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Abstract:

Mpyrosinase of high purity was isolated from seeds of yellow Oriental mustard,. Brassica juncea, by the
following sequence of purification steps: (1) water extraction of the milled oil-free seeds, (2)
ammdnium sulfate precipitation (40-80% saturated fraction recovered), (3) ethanol precipitation (50%
fraction recovered), (4) step-wise elution from carboxymethylcellu-lose, and(5) gel filtration through
Sephadex G-200. The enzyme-preparation, appeared to contain thioglucosidase and sulfatase activity
when incubated with sinigrin solution at 3 7°C; however, separation of the two enzymes was not
accomplished. A 250-fold purification of thioglucosidase and a 115-fold purification of sulfatase were
obtained.

Mpyrosinase isolated in this work was estimated to have a molecular weight of 320,000 + 15,000 by a
gel filtration technique-and contained 19.2% carbohydrate. Analyses by paper and gas-liquid
chromatography showed the carbohydrate to include residues of L-arabinose, L-fucose, D-xylose,
D-mannose, D-galactose, D-glucose,-D-glucosamine, and N-acetyl-neuram-inic acid. Amino acid
analysis revealed a high glutamic and aspartic acid content and a low percentage of sulfur-containing
amino acids.

Digestion of myrosinase with a Streptomyces griseus protease and subsequent fractionation by a series
of gel filtrations served to partially characterize the carbohydrate present. Major amounts of the
carbohydrate appeared to be present as an associated heteropolysaccharide with an approximate
molecular weight of 55,000. This polysaccharide contained L-arabinose, D-xylose, D-glucose, and
D-galactose. Carbohydrate moities with molecular weights of approximately 1000 were indicated as
present.. These contained D-xylose, L-fucose, D-mannose,. D-glucose, D-glucosamine , and
N-acetyl-neuraminic acid; however, specific assignment of sugars to a particular moiety, or moieties to
a particular enzyme, was not accomplished. The high carbohydrate content (85%) and the presence of
serine, threonine, aspartic and glutamic acids in this oligosaccharide mixture suggested
covalently-bound carbohydrate in myrosinase similar to that in known glycoproteins.

Treatment of myrosinase with 8 M urea solution followed by gel filtration appeared to free a large
polysaccharide from most protein present. Studies with urea supported the results obtained from the
protease digest.
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ABSTRACT

"Myrosinase of high purity was isolated from seeds of yellow Oriental
mustard, Brassica juncea, by the following sequence of purification steps:
(1) water extraction of the milled oil-free seeds, (2) ammonium sulfate pre-
cipitation.(40-80% saturated fraction recovered), (3) ethanol precipitation
(50% fraction recovered), (4) step~wise elution from carboxymethylcellu-
lose,. and ' (5) gel filtration through Sephadex G-200. The enzyme prepara-
tion.appeared to contain thioglucosidase and sulfatase gctivity when incu—
bated with sinigrin solution.at 37°C; however, separation of the two en-
.zymes was not accomplished.. A 250-fold purification of thloglucosidase

-and a 115~fold purification of sulfatase were obtalned

Myrosinase isolated in this work was estimated to have a molecular
weight of 320,000 % 15,000 by a gel filtration technique:and contained 19.2%
carbohydrate. Analyses by paper and gas-liquid chromatography showed the
carbohydrate to include residues of L-~arabinose, L~fucose,. D-xylose, D=
mannose, D-galactose, D-glucose, D~glucosamine, and N-acetyl-neuram-
inic acid. Amino acid analysis revealed a high glutamic and aspartic acid
content and a low percentage of sulfur-containing amino acids.

Digestion of myrosinase with a.Streptomyces griseus protease and:
. subsequent fractionation by a series of gel filtrations served to partially
characterize the carbohydrate present. Major amounts of the carbohydrate
. appeared to be present as an associated heteropolysaccharide with an ap-
proximate molecular weight of 55,000. This polysaccharide contained L-
arabinose,. D-xylose, D-glucose, and D-galactose. Carbohydrate moities
with molecular weights of approximately 1000 were indicated as present..
These contained D-xylose, L-fucose, D-mannose, D-glucose, D-glucos-
amine, and N-acetyl-neuraminic acid; however, specific assignment of
sugars to a particular moiety, or moieties to a particular enzyme, was not ac-
complished. The high carbohydrate content (85%) and the presence of ser-
ine, threonine,. aspartic and glutamic acids in this oligosaccharide mixture
suggested covalently-bound carbohydrate-in myrosinase similar to that in
known glycoproteins.

Treatment of myrosinase with 8 M urea solution followed by gel filtra-
tion appeared to free a large polysaccharide from most protein present.
Studies with urea supported the results obtained from the protease digest.




INTRODUCTION

Myrosinase is the enzyme system present in several members of

Cruciferae, Tropaeolaceae, Capparidaceae and Resedaceae which is re~

sponsible for the breakdown of mustard oil glucosides (I) into glucose, in-

organic sulfate and organic isothiocyanate (Gmelin and Virtanen, 1959).

H
HO H20H
0
H H
HO -
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H  N-0-s0g
I

Allyl isbthiocyanate can be isolated from mustard seed, but observa-
tions over a century ago on black mustard revealed that this volatile mus~-
tard oil did not occur free in the intact seed (Boutron-Charland and Robi-
quet, 1831; Faure, 1831). These workers showed that isothiocyanate was
liberated only when crushed seeds were suspended in water. In addition,
they observed that if the crushed seeds were pretreated with protein-
denaturing reagents, mustard oil liberation was prevented in the subsequent
water suspension.

A glucoside isolated from black mustard seed provided evidence that

glucose and inorganic sulfate were associated with the isothiocyanate in

the seed (Bussy, 1840). Bussy discovered that a mixture of this glucoside
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-and a water-soluble protein extract from mustard seed caused the appear-
ance of glucose, inorganic sulfate and allyl isothiocyanate. The glucoside
was named as the salt of myronic.-acid and this later led to naming its hy-
drolyzing enzyme, myrosin. Today this glucoside is known as sinigrin (I,
whereR=CH2=CH—CH2—. As a result, the enzyme system has been variously
referred to as myrosin, myrosinase or sinigringse. .

Initial studies on myrosinase suggested the presence of two enzymes,

a thioglucosidase and a sulfatase (von Euler and Er:jtckson, 1926). Sandberg
.and - Holly (1932) confirmed these results and, shortly thereafter,. actual
separation of thioglucosidasé activity from sulfatase activity was reported
(Neuberg and Schoenebeck, 19.33) .
. After two decades of aéparent acceptance, the two-enzyme character

of myrosinase was questioned (Ettlinger and Lundeen, '1956; 1957). One en~ .
zyme, a thioglucosidase, was postulated to act followed by a stabilizing
non~enzymatic rearrangement that liberated sulfate and formed allyl isothio-
cyanate . Experimental data appeared later to support this premise (Naga-
shima and Uchiyama, 1959a-d).

