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Abstract The binding ability of bovine milk proteins with mutagenic heterocyclic amine
was investigated. Binding was determined with 2 mg of protein and 20 ug of 3-amino-1,
4~dimethyl-5H-pyrido[4, 3-blindole (Trp-P-1) in 0.4 ml of pH 7.4, 50 mM phosphate buffer,
at 37°C, in a shaker for 10 min. The unbound Trp-P-1 in protein-free ultrafiltrate was
prepared using Ultrafree UFC3LGCO00 and was analyzed by HPLC method. The binding of
whole casein, as-casein, f-casein and x-casein were 54.03, 40.02, 56.24 and 33.75%, respec-
tively. B-Lactoglobulin A, f-lactoglobulin B, lactoperoxidase, lactoferrin-a and lactoferrin-b
were 23.61, 17.87, 15.20, 22.53 and 6.92% respectively. However, a-lactalbumin could not
bind Trp-P-1 in this experiment. The binding of these milk proteins which were prepared by
ourselves were compared with purchased proteins. They showed similar tendency to our pro-

teins.

INTRODUCTION

Recently milk minor proteins, such as o-lactalbumin, B-lactoglobulin A, p-lactoglobulin
B, lactoperoxidase, lactoferrin, were easily isolated from bovine milk acid whey by using
chromatographic procedures (Yosuma, 1990; Yosuma and Ye-Xwyon, 1991). as-Casein, g-ca-
sein and x-casein were also prepared by Diethylaminoethyl (DEAE) chromatography in the
presence of urea and f-mercaptoethanol (Tuompson, 1966). Some reports have been describ-
ed the antitumor activities, such as yogurt, lactic acid bacteria and its cells (Bonpa and Rao,
1990; Hosowno ef al, 1987; Hosono et al, 1988; Reppy ef al, 1983; Suauant ef af, 1983; Zuanc
et al, 1990). However, little is known about the antimutagenity of milk proteins. 3-Amino-1,
4~dimethyl-5H-pyrido-[4, 3-b]indole {Trp-P-1) was isolated in pure state from heated D,
L-tryptophan and was contained in cigarette smoke tar (Sato ef al, 1977) and charred broil-
ed and fried beef (Nacao ef al, 1977). Trp-P-1 has a carcinogenicity to rats and mice who
were given a pellet diet containing .01 to .08 % of Trp-P-1 (Sucmura ef al, 1989). This
paper describes the binding of milk proteins against mutagenic heterocyclic amine of
Trp-P-1.

MATERIALS AND METHODS

Milk proteins:
Whole casein was precipitated as acid casein. as-Casein, f-casein and x-casein were
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isolated from whole casein by Thompson's method (1966). a-Lactalbumin, f-lactoglobulin A
and p-lactoglobulin B were prepared from bovine milk acid whey by Ascusrrensurc and
Drewry's method (1957) and DEAE anion exchange chromatography at pH 6.8 and pH 8.5
(Yosuma, 1990). Lactoperoxidase, lactoferrin-a and lactoferrin-b were prepared from bovine
milk acid whey by carboxymethyl (CM) cation exchange chromatography at pH 7.7 (YosHima
and Ye-Xwyun, 1991). These isolated proteins were desalted by dialysis and freezedried.
a-Casein so-called as-casein (C-6780, Lot 78F9555), f-casein (C-6905, Lot 67F9645), k-ca-
sein (C-0406, Lot 29F9540), o-lactalbumin (L-6010, Lot 89F8115), f-lactoglobulin A
(L-7880, Lot 88F8095), f-lactoglobulin B (L-8005, Lot 108F8155), lactoperoxidase (L-2005,
Lot 40H3778), and lactoferrin (L-9507, Lot 59F3915) were purchsed as standard proteins
from Sigma Chemical Company (St. Louis, MO, USA).

Mutagen:

Trp-P-1 was kindly provided by the National Cancer Center Research Institute (Tokyo,
JPN).

