studies of the peroxidase revealed the presence of five components. The four major components
of the enzyme were separated in a purified form by ion exchange chromatography. Fine needle-shaped
crystals were obtained under the conditions of 15 mgjrn] enzyme and :is % saturation of ammonium
sulphate.

Introduction

Peroxidase is a very widely distributed enzyme
among high plants. The enzyme has been
prepared from such diverse sources as figs., 1
horse-radish.v'? yeast; 4 turuij., 7 and JajJanese
radish. 5'6 The enz vrne Ius not been i-olated
from plants in a rather purified state except in
the case of horse-radish. 15 Thcorcll 9.10 was
the first to crystallize the enzyme and subsequent
workers have used substan t iall y the sam= method.

Its enzymatic, physical and chemical pro-
perties have been studied by different workers. 14.15

J t has been established that preparation from
horse-radish, sweet potatoes, japanese radish,
turnip and other luguminous plants has multiple
enzymatically active components. Thcorell!"
reported two different peroxidases, referred to
as I and II, from horse-radish. Subsequently,
Keilin and Hartree'' found that when pure
peroxidase was kept at o°C for some time it
gave rise to a brown compound with somewhat
deminished enzymatic activity. Later Jermin, II

using paper electrophoresis, observed that peroxi-
dase preparations from different kinds of plants
have between two and five components.

The present report describes the preparation,
purification, separation and crystallization of the
different components of horse-radish peroxidase.

ExperiInental

Sources of Horse-radish Roots.-Horse-radish
roots were gathered in August [rom an Indiana
CU. S. A.) farm and also were brought by Holl-
mann's Commission Company, St. Louis, ?\IIo.,
U. S. A.

Determination of the Peroxidase Acti1!ity.- The
activity of the peroxidase preparation was esti-
mated by the method of Summer and Gjissingl2

"Now at Biochemistry Department, Faculty of Agricul-
ture, Cairo University.

with slight modification. The P. Z. (purpuro-
O'allinzahal), i,e., mg. of purpurogalliin formedby I ml. of enzyme preparation in 5 min-
from pyrogallol and H202 under fixed condi-
tions) was determined by Wiljstatter and Stoll's-
method. 13

Gel Electrophoresis Techni,/ue.--Gelman sepra-
phore III polyacetate cellulose strips were soaked
in 0.1 M sodium acetate buffer (pH 5.0)/ for about
10 min for restoring their original gel structure.
Then the sample was applied after blottiing the-
strip between two absorbant blotting papers ..
The electrophoretic analysis was run in o. I M'

sodium acetate buffer (pH 5.0) for I hr at 250.
volts in the cold room at SoC. The strips were-
stained with buffalo black and then they were-
cleared in a mixture of acetic acid and ethanol,

Results

Preparation of the Enzyme Peroxidase

The method chosen in this worlc was a simple-
method which avoids the use of unavailable
Tiselius electrophoresis used by Theorell, and.
reduces the number of fractionation steps used.
by other workers.

Step I Isolation of Peroxidase [tom Horse-
radish RootS.-IO kg washed roots were cut into
small pieces and minced. The minco was ex-
tracted with 14- 1. distilled water overnight in
the cold room, and then squeezed by hand through
muslin (P.Z. i .f ).

Step 2 : Treatment with Etha71~1 end Chloro-
[orm=: 5 1. ethanol: chlorofrom (2: I v Iv) were
left to cool at o°C and added to the enzyme ex-·
tract. The mixture was stirred for 10 min ..
The residue was centrifuged in a refrigerated
centrifuge, and the clear yellow supernatant
(:2 I L) was concentrated by distillation in a.
rotary distilling apparatus under reduced pressure
to about one-fourth of its volume. The tempera-
ture was kept at 30°C under reduced pressure,
sc as not to denature the enzyme.
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Step ::>: Fraciiouaiional Precipitation with Ammo-
nium Sulphate.- To each litre of the concentrate
200 g ammonium sulphate was added and the
inactive precipitate formed was centrifuged and
discarded. Then another 200 g ammonium
sulphate per litre of the original concen tratc was
added to the supernatant. The precipitate
which contained all the activity was centrifuged
in a refrigerated centrifuge. and then d issolvcd
in 50 rnl of d isti l lr-d water. and d ialvscd ;l~i1il1\t
distilled water ovorn igh t .

Stef} 4: Fractional Precipitation with Ethauol.>«
The enzyme solution was cooled to 00(: and cold
ethanol (ooC) was added ,[.5 \'01). The prc-
cipitatc was centrifuged in a refrigerated con-
trifuge then dried in vacua and its activity was
tested '(P. Z. 50). To the supcrnatan t. et hanol
,2.3 vol) was added. After stan~ling at 0 c:
[or 30 mill the suspensio» was cen trifuged. The'
precipitate was dried in vacuo and the enzyme
activity was tested (P. Z, 600). The' precipitate'
was suspended in 50 ml distilled water and again
fractionally precipitated with ethanol under the
same conditions as mentioned above except that
the fractions were collected between 0 and t·3
vol (fraction A) and between 1.3 and 2.2 vol
.Iraction B). These Irar tions wert' dried ill vacuo
(activity or fraction A. P. Z. 100; and
fraction B, P. Z, goo). Fraction B was dissolved
in 20 ml H20 and again fractionated with ethanol.
The precipitate with 1.5 \'01 (fraction C) and
between 1.5 and 2 vol ethanol (fraction D) were
collected dried in. vacuo and the activitv tested.
(fraction' C. P. Z. 410: fraction D. P. r: r ooo :
Fraction D weighed about 1.')0 mg.