New evidence for a two-enzyme system was obtéined when methods
different from those of Néuberg and. Schoenebeck allowed separation of.the
two apparent enzyme activities in yellow Oriental mustard seed,.Brassica

. juncea (Gaines and Goering, 1960; Gaines, 1960). When incubated indi-
vidually with sinigrin, these enzymes relea sed only one of the characteris~

tic products, glucose or inorganic sulfate; however, if they were -mixed to-

gether prior to incubation complete hydrolysis of sinigrin was achieved.
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Each enzyme was shown to possess hydrolyticactivifcy toward se\}eral s'yh—
thetic substrates (Gaines, 1960; Gaines and Goering, 1960; 1962).

The disagreement between the; one-enzyme and the two-enzyme
theories is still not settled,

The thioglucosidase preparation of Gaines and.Goering (1962) behaved ..
generally as a B8-glucosidase and in common with some other ,B-glucosi- o
dases (Helferich, 1943) was shown to contain carbohydrate ('Gaines, 1960).
Many glycosidases are associated with polysaccharides which seem to
stabilize these systems. If for some reason this carbohydrate is eliminated
during purification frequently the enzyme system becomes unstable. In most
cases it is not known how these polysaccharides are attached fo the protein
moiety and it is conceivable that-many of these systems afe-mixfures_of '
polysaccharides and protein rather than. spe'cifiq:-molécular entities (Fishér
and. Stein, 1960). | | |

Huotari (1962) obtained evidence for_ covalentls}abonded cafbohﬁrdrate
in the thioglucosida se' from yellow Ofiéntal mustard seed:. This _carbohy4

-drate appeared to be present as an oligosaccharide which was free of sialic

acid and accounted for one percent‘of the thioglucosidase preparation. In
the same work, galactose, arabinose, hexosamine and ufonic acid were re-
ported to be present in the carbohydrate moiety. |

Proteins containiﬁg tightly'—bbund carbohydréte are numerous and have '
been known for many yvears. They are constituents of blood plasma, mucous,
cell wall material, connective tissue-and include some hormones, blood'
group substances, antibodies, as well as enzymes. Since these compounds‘

are part of many vital processes in living things, their structure and
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metabolism gre of interest. Enzymes containing carbohydrate are bf added
interest since their carbohydrate moieties may serve in the enzymes' active
sites, Helferich et al. (1935) suggested that the carbohydrate grouping of /)’—
glucosidases may act as a "seeding" site necessary for enzyme activity.
However, preliminary studies involving a mild periodate treatment of carbo-
hydrate-containing enzymes seerﬁed to indicate that the carbohydrate was
not essential for enzyme activity (Pazuret al., 1963).

Prior to 1950, studies on proteins containing carbohydrate were pri-
marily descriptive and have been adequately reviewed (Levene, 1926;
Mevyer, 1945; Stacey, 1946; Bettelheim~Jevons, 1958). These authors point
out the confused nomenclature which exists in this field. Schmid (1964) has
used the term "'glyéoproteins” to describe ". , . proteins, excluding nucleo-
proteins, that carry covalently=bound carbohydrate". Numerous glﬁ:oprote—
ins have been discovered, but only three ofv these are ]{nown to have enzyme
~ activity. They aré Taka-amylase A (Tsugita and Akabori, 1959), aci'dﬁdeox‘y—
ribonuclease (Bernardi et al., 1965) and glucose oxidase (Pazur e_t'a_i.,l965)‘.
The significant amount of carbohydrate that is apparently linked cox'zalently
in the enzyme myrosinase s'uggests that this system might be classified as
a glycoprotein.

The p,ul;pose of this research was to further investigate the two~-
enzyme character of myrosinase and the nature of the carbohydrate-protein

complex which is present.




MATERIALS AND METHODS

‘Assay for Myrosinase Activity

Enzymatic hydrolysis of sinigrin by myrosinase liberates glucose, in-
organic sulfate and allyl isothiocyanate. Enzyme assays were made on in~
cubation mixtures prepared by warming 0.2 ml of myrosinase solution with
0.5 ml of sinigrin solution (20 mg per ml) at 379C. . Solutions were in 0.05 M
sodium citrate buffer, pH 6.1. Incubation times were varied to prevent total
hydrolysis of substrate. The reaction was stopped with dinitrosalicylic acid
solution when assaying thioglucosidase activity and with trichloroacetic
acid solut.io.nr When assaying sulfatase activity.

Sinigrin was obtaine'd from Mann Research Laboratories, California
Corporation for Biochemical Research, and Aldrich Chemical Company, Inc.
Bach sinigrin preparation was checked for purity by paper chromatography,
along with a blank reaction containing assay reagents.

Glucose liberated by the water enzyme extract was determined by
guantitative paper chromatography (Whistler and BeMiller, 1962) using n~
butanol-pyridine-water (6:4:3, v/v) solvent and the phenol-sulfuric acid
colorimetric procedure. The dinitrosalicylic acid method (Summer, 1925) was
used to assay glucose at the other stages of enzyme purification. Sulfate
was analyzed turbidimetrically as barium sulfate (Dodgson, 1961). Allyl
isothiocyanate was not determined, although its odor was evident during
every incubétion iﬁ which glucose and sulfate were liberated.

Specific activity of myrosinase was calculated as previously done by

Gaines and Goering (1962), wherein a unit of enzyme activity was defined
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as that amount of enzyme which catalyzed the hydrolysis of 5 mg of sub-

strate per hour at 37°C.

Protein Assays

Q,uant,itatyve‘ anélyéis for prote'in- (Lowry gg-_:gl.,. 195 1) wa S. accom-
plished uslihg‘phenol"rélégér;'ic ok;tainéd fré)rél 'fhe"ﬁé~1;°'c‘.fﬁé;1%Ledd<>.;1'1"Cémﬁény,
Philadelphia, with egg albumin (Califo‘rnia Corporation for Biocher;nical Re-
search,- B Gfade, 5X fecrystallized) as the standard. In dilute solution
(€0.10 mg protein/ml), Kalckar's (1947) approximation provided a convenient
aﬁd adequate protein determination. '

Prétein eluted from various chromatographic columns was followed by
‘by optical density measurements at 280 my in either a Beckman Model DB or

Model DK-2. spectrophotometer.

Carbohydrate Assay

The phenol-sulfuric acid method of Dubois et al. (19'5 6) was used for
guantitative analysis of carbohydrate in myrosinase. This method allowed
the determination of carbohydrate without interference from protein (Keen

and Opie, 1957). A composite sugar mixture containing galactose, mannose,

- arabinose, xylose, glucose, fucose and glucosamine was used.to prepare a

standardization curvé for this technique. The reaction mixture was prepared
by mixing 1 ml of solution containing carbohydrate (10-100 g.g) with 1 ml of
5% redistiiled phenol and thgn rapidly adding 5 ml of 95.0-98.0% sulfuric
acid. After 10 minﬁtes the solution was cooled for 30 minutes in running

tap water. The optical density of the -ainber-colorc_ed solution was read at
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490 my on a Beckman Model DB spectrophotometer. Carbohydrate eluted '

during column chromatography was followed by the same method.

