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1. Introduction

A significant level of y-glutamyltransferase
(EC 2.3.2.2) has been found in epithelial cells of small
intestineg, kidney and other glands which are relatively
abundant in secretory immunoglobulin A(sIgA)
[1-3]. Binkely et al. have recently reported that
human breast cyst fluid and colosiral milk have
extremely high levels of y-glutamyltransferase in a
soluble form [4]. Their finding of the enzyme
activity in such large amounts in those exudates
together with their abservation of the enzyme
copurification with sigA led to the suggestion that
y-glutamyltransferase is closely associated with slgA
and probably identical with its secretory component
[5]. In the present communication, y-glutamyl-
transferase has been obtained from bovine colostral
whey by salt fractionation or alternatively by
ultracentrifugation. The enzyme activity becomes
separated from secretory component and immuno-
globulins, and the preparation shows a close similarity
with skim milk membrane preparation in the enzymatic
composition.

2. Materials and methods

Fresh colostrum from Holstein cow was supplied
by a local dairy farm. Fat was removed by centrifuga-
tion at 2000 X g for 10 min, and casein was precipi-
tated at pH 4.6. The resulting whey was brought to
neutral pH and employed as starting material in salt
fractionation and ultracentrifugation. Antisera prepared
in rabbits against bovine colostrum, IgA and 1gM were
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commercially obtained (Miles Laboratories, Illinois,
USA). The sensitivities of the respective antisera were
in the range of 1.1 to 1.4 mg protein per ml serum
against the correspending antigen.
v-Glutamyltransferase activity was determined by
using 3.5 mM y-glutamyl-p-nitroanilide and 10 mM
glycylglycine in 0.25 M Tris—HCI buffer of pH 8.2,
and allowing the reaction to proceed for 10 min at
37°C. Other enzymes assayed by the procedures
described in the literatures include 5'-nucleotidase
(EC 3.1.3.5) [6], thiol oxidase (EC 1.8.3.2) [7],
xanthine oxidase (EC 1.2.3.2) [8] and thiamine
pyrophosphatase (EC 3.6.1,6) {6]. Disc electro-
phoresis with a 7.5% polyacrylamide gel was performed
according to the procedure of Davis [9] using 0.05 M
Tris—glycine buffer of pH 8.6, Protein was stained
with Coomassie Blue in acid methanol. The transferase
activity was assayed using a duplicate gel: the gel was
cut into segments of 2.5 mm in thickness; the resultant
segments were crushed respectively in 0.9 ml of the
standard assay medium; and then absorbancy at 410
nm was measured after incubation for 1 h at 37°C.
Levels of sIgA were assayed by the single radial immuno-
diffusion technique [10].

3. Results and discussion

3.1. y-Gluramyliransferase activity in Smith’s fraction

The salt fractionation procedure described by
Smith [11] was used for preparation of immuno-
globulin fractions. In table 1 are given results of typi-
cal experiments for the level of y-glutamyltransferase
in the resultant fractions. The enzyme activity was
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Table 1
Distribution of y-glutamyltransferase among bovine colostrum fractions
Fracti v-Glutamyltransferase Recovery
raction (units/ml) (%)

Principal fractions fram colostrum

Whole colostrum 4.00 100

Defatted colostrum 3.36 84

Casein 0.48 12

Whey 2.50 63 (100)
Smith’s fractions from whey

A (0- 50 245 62 (98)

B (50-100) 0.04 1 (2)

C  (0- 25) 0.20 5 (8)

D (25— 40) 1.76 44 (70)

The enzyme activities are expressed in units (umol p-nitroaniline released per min)
per ml of colostrum. Values given in parentheses under each Smith’s fraction refer
to the range of % saturation with ammonium sulfate.

almost completely recovered from the whey as

Fraction A and subsequently as Fraction D.
Polyacrylamide gel electrophoresis pattern of

Fraction D is shown is fig.1. A single broad band

only was located on top of the gel by staining

for protein. A maximal transferase activity was detect-

ed in the segments corresponding to the same position

where the protein peak was located. Since Fraction D

is known to be enriched in immunoglobulins

apparently free of residual casein and other whey
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Fig.1. Polyacrylamide gel electrophoresis of Smith’s Fraction
D. Top curve shows y-glutamyltransferase activity located in
the duplicate gel. Bottom photograph represents the gel
stained for protein with Coomassie Blue.

proteins {11,12], the experimental results so far
described in this communication are in accord with the
suggestion of Binkley and Wiesemann [5] that the
enzyme is closely associated with immunoglobulins.