Existence of Xlultipl: Components of Hors. -radi sh
Peroxidase

Gel clccuophorcxis was used to test tilt' purit ,
of fraction D. Figure t ..hows the electrophoretic
pattern. Component I moved towards tho auodo
and the rest or the other components 2. ~'l· I
and .'i moved towards the cathode.

+ 2 4 5

a 0 ~ D 0

Fig. I.-Sepraphore III get elcctronhoreiic pattern of
PUI ified horse-radish pcrcxidusc.

Separation of the Mutip!r Components of HOI"\(-

radish Peroxidase

prcparat ion were separated by using Ion
exchange column chromatography. Car-
boxymethyl cellulose (Carl Schleicher & Schue II)
powder (standard grade) was used. The powder
was equilibrated with buffer sodium acetate
P.H -1:.6 30 ml i xt acetic acid and [.1 ml 1M

);aOH,. The column was filled with buffer.
and then carboxymethyl cellulose was introduced
and allowed to sot t lc without pressure until no
further decrease in volume was noticed. Theil
the column was washed [or some hours with cold
distilled water in the cold room. The horseradish
peroxidase was d ialvsorl against H20 ovcrn iglu .

The enzyme sample was appl icd on iho column.
and by using the fraction collector H20 was used
as eluting material. A distinct brown band
.\ goes down rapidly with H20 and the rest of
the material on the top of the' column does not
move at all. When the eluted material became
colorless, the coloumn wax treated with O.IM

acetate buffer (pH -1.2). .\t this lower pH,
component C and component D moved hardly
at all. but component B came down as a di'aillc'l
sharp band.

The pH of till' acetate buffer wa-, changed LO

+(j components C and D began to separate and.
moved down. Component C moved much fa'-
tcr than D. \Vhen c: was down all th- \I'ay, the
pH of the' buffer was changed to pH .]..9 to "peed
up the mobility of D,

Only lour fraction, were separated b~' Lblllg
the fraction collector while the fifth protein locai-
r-d on the electrophoretic pau.ern was too small
to be detected on the column. The porte-in
come III of the differcn t componen ts in the eluted
material was examined by using a Beckman spec-
t rophotornctcr. and t he protein absorba 11('(' a I

~80 m; was measured (Fil!·. 2 .

Concentration ejFractions. -The diluent fractious
were concentrated by precipitation with 70~o
staiurcd ammonium sulphate and the precipi-
tates were redissolved in vmall quantities or
distilled water and d ialyscd against water O\·E'I'-

l1iglll.

Electrophoresis 0/ Isolated Components. -For iden-
tifying the separated components. r-lccuopho-
resis ,,'as conducted on each separate component
and a comparison was made between each of
these strips and the strip of the original e11Z\"l111'
preparation before Iractiouatioun I Fig. :3

Crystalli zation of Horse-Radish Peroxidase

Tho main purpose or tlli, wo rk vva-, to prep.u e
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Fig, 3.-Diagram demonstrating the purity and location
of pure components. Etcctronhoresi- carried out 011 0.1 \1

acetate buffer pH 5.0,

a stable preparation or highly purified Cl vsrallinc
peroxidase, Attempts were made to cr-ystallize
the peroxidase from the isolated componen ts,
Different experiments were set up using thl'
salting out technique by ammonium sulphate, ming
different concentrations of onz ymr- salution-
with different concentrations of ammonium
sulphate, .\ solu t ion of 15 mg,ml horse-radish
peroxidase at 550

0 saturation of ammonium
sulphate showed the characteristic shimmer of a
crystalline suspension after three weeks. Micro-
scopical examination showed that the supscndorl
material consisted of vory fino nccd lcs

,\ <implc met hod i, described for the pre-
partition of pure peroxidase from horse-radish
roots It avoids the me 'If T(',ciiu" clcctropho-
rcsis and com idcrably reduce, the numbr-r of
preparation steps. The method dr-pr-nds on the
removal of inactive material from the crude
extract by precipitation with a mixture of chloro-
form and ethanol, and fractional prr-cipiratiou
with ammon ium su lphat (' and ethanol.

The U' c of the electrophoresis techniq uc- 011

cellulose acetate strips revealed tho prr<f'nce of fivo
d iIforcn t band- on tho strip"

Four out of fin' components of the enzyme
proteins were seporatcd. The fifth was LOO small
LO be detected, Thcv were separated most COIl-

vonir-n t lv in the pH range of +2 and -+,0,

.\11 attempt was made to gr<J\r the crystals
or these single band components of horse-radish
peroxidase. Under the condition of I,) mgrml
and 5500 ammonium sulphate saturation. some
\'r,-y fine crvstals were obtained after J weeks,
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