- Preparation of Jon-Exchange Celluloses
Diethylaminoethylcellulose (DEAE~-cellulose) obtained from Eastman
Organic Chemicals and carboxymethylcellulose (CM~-cellulose) obtained |
from Sigma Chemical Company were both prepared for use in the recom--
mended manner (Peterson and. Sober, 1962) pripr to equilibratién in the de-
| sired buffer.

An ion-exchange cellulose column was packed by filling the glass
tube to one;third its volume with starting buffer and then adding the slurry
of equilibrated ion-exchange material. The column stopcock was opened
‘ and the colﬁmn allowed to pack with occasional tapping to remove occluded
air bubbles.. Every column was equilibrated by allowing buffer to flow
through it overnight at the rate used during ch.roma‘tdgraphy. CM-=-cellulose
was regenerated (Peterson and Sober, 1962) once; i.e., used two times,
then discarded because its ion-exchange proberties seemed to change With '

extended use. All elutions were run at room temperature .

" Preparation of Gel Filtration Media

Two types of gel filtration material were used in this work; dextrans
of various cross linkage (Sephadex) pt.}rchased from Pharmaéia Fine Chemi~
cals, Inc. and polyacrylamide (Bio-Gel P-300, 50-150 mesh) purchased from
Bio-Rad.Laboratories.

These materials were suspended in the eluting solvent to be used and

were allowed to swell at least 3 hours in the case of gels with small pore
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size (Sephadex G-15 and G-25) or at least 18 hours in the case of the gels
with larger pore size. Sephadex preparations ha.d to be "washed" free of
‘fine particles to prevent plugging of their packed columns.. "Washing" was
accomplished in three repeated steps: (1) Suspension of Sephadex in the
elution solvent, (2) a 30-minute settling of heavier particles, and (3) de~
cantation of the supernatant solution which contained fine particles. Five
or six repetitions of these steps were usually suffi-cient'.

A column was packed‘by filling the glaés tube to Qne;third its volume
with eluting solvent and then.adding a slurry of the gel to be used.. After
the gel had settled to a depth of 1-2 cm, the eluting solvent was allowed to
flow. The formed column was equilibrated before use by passing solvent
through it for at least 12 hours. All eluti‘o_ns wéfe performed at room temper-

ture.

Electrophoresis Pro‘cedures

A. Ionic nature of .crude myrosinase

" The ionic nafure of the components in crude myrosinase was checked
in a Gelman.electrophoresis apparatus. This qnit was equipped with Sepra-
phore III (microporous cellulose acetate) strips in.sodium barbitol-acetate
buffer, pH. 8.2, and run at 100 voifs and 4-5 milliamps per strip fér two hours
at room temperature.. Approximately 25 ug of protein in 0.05 M sodiurﬁ cit-
rate buffer, pH 6.3, were abplied per strip. Protein was detected on the un-
developed cellulose acetate strip with Amido Schwarz stain (100 mg Amido

: Schwarz per 100 ml 10% acetic acid).




9
B. Qualitative analysis for hexosamine

Paper electrophoresis has been used to separate and identifyhexos—
amines (Ohkuma and Shinohara, 1963). This procedure was used with slight
modification in the present invest:i_gation. A. Spinco Model R paper'electrol-
phoresis apparatus was equipped with eight Beckmén-#BZ 0046'paper strips
and 0.025 M sodium tetraborate electrolyte, pH 9.,2. After allowing this
system to equilibrate for an hour, the sample was applied as a stripe with a
- Spinco sample striper (Part No. 300-805), immediately covered with a stripe
of 1% (v/v) acetic anhydride in acetone solution, and allowed to stand for
10 minutes before subjecting it to 200 volts for six hours at room tempera-
ture. The paper strip was dried for five minutes at 95°C, cooled and the N-
acetyl-hexosamine bands located by staining with p-dimethylaminobenzalde-
hyde reagent (Partridge, 1948). This reagent caused darkeniné of the entire
paper strip after 10-15 minutes, thereby maSking th,e. bands whicﬁ were in-
itially evident. In this system N-acetyl-D-glucosamine migrated about 1 cm
from the origin toward the negative electrode. N-acetyl-D-galactosamine
migrated -about 1.5 cm toward the positive electrode. Ohkuma and.Shinohara
(1963) have reported that N-acetyl-D-mannosamine migrated to the positive
electrode more-rapidly than N-acetyl-D~galactosamine.

C. Homogeneity of purified myrosinase '

Disk electrophoresis on polyacrylamiae gels was used to check homd-
geneity of the purified myrosinase. Preparation and use of 2-amino-2-
(hydroxymethyl)-1,3 propahediol (TRIS)-glycine buffer, polyacrylamide gels
and.Amido Schwarz staining solution for protein have been previoqsly de-

scribed‘. (Davis, 1964). Approximately 1.4 mg of purified myrosinase were
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equilibrated overnight with TRIS~glycine buffer, pH 8.3, before being sub-
jected to 160 volts at 28 milliamps per 8 tubes for 55 minutes at room tem-

perature.

Paper Chromatography Techniques

Four solvent systems were used for descending paper chromatography
during this investigation. Normal butanol-pyridine-water (6:4:3, v/v) was
used for most routine. sugar analyses. Ethyl acetate-pyridine-water (8:2:1,
v/v) and n-butanol-acetic acid-water (5:1:2, V/v) served to confirm the |
identity of sugars present. Uronic acid chromatograms were run in isopropyl
alcohol-pyridine~-acetic 'acid'-water (8:8:1:4, v/v) solvent. Whatman #1 fil-
ter paper was used throughout this work and the elutions Were usually run
for 24 hours.

Reducing s'ugars were reyeale_d on paper chromatogréms by the CD-1
reagent of Gordon et al. (1956). The air~dried chromatograms ‘were dipped in
CD-1 reagent, dried at room temperature in the hood and the spots develj_
oped by heating with a Master blower heater. Unknown sugars were c.:léss'i—-.
fied by color of their CD-1 spots. A sugar was considered identified if,
when .a known sugar was spotted on the paper with the unknown mixture, in~-
tensification of the same spot occurred in three of the solvent systems men-

tioned previously.