Determination of binding of the milk protein to mulagen:

Two milligram of lyophilized protein were suspended in .38 m/ of pH 7.4, 50 mM
phosphate buffer. This suspension was stored overnight in a refrigator at 4°C. Twenty
microgram of a methanolic solution of Trp-P-1 (20ug/20ul) was added to the protein solu-
tion. This reaction mixture was incubated at 37°C in a shaker for 10 min. After incubation,
the reaction mixture was separated into protein free filtrate and retentate by centrifugation
(2,000 X g, 8 min) using Ultrafree UFC3LGCO0 (Japan Millipore LTD. Tokyo, JPN) which
was equipped with an ultrafilter of a molecular weight retention of 10,000. Twenty
microliter of this ultrafiltrate was applied to a high pressure liquid chromatography ap-
paratus for estimation of the amount of free mutagen. Trp-P-1 standard solution
(20ug/.40ml) was prepared by addition of 20ug of methanolic Trp-P-~1 solution (20ug/20u))
to .38 ml of pH 7.4, 50 mM phosphate buffer. Subsequently the mixture was filtrated with
Ultrafree UFC3LGCO00. The data in the table are means for duplicate experiments.
Protein bound Trp-P-1 (%) =(Total Trp-P-1—Free Trp-P-1)Xx100
Total Trp-P-1: Trp-P-1 content in reaction mixture (1ug/20ul)

Free Trp-P-1: Trp-P-1 content in ultrafilirate (X ug/20ul)
High pressure liquid chromatography (HPLC):

HPLC was performed with Hitachi L-6000 pump and Hitachi L-4000 UV detector. The
column was Inertsil ODS-2 (4.6 X150 mm) (GL Sciences, Tokyo, JPN) and the mobile phase
was acetonitorile-HyO-triethylamine 50:50:.05 at a flow rate of lml/min. Absorbance at
254 nm was recorded with an integrator (Labchart 12, SIC System Instruments, Tokyo,
JPN)

RESULTS AND DISCUSSION

The results are shown in Table 1. Caseins, whole casein, as-casein, f-casein and x-ca-
sein showed higher binding abilities against Trp-P-1 compared with other milk proteins
such as f-lactoglobulin A and B-lactglobulin B. a-Lactalbumin could not bind Trp-P-1 in
this experiment. Lactoferrin and lactoperoxidase which were prepared by ourselves showed
higher binding abilities against Trp-P-1 compared with those standard proteins from Sigma.
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These results meant the decrease Table 1. Binding ability of bovine milk minor pro-
of Trp-P-1 contents in the protein teins against Trp-P-1
free ultrafiltrates. The remained Whole casein 54.03 (%)
Trp-P-1 were contained in the solu- as-Casein 40.02
tions with proteins. However, the rela- f-Casein 56.24
. tionship between those proteins and K“fase’?b . 32'75
o~ Lactalbumn
-P-1is ither Trp-P-1 i
Trp-P-1 is not clear ex. er Trp-P-1 is j-Lactoglobulin A 23,61
absorbed to a protein molecule or f-Lactoglobulin B 17.87
Trp-P-1 is combined with some Lactoperoxidase 15. 90
chemical reaction. Lactoferrin-a 22.53
It has been proposed that the thiol Lactoferrin-b 6.92
group of hemoglobin and glutathione a-Casein-sigma 59.46
. g B-Casein-sigma 40. 43
are related to the binding of heter- .

. ] x-Casein - sigma 23.75
ocyclic amines (Umemoro, Grivas, ef al, a-Lactalbumin - sigma 0
1988; Umemoro, MonpEN, et al, 1988). A-Lactoglobulin A-sigma 15.78
However, as-casein and pg-casein, f-Lactoglobulin B-sigma 3.65
which could bind very high percen- Lactoperoxidase - sigma 6.41

Lactoferrin-sigma 0

tages of Trp~P-1, contained no -S-S-
bond in their molecules. The binding
between these proteins and Trp-P-1 is supposed the reaction of ~-COOH residue of protein
and -NH; residue of amine. Further experiments are needed.

This investigation is only restricted i vifro and these milk proteins can not act as an-
titumor materials i vivo. However, it is possible that these proteins or partially digested pro-
teins are able to transport the mutagenic heterocyclic amine from the bigining of digestive
canal to large intestine. This investigation may suggest the existence of a new functional