3.2. Resolution of y-glutamyltransferase from immuno-
globulins and its identification as constituent of
skim milk membrane.

Ultracentrifugation of the colostral whey resulted
in a quantitative precipitation and thus almost
complete separation of y-glutamyltransferase from the
supernatant immunoglobulins as shown in table 2. This

Table 2
Separation by ultracentrifugation of yglutamyltransferase
from immunoglobulins in bovine colostral whey

Fraction y-Glutamyltransferase slgA
{units/ml) (%)
Primary whey 249 100
Supernatant 0.31 82
1st washing of pellet 0.05 17
2nd washing of peliet 0.03 1
Pellet after 2nd washing  2.08 0

Colostral whey was centrifuged at 105 000 X g for 1 h. The
resultant pellet was resuspended in 0.1 M Tris—HCI buffer of
pH 7.5, and then recavered by ultracentrifugation. Levels of
slgA were evaluated by single radial diffusion with antisera at
against bovine [gA, and aze expressed in per cent of total sgA
found in primary whey. The cnzyme activities are expressed
in terms of units per ml of primary whey.
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Fig.2. Immunological double diffusion in agar of celostral
whey fractions using specific rabbit antiserum against IgA (A)
and [gM (M), A 2 ul aliquot of antigen or antiserum was
placed in respective weill and allowed to stand for 48 hrs al
room temperature: w, colostral whey; g, 105 000 Xg superna-
tani; z, 1st washing from the pellet; », 2nd washing; ¢, 3rd
washing: p, 105 000 X g pellet after 3rd washing; and ¢, the
same pellet as in p but solubilized with 0.25% sodium
dodecyl sulfate.

is in striking contrast to the situation found by
Binkley et al. [5]. Furthermore, the transferase
contained in the 105 000 X g pellet was hardly
solubilized by means of the reduction and alkylation
procedure that is used for dissociating secretory
component from slgA [12] and is thus claimed to be

effective for the transferase dissociation from slgA [5].

Figure 2 shows the results of immunodiffusion ana-
lysis of the whey and its fractions with the use of
specific antisera for bovine IgA and IgM respectively.
The whole whey, the 105 000 X g supernatant, and the
washings of the 105 000 X g pellet respectively
provided a single precipitin line with the respective
antisera, but washed pellet and its sodium dodecyl
sulfate-solubilized preparation gave negative reaction
with both antisera. It thus follows that the transferase

occurs in a fraction described earlier as *milk microsomes’

or ‘lipoprotein particles’ [14], while the immuno-
globulins including slgA occur essentially in colostral
serum in a soluble form.

In Sepharose 4B gel filtration studies, the trans-

ferase as such accurring in whey appeared predominant-

ly in the exclusion peak together with significant

level of 5'-nucleotidase. When the 105 000 X g pellet
from colostral whey was suspended in 0.25 M sucrose,
layered on the top of the discontinuous gradicnt
composed of 1.23, 0.635 and 0.335 M sucrose, and
then centrifuged for 3 h at 51 000 X g, about 80% of
the transferase activity originally found in the pellet
was detected at 0.335-0.635 M sucrose interface and
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the remainings at 0.635-1.23 M interface. At 0.335—
0.635 M interface was found the transferase
(1.74 unitsfmg pratein/min) to be enriched together
with 5"-nucleotidase (0.19) and thiol oxidase (0.22)
which are recognized as typical plasma membrane and
skim milk membrane markers, respectively [6,7]. The
fraction however showed very little activity of
xanthine oxidase and thiamine pyrophosphatase,
both being considered as characteristic markers for
fat-globule membrane in bovine milk and for a Golgi
apparatus in mammary gland respectively [6,7].
Overall, this investigation can be said to have
established that y-glutamyltransferase of bovine colos-
trum occurs essentially in skim milk membranes in a
bound form, and is not associated with any class of
immunoglobulins. It thus by no means follows that
the transferase is identical with the sccretory compo-
nent of sIgA. This conclusion has received reinforcement
by the latest information provided by Labib et al.
that free sccretory component and slgA could be
prepared free of the transferase activity [15].
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