Amino Acid Analysis

Amino acids were determined by the method of Moore and Stein (1954),
with an Auto Analyzer (Technicon Chromatography Corporation). Samples

were hydrolyzed in sealed evac_:uated tubes with constant boiling
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hydrochloric acid at 110°C. Hydrolyzed samples were freeze-dried, taken
up in distilled water and freeze~dried a second time. The aqueous solution
(0.6 ml) of the HCl~free hycirolyzate was épplied to the Dowex 50x12 coiumn

(60°C) and eluted from the column with a pH gradient provided by 0.05 M
sodium citrate buffer from pH 2.88 to pH 3.80 and by 0.05 M sodium citrate-

0.6M sodium chloride buffer from pH 3.80 to pH 5.00.

. Sedimentation Studies

The homogeneity of the myrosinase preparation was studied by record-
ing its sedimentation at 59,780 rpm in a Spinco Model E analytical ultra~.
centrifuge equipped with a single sector cell maintained atA,S-SOC .- Solu-~
tions were prepared by dissolving the en;yrﬁe in 0.05 M sodium phosphate
Abuffer, pPH 5.7-5.9, at 50C. The sample was place in the centrifuge following
a one-hour dial_ysis against the same phosphate buffer. Pictures of the de-
veloping sedimentation pattern were taken at various time intervals after the

rotor had reached 59,780 rpm.

Gas—~Liguid Chromatography of Carbohydrates

Gas-liquid chromatography of their O-trimethylsilyl derivativeé has
provided separation and identification of a number of carbohydrates (Hedgley
and Overend, 1960; Sweeley_e__t_é_a_;” 1963; Bentley et al., 1963; Sweeley and
Wélker, 1964). This technique has been recen;cly applied to investigations
on glycoproteins (Bolton etal., 1965).. A similar a:pproach was taken in the
present investigation when analyzing the monosaccharide units of purified

myrosinase.
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- A sample (usually containing 200-400 Mg of carbohydrate) was hydro-
lyzed by refluxing with 5 ml of 3.1% (w/w) methanolic hydrogen chloride
prepared by bubbling anhyci"rous HCI1 gas into anhydrous methanol at 0°C.
Unless otherwise specifie’d, refluxing lasted for 24 hours. After evaporation
under a stream of nitrogen gés, the residue was dried for six hours in a

vacuum desiccator equipped with anhydrous CaClg and NaOH pelléts . The

resultant irnethyl glycosides were treated with 1 ml of methanol-acetic anhy-

dride (3:1, v/v) solution containing a few milligrams of silver acetate. This
treatment lasted 24 hours at room temperature.and was performed in orderjto
acetylate any material tha‘; might have been de-N-acetylated during hydro-
lysis, (White, 1940). Following filtration through sintered glass, the filtrate
~ was evaporated in a stream of nitrogen gas and dried 1n a vacuum desiccator
for 24 hours. Trimethylsilyl ethers of the glycoside mixturé'were pfebare,d
by a'10-minute treatment With 0.10 ml of a pyridine—trimethylchlorosilane-
hexamethyldisilazane (5:1:1, v/v) mixture., (Reagent grade pyridine_ was re-
distilled from BaO and stored over KOH pellets prior to use. Trimethyle ..
chlorosilane and hexamethyldisilazane were used as received from K and .K

Laboratories, Inc.). The trimethylsilylation mixture contained a gray to

brown precipitate which was probably ammonium chloride and reduced silver

ion. Kagan and Mabry (1965) have reported that this precipitate does not
, interfere with guantitative results obtained.
All analyses were performed in a F'aind M Biomedical Model 400 gas
| chromatograph equibped with temperature programming, a flame ionization

detector and a U-shaped glass column (105x 0.4 cm) packed with 3.8% SE-30
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silicone on Gas Chrome Q (100~120 mesh). Helium served as carrier gas
and was maintained at a flow rate of 70-72 ml per minute. Aliquots (0.8-1.1
pl) of the triinethylsilylation mixture were injected into the column at 100°C
and, after a 2-minute deléy, the column temperature was programmed (3°C
per minute) to 200°C. '‘Qualitative analyses were initiated at 15060 and, af-
ter a 10-minute delay, programmed (7.5°9C per minute) to 200°C. Quantita-
tive determinatiohs required greater separation of peaks provided by the
lower initial temperature.

The peaks obtained were identified by comparing their retention times
with those of known substances prepared in the manner described above.
Relative amounts of the sugars present in various unknown preparations
were determined_ directly from integrator 'readings. on a Sargent Model: SR

recorder..




EXPERIMENTAL

Extraction and Purification of Myrosinase

Thirty-one kilograms of yellow Oriental mus‘tard seed, Brassica
juncea, were ground into a coars'e meal and defétted with Skellﬂf’B éolVent'
in. a. Soxhlet extractor, After a ten-hour air drying‘, .the 10 kg of def_attéd
meal were milled to a powder, suspendedAin 91 liters ofvdistill_ed wéfer
(440C) and mechaniéa‘lly stirred for seven hours. A 'major portion of the
debris in the resulting. slurry was removed by Centrifugation. The-i’efnaining
. debris was allowed to settle for 12 hours at 5°C..A clear amber-colored su-.
pernatant solution resulted and was collectéd by decantation. This super~
natant solution plus one water wash constituted the enzyme~¢ontaining
water extract. The water extract (44 liters) was cooled. to 5°C and treated -
with 10.7 kg NH4)ZSO4 to give 40% saturat1on Precipitated protein was re-
moved.in a Westphalia centrlfuge and dlscarded Ammonium sulfate (11 6 kg).'
was added to the 40% saturated solutlon to give 80% saturatlon. ‘The
enzyme-containing ‘precipitate was collected by centrifugathion,, dissélved in
22 litérs of distilled water and dialyzed for 24 hours against. cold running
tap water. . An equél volume of absolute ethanol .(5°C) was slowly added to
the protein solution (15°C). After mJ'xi,ng.for 30 minutes, the precipitate was
recovered by centrifugation‘, dissolved in distilled 'v_\}ater (5 liters) and dried
under forced air at room temperature in aiuminum trays. After 36 hours, 87
grams of clear, amber—colore‘d', flaky crude myrosinase were obtained.

Fractionafion of crude myrosinase on DEAE-—cel'lulose was used in an

attempt to separate thioglucosidase and sulfatase activity as previously
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reported (Gaines and.Goering, 1960). Protein was recovered as a single
fraction when eluted from the column witl;z 0.05 M sodium citrate buffer,
pH 6.3. Eléctrophoresis on c-:ellulose aéetate strips (See "Materials and
Methods") showed this protein in pH 6.3 solution to behave as a cation.
This information suggested the use of ion—éxé:hahge technique_s on CM~
cellulose.

Four-gram portions of crude myrosina se v‘v'ere dissolved in aﬁp'roxi—
mately 75 ml Aof’ 0.05 M sodiﬁm citrate buffer, pH 4,3, and placed on CM-
cellulose columns (30x 3.4 cm) equilibréted with the same bu’ffei*.. frdtein
was eluted from the columns (2 ml/min) in thrée steps: '(i) 0.05 M sodium
citrate buffef, pH 4.3, (2) 0.05 M sodium citrate buffer, pH 5.8, and (3)
© 0.05 M.sodi'um\citrate—l M sodium chloride buffer, pH 6.8. Figu‘re.l illus- -

trates the typical elution pattern obtained. Major amounts of erilzyme ap—l
peared in the protein eluted at pH 5.3 and this was dlalyzéd, concen.’ltra.te'd
by bléwing air over the dial-ysis bag cqntaining thé en"zyme',' and freezév '
dried. Approximately 2 g of enzyme-containing pfotein (-‘CMC—Z) resulted
from fractionation of 30 g of crude myrosiﬁése; Sedimentation in an nultra— '
centrifuge revealed at least three components in CMC-2 (Figure ZA).. Gel
filtration threugh- Sephadex G-200 t60x 3.9 cm) equilibrated with 0.05 M so-~
dium citrate buffer, pH 6.1, separated CMC-2 lin-to at least three fractions
(Figure 3). Ten-milliliter aliquots were collected at a rate of 30 ml per hour.
Enzyme activity appeared entirely with thé protein eluted in the first peak.

. An ivory-tan, flaky material (305 mg) was obtained after dialyzing, concen-
trating and freeze-drying this_portion. Homogeneity of the enZyme was again

checked in an ultracentrifuge (Figure 2B). Ion-exchange chromatography was
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Figure 1. Fractionation of crude myrosinase by step-wise elution from
CM-cellulose.
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attempted on DEAE-cellulose using sodium citrate buffer, pH 6.1, as the

eluting agent; but again, this failed to separate thioglucosidase from sul-

fatase activity (Figure 4).

T a0y R

Gl "l TR

Figure 2. Sedimentation patterns of myrosinase preparations. Centrifuge

" speed was 59,780 rpm. Time of photographs after attaining speed given in
parentheses: 1 (15 min), 2 (23 min), 3 (31 min), 4 (3 min), 5 (11 min),

6 (19 min). A. Experiment conducted at 5°C in 0.1 M phosphate buffer,

pH 5.7, with CMC-2 concentration of 9 mg/ml. B. Experiment conducted at

309C in 0.05 M phosphate buffer, pH 5.9, with purified myrosinase concentra-
tion of 6 mg/ml.
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Figure 3. Gel filtration of CMC-2 on Sephadex G-200.
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Figure 4. Elution of purified myrosinase from DEAE-cellulose with 0.05 M
sodium citrate buffer, pH 6.1.

Disk electrophoresis performed on polyacrylamide gel in 0.10 M TRIS-
glycine buffer, pH 8.3, revealed heterogeneity in the enzyme preparation
(Figure 5). Each of the five bands appeared to exhibit myrosinase activity.
Enzyme activity was ascertained by cutting the bands from a gel using a
stained gel as reference. Each band was suspended in 1.0 ml 0.05 M sodium
citrate buffer, pH 6.1, which contained 10 mg of sinigrin and incubated at
379C for 36 hours. Enzyme activity was detected by smelling the incubation

vial.
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ﬁ origin

Figure 5. Disk electrophoresis of purified myrosinase on polyacrylamide
gel at pH 8.3.

No further purification of the enzyme was attempted. Table I summa-
rizes the purification of myrosinase from a second batch of mustard seed
(36 kg) treated in the above manner. The enzyme preparation from gel filtra-
tion on Sephadex G-200 was referred to as "purified myrosinase" during this

work .

Chemical Composition of Myrosinase

A. Moisture content
Duplicate samples of purified myrosinase were analyzed for moisture
content by an indirect weight-loss method. The samples were weighed in a
previously weighed vial and placed in an oven at 104°C for 12 hours. Fol-
lowing a one-hour cooling period in a desiccator the samples were weighed
and dried an additional six hours. No additional water was lost during the
second drying time. Duplicate samples dried for 17 hours at 100°C in a

vacuum oven gave comparable results. Moisture content of the enzyme pre-

paration is given in Table II.




Table I. Purification of Brassica juncea_ Mpyrosinase

Sephadex G-200

-3.62

1.57 320 2.30

Volume Units?/ml Total Units Proteind Specific Activity Specific Activity Yield Purification
- . " (units/mg protein) Ratio (%) .

..Step (liters) ~ TP . 8¢ T s  {mg/ml) T S T/S T s T S
1. Water Extract 149 387x107! 6.12x107! 57,700 91200 3060, 128x107% 2.00x10~2 0.64 100 100 1 1
2. 40-80% (NHA)2801 45 1.65 '2.42 52,900 77400 2640 626x1072 9,18x1072 0.68 91.6 850 49 46

Precipitation ' '

3. 50% Ethanol , el -1 -

Precipitation- 4.40 5.42 7.5 23,800 31,400 1500 3.61x107! 4.76x10 0.76 412 345. 280 240
4. CM-Cellulose 2.848. 2.77 185  .7,900 5550 156 178 125 142 137 61.139 -62
5. Gel Filtration 0.92¢ 5.00 4,600 3,330 1.40 80 36 250 115

3 Unit defined as that amount of enzyme reéuir_ed to hydrolyze 5 mg ‘'sinigrin per.hour at 379C. b Thioglucosidase activity. Glucose deter-

mined by quantitative paher chromatography in Step 1. Dini;msalicylic'écid reagent was used to determine glﬁqose in all other steps.
C Sulfatase activity. Sulfate determined turbidimefrically as BaSO4. 9 Protein determined by method of Lowry et al. {1951). € Value

extrapolated from portions of the 50% ethanol precipitate which were further purified.

1z
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Table II. Chemical Composition of Myrosinase

Number of

Percent : Methods Used
Protein 55.8 2
Carbohydrate ‘ 13.3 2
Water , 7.4 2
Citrate (Possible)® 8.2 1
Sodium ion (Possible)b 6.4 1
Total® . 91.1

8 Estimation based on amounts of arginine and lysine in myrosinase.
b Estimation based on amounts of aspartic, glitamic, sialic and citric acid
present. © Analyses for lipid, P, ihositol were all negative. '

B. Protein-amino acid content
Total nitrogen (8.92%) in purified myrosinase was determined by the
micro-Kjeldahl metliod ét Galbraith Laboratories, Inc.,  Knoxville, Tennessee.
The usual conversion factor (6.25) was used in calculating a percent protein
from the total nitrogen content of the enzyme preparation. This result is in-

cluded in Table II.

Amino‘ acids were analyzed by the method described in "Materials and
Methods". Percent protein (55.5%) based on amino acids récovered during
this analysis substantiated the results obtained by the micro-Kjeldahl
method. Three myrosinase samples were hydrolyzed for 24 hours and one
sample for 72 hours prior to analysis. The 72-hour hydrolysis revealed par-

tial destruction of some amino acids. Correlation of results from the
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72-hour and.24-hour hydrolyzates allowed extrapolation to zero time of hy-
drolysis when determining amounts of these labile amino acids. Tryptophan
was completely destroyed during hydrolysis and, therefore, was determined
independently by the spectrophotometric method of Goodwin and Morton
(1946). The amino acid composition of myrosina sé as determined in this in-

vestigation is given in Table III.

C. Carbohydrate content

| Analyses of carbohydrate in the presence of protein have usually been
_ accompalnied by many problems arising from chemical interaction between -
amino acids.and carbohydrate during hydrolysis (Gottschalk, 1963). In addi-
tion, separation of the resﬁltant monosaccharides from these side produdfé
and amino aqids has been fimejconsuming and prone to experimental-errof.
In the present investigation a method (see "Materials and Methods"-) was
used which ovércérﬁe some of_ these problems. Hydrolysis of myrosinase -
with methanolic HCl gavé the free monosaccharides as their methyl glycb—,
sides and partially degraded prbtein. Sub,sequent. formation of their O~
trimethylsi}yl ethers and anal‘ysis by gas-liquid chromatography allowed
separation, identification and determination of the guantitative ratios of
sugars present in the enzyme4preparation. . ‘

| Samples of myrosinase were hydrolyzed'fpr periods of 24, 48 and 72
houré before preparing therﬁ for gas-liquid chromatography. Typical éhroma-—
tograms obtained from these préparatiqns are shown inh Figures 6, 7 and 8.
Table IV gives values, as det.ermined by.gas-liquid chromatography, for the

relative percentages of each sugar unit present in the total carbohydrate.




Table III. Amino Acid.Composition of Myrosinase @

Amino Acid Amino Acyl - Amino Acid Nitrogen
(g/100g Glycoprotein) Residué ' : (% of

.Amino Acid 24 hr. 72 hr... 0 hr.P (g/100g.Glycoprotein) (mol/10,000g Glycoprotein) Total N)C
Aspartic acid 10.16 10.17 10.16 8.79 7.6 8.25 .
Threonine . 3.49 3.94 3.94 3.34 3.3 3.55

: Serine 5.09 4,58  5.35 4,44 5.1 5.47
Glutamic acid 15.77 16.99 16.99 1491 11.5 12.56
Proline 6.68 5.76 7.14 541 6.2 6.71
Glycine 5.15. 498 524 3.99 7.0. 7.56
Alanine 4.06 3.64 426 3.40 4.8 5.17
Valine 444  5.32 5.32 451 4.5 4,93
Hali-cystine. 1.00 f—— 1.00 0.86 0.8 0.92
Methionine 1.73 - 1.73 1.53 1.2 1.23
Isoleucine 3.08 3.96 3.96 3.42 3.0 3.24
Leucine 5.91 6.90 6.90 5.95 5.3 5.70
Tyrosine - 3.71 2.85 413 3.72 2.3 2.45
Phenylalanihe: 4.20 4,38 4,38 . 3.90 2.6 2.85
Ammonia 1.799  1.48d 1.94d -- - -
-Lysine 3.64 471 471 413 3.2 6.90

. Histidine 2.04 2.08 2.08 1.83 1.3 4.32
Arginine 5.25 5.15 5.35 4.80 3.1 13.26

. Tryptophan€ — -~ 1.83 1.67 0.9 1.93
_Totals 85.40 8541 94.47 ~ 80.60 -- 97.00

A Corrected to include only protein-carbohydrate content of preparation. b Results expressed as

extrapolations to zero time hydrolysis or at maximal recovery.

value omitted from total. € Determined by the method of Goodwin and Morton (1946).

C 12.98% N in preparation. 9 This

Ve
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Figure 6. Gas chromatogram of the trimethylsilyl derivatives from the 24-hour myrosinase hydroly-
zate. (1) ? Methyl citrate (2) Methyl R-L-arabinoside (3) Methyl B-L-fucoside (4) Methyl
X-D-xyloside (5) Methyl B-D-xyloside (6) Methyl @-D-mannoside (7) Methyl ocD-galactoside

(8) Methyl -B-D-galactoside (9) Methyl &-D-glucoside (10) Methyl ﬂ-D-glucoside (11) Methyl
(12) N-acetyl-neuraminic acid.

2-acetamido-2-deoxy-D-glucoside

eC
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Figure 7. Gas chromatogram of the trimethylsilyl derivatives from the 48-hour myrosinase hydro-
zate. See Figure 6 for identification of peaks.
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Figure 8. Gas chromatogram of the trimethylsilyl derivatives from the 72-hour myrosinase hydro-
zate. See Figure 6 for identification of peaks.
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Table 1V. Combdsition of the Carboh.ydrat_e Associated with Myrosina se‘..’ S

Hydrolyzed. Sugar?@ Average Sugar Alternate
(9/100g Carbohydrate) Content Qualitative

“Sugar 24 hr. 48 hr, 72 hr. (g/lOOg Carbohydrate) Analysis?P
L-arabinose 152 . 176 16.2 | 16.3 +
L-fucose ° ' 2.6 2.4 22 2.4 +
-D-xylose 5.9 4,8 (10.3)¢ 5.5 (+)

. D-mannose - (26.8)¢ 31.9 33.0 32.5° +
D-galactose (31.5)C 282  25.9 270 . r
D-glucose 10.9 13.9 11,7 12.2 +
D-glucosamined 2,7 - 1.1 0.9 1.6 +

© . Sialic acid® 49  --  -- | 49 -
_Totals 11005 999  100.2 . 102.4. - L=

@ Obtained by gas-liquid chromatography of residues from myrosinase as.
described in text. P Obtained by paper chromatography of CMC-2" hydroly-
zate as described in text; + = identified, (+) = tentative identity, - = riot -..
detected. © Values in parentheses not used in calculating average sugar h
- content, 9 Analyzed as the N-acetyl derivative. €-N-acetyl-neuraminic
acid. - : ‘

_CM-cellulose and éephadex G-200 might have.beén degraded in some
manner while being used in the purification of myrosinase and, therefore,
might have contaminated the enzyme preparatior; with ca’rb'ohydrate:.,. In order
to check this pbssibility, a blank was prepared by s.'u}:.>je<';_ting' a sample
which did not contain protein to the procedures which were used to purify
crude myrosina se. Analysis of this blank by gas-liquid chromatographﬂr
-showed only minor amounts of D-glucose to be preéent.

A standardization curve for the phenol-—su_lfﬁric acid method for total -

carbohydrate analysis was prépared by using a composite standard composed
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of the sugars (minus sialic acid) in their weight rafips after 24-hour hy-
drolysis as given in Table IV, Percent carbohydrate in myrosinase was de-

termined in triplicate and is recorded in Table II Estimates (approximately
11.5%) from gas. chromafograms substantiated these results.

Data from gas-liquid 'chromatography-sﬁpported eariier gualitative
evidence gained by acid hydrolysis of cMC-2, séparation by means of ion-
ekchange resins \(Simkin_e_e_‘gg_l_., 1964) and su‘bse;quernt.analysis Qf the. carbo-~
hydrate residues by paper chromatography and paper eléctro'phoresis . One.
hundred milligrams of CMC-2 were dissolv_ed in 15 ml O.Z-N HCI cgﬁntaining
0.95g Dowex 50Wx 8 (H+) ion-exchange resin and refluxed for‘ 24 hours. The‘
mixture was quantitatively filtered thrptigh a sintered glass funnel unto ;':1
Dowex 50Wx12 (H+) column (18x 1.6 cm) which dripped unto a Dowex 2 x 8
(HCOO™) column (24x i.6 cm).. After five 5-ml washes the funnel was re-
moved and the two-column system eluted with distilled water. The fif-st 30. _
ml were discarded and the next 120 ml collected. This neutral sugar fraction
was evaporated in a rotary evaporator, transferred in 6-7 ml of aqueous so-
lution to a srﬁali vial and dried under a stréam of nitrogen gas. The two
ion-exchange cblumné were disconnected and mounted for individual elu-
tion. I—Ie_};osamine and some amino acid's.. were eluted from t‘he Dowex .

50Wx12 with 2. N HCl. The first 20 ml of eluant _wefe discarded and the

next 120 ml were retained and concentrated in the same manner as the neu-

tral fraction. This was the hexosamine fraction. The Dowex 2 x8 column
was eluted with 1.2N formic acid to remove any uronic or sialic acids that

may have been retained from the original hydrolyzate. After discarding the

first 20 m] of eluant, the next 100 ml constituted the uronic acid fraction
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- and were concentrated in the usual manner. Methods which have been pre-
viously described were used to analyze each of these threé fractions. Neu-
‘tral sugar énd uronic acid fractions were analyzed by papef chromatography
and the hexosamine fraction was subjected to paper electrophoresis. All
migrating spots were identified and the results are included in Table IV.
. D. Miscellaneous analyses
Protein, carbohydrate and moisture accounted for about 76% of the
total weight of freeze-dried purified myrosinase. To account for the remain-
ing 24% some additional analyses were atfempted. |
Lipid material frquently accompanies protein during pro,teiln isolatioﬁl

. Since the mustard seed had a high oil content (approximately 30%), su‘éh
material could likely be present in the enzyme prepafation. A sample of‘
purified myrosinase (1.87 mg) ~was hydrolyzed With methanolic HCI in the
manner used during prepa'ration fér gas-liquid chromafogra'bhy of cafbohy— '
drates. After hydrolysis the dried résidue was 'dis'solv_e'd in .0.05' ml
chloroform-methanol éol’vent (2:1, v/v). A 3-ul sample and a 1-pl samble of
this solution were spotted on a thin—iayex; chromatogréphy plate coated with
-Absorbosil-3 contain.:lng 0.02% Rhodamine 6-G. ..Sarﬁples of stearic acid and
various standard fatty acid esters were spotted on the same plate. The |
plate was deVeldp.ed .for 30 minutes in a hexane-diethyl ether (7:3, v/v) sol-
vent. Detection of migrating species was 'made under ultraviole;c 1ight' and -
also by exposing the plafes to iodine vapor. The solvent caused extensi{ze
migration of the fatty acid esters ,and' a slight migration of the stearic acid.
No migrating components emerged frc;m the myrosinase hydrolyzate. To 'con—

firm these results a modification of the lipid extraction procedure of Folch




31

et al. (1957) was then attempted. A suspension of myrosmase (6. 75 mg) in
4,5 ml chloroform-methanol solvent (2:1, v/v) was agitated at intervals for 2
hours at 5°C..After centrifugation at slow speed, the supernatant solution
was decanted into a weighed vial and dried in a stream of nitrogen gas. A
fresh portion of solvent was gdded to the precipitate' and the proc‘edure re-
. peated 3 times. Each of the 3 supernatant solutions was oombirled“w_:_lth the. -
residue of previous supernatant solutions. After drying 8 hours in a vacuum
desiccator, no residue was detected by wei,ghi,ng'. -Therefore,. iipid‘was ruled
out as a major component in the myrosinase preparation. |

Inositol is also a common component of plant seeels and is usually
present as its hexaphosphate ester (Pigman, 1957). Gas-liquid chromatogra:—‘.'
phy ruled out the presence of inositol, and phosphorus was shown to be’ ab-
sent by a modified method of Flske and Subbarow (192 5) '

C1trate was present in the myrosmase preparatlon (Flgure 8) how-
ever, est1mat1ons from the gas chromatogram suggested that it would make
up only about 1. 5% of the total preparation. There was a poss1b111ty that the-
01trate peak obta1ned represented a more volatile c.ttrate der1vat1ve and that
addlttonal citrate may have been retained by the column Prior to freeze—‘
drying the myrosinase solutlon was d1alyzed aga1nst d1st111ed water to re-
move 01trate ions from the pH 61 solution. At this pH lysme (pKa3 10 5)
.and arg1n1ne (pKagz = 12.5) would possess: positively charged: groups (—NH3.)
which could serve to hold ions such as citrate. With this in mind, a calcu-
lation based on lysine and arginine content in the erosina se preparation',

was performed to see how much citrate could possibly have been bound

by these groups in a 1:1 molar association of -NH3+ and citrate. This
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calculation suggested that 8.2% of the enzyme preparation could have beei';
citrate. |
The high aspartic and glutamic acid content of myrosinasé offered

‘many free carboxylate groups capable of binding metal ions. In addition,

sialic and citric acid residues which were present would bind cations. So- -

.dium ion was the most prevalent metal ion encountered by the enzyme during .

purification. Calculations were made to see what percent of the myfosinase
preparation could bé due to the presénce of sodium. These calculations as-
sumed that sodium was bound by each free carboxylate gro'up of aspartic,
glutamic and sialic acids known to be preserit and _of .ci'tric acid_which was

probably present. Table II includes these results.

. Molecular Weight of Myrosinase

Separation of molecules by gel filtration. is belie‘ved'lt'o‘result from
differenbes in size of the various moleculés’hhd their restricted diffﬁsion
into the gel pores. Molécules app.ear‘in .the effluent in order bf decréasihg |
size. Although molecular size i; not necessarily a good‘a‘pproximation'for
moleculér weight, molecular size and weight are closely related for a series
of similar macromolequles; e.d., a series of prot.eiris or polysaccharides.
(Granath and Flodin, 19 6‘1).' . As a result gel filtration has been aécepted as a
comparati.ve method for estimating molecular Weight (Andrews, 1964; P-ristoﬁ—
pil, 1965; Iwatsubo and Curdel, 1963; Whitaker, 1963; IWieland §_t'_§_1_.,1963).
In this method a working curve was prepared by plotting relativ‘e migration

rates of standard compounds through a gel filtration medium veréus their
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molecular weights. Unknown rnolecular weights were then estimated on the
basis of their relative tnigration rates. -

A 4lx2..5 cm Bio-Gel P—-3OO column was prepared using 0.05 M. sodium
. citrate buffer, pH 6.1, as the eluting agent. Three-milliliter solutions of the
followi'ng materials in citrate buffer served as etandards: B_’lue Dextran 2000
(Pharmacia Fine Chemicals, Inc,), beta~amylase, beef liver cata.lasle, gldcos,e
oxidase, yeast hexokinase and muscle phospherylase (all from Nutritional
Biochemicals Corporation). These solutions_ contained approxinﬁatelj_lo mg
of solute, except in the case of 'phosphorylase which proved duite insoluble
in citrate buffer. These standard solutions were blaced on‘the.'Bio-Gel eol-.' o

umn and eluted in 2-ml aliquots at a rate of 8 ml/hr Five, mllllgrams of my— -

rosinase dissolved in 3 ml of citrate buffer were treated ina s1m11ar manner.; -

Blue Dextran 2000 (approx1mate molecular welght of 2 x106) was not-
retarded by Bio~Gel P~ 300 and was a convenlent reference standard The
rate of protein migration’through the column was determ;med relatlve to Blue

Dextran 2000 and expressed as Rgp where;

= Elution volume of Blue Dextran 2000
‘Elution volume of protem ‘

RBD
The elution volume was defined as that volume of ,eluting agent"requ'ired to
reach the midpoint of the ‘eluted peak.
Figure 9 shows the Rpp versus molecﬁlar Wéiéht calibration-cu'rve*-
used in this work. A second column of Bio-Gel P-300 (38x l.ti cm) using
0.5-ml samples in the same buffer as before and elute'd'i-n 5-ml aliquets,gave

essentially the same calibration curve.
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Figure 9. Rgp Vs. molecular weight for Bio-Gel P-300 (41x 2.5 cm) equili-
brated with 0.05 M citrate buffer, pH 6.1.
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A molecular welght of 320 000 i 15 OOO was estlmated for myrosinase

by this method

-Pronase Digestion of Myrosinase

Isolatlon of a fragment from myrosmase that contained carbohydrate
linked to a short peptlde Chall’l would further substqntiate the oovalent llnk-f
age of carbohydrate to protein. Speculatlon ag to what amlno a01d was 1n—
volved in the linkage would also be pos81b],e In addltlon the number of
different carbohydrate moieties present and thelr approx1mate slze could be

determined. A low~specificity protease preparatlon, from Streptomyces '

grlseus (pronase) has found use in degradatlon of glyooprote;ns 1o glyco=
peptldes with the carbohydrate moieties -apparently J,ntact (Tsugita and- Ak_a-
bori; 1959; Nomoto et al., 1960; Eylar, 1962; Kamiyama ahd Scbmid, 1962;
Fletcher et al., 1963; Jamieson, 1965; Montgome’ry_‘c—:‘_t_a_l_.,--l965; .Pazur;ej
al., 1965). | : o

Purified myrosinase (135 mg) was suspended in 3 ml of 0.05 M sodjum
borate buffer, pH 8.0, 0.015 M in CaCly and warmed to _40°C . .One-tenth
milliliter of 2% pronase (Protease type VI,. Sigma Chemical ‘Oo'rnpany) in the
same buffer was warmed to 40°C, added to the myrosinase suspension and
incubated at 40°C for 24 hours. Another 0.1 ml of pronase solution was
added and the incubation resumed for 137 bours . The incubation rnixture
was cleared by centrifugation and 1 ml of 'eodtum borate buffe.r was used to
wash the residue. This solution was combined witb the original supernatant

solution.
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The combined supernatént solutions from the pronase digestions (4 ml)
were applied'to a Sephadex G-25 column (44x 1.4 cm) equilibrated with 0.1. N
acetic acid and eluted with the same solvent in 4-ml aliguots at a rate of
8 ml per hour. In like manner, a blank solution containing 0.2 ml of the pro-
nase solution diluted to 4 ml with sodium borate buffer was applied to the
same Sephadex G-25 column and eluted with 0.1 N acetic acid. Figures 10
~and 11 show these elution patterns. The carbohydrate-containing peaks
from the pronase-myrosinase digestioﬁ were designated PM~-25-1 and
" PM-25-2 and were recovered by freeze-drying fractions 6-9 and 10=15, re-
spec'tively. In the pronase blank elution, the same fractions were desig-
nated.P-25~-1 and P—25-;2,, respectively. (This separation and subsequent
separationsg which are described below are schematized in Figure 17.) _

Further fractionation of the carbohydrate pfesent'in PM-2 5-1,
.PM-25-2, P-25-]1 and. P-25-2 was'accorlnplis.hed by suspending each in 0.1 N
acetic acid, centrifuging to remove ﬁlinor. érﬁounts‘o'f-'iri's“o:lub'le's 'an;i ‘sub'—
jecting ’Lhe supernatant solutions to gel filtration on Sephadex G-75 (60x 1.6
cm). PM-2 S—i and P-25-1 were applied as 2-ml sampies (including a 1-ml
0.1 N acetic acid residue wash in each case) and collected in 3-ml aliquots.
PM-25-2 and.P-25-2 were applied as 3-ml samples (including 0.1 N acetic
acid wash portions) and collected in 3-ml aliquots. The c¢olumn flow rate in
every case was 11 ml per hour. Figures 12-15 show these results. It was
apparent that only partial-separation of the carbohydrate fractions was
achieved by the previous gel filtration through Seﬁhadex G-25.

Carbohydrate-containing peaks from both PM-25-1 and PM~-25-2 were
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Figure 10. Gel filtration of the pronase-myrosinase digest on Sephadex
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Figure 11. Gel filtration of the pronase blank on Sephadex G-25.
Total carbohydrate; ---- O. D.2g0 mp*

designated PM-75-1, PM-75-2 and PM-75-3. They were recovered by
freeze-drying fractions 11-13, 32-36 and 38-42, respectively.

PM-75-1 was taken without further attempts at purification and ana-
lyzed for amino acid and monosaccharide content. A portion of PM-75-1
which was dissolved in 0.1 N acetic acid was eluted from Sephadex G-100
(40x 2.5 cm) as a single, slightly-retarded peak. Portions of PM-75-2 and
PM-75-3 were dissolved separately in 1 ml 0.1 N acetic acid and purified by
gel filtration on Sephadex G-15 (48 x 1.6 cm). The effluent was collected in
2-ml aliquots at a rate of 8 ml per hour. These results are shown in Figure
16. The carbohydrate was recovered by freeze-drying and designated as

PM-15-1 (fractions 17-23 from PM-75-2) and as PM-15-2 (fractions 30-34

from PM-75-3).

































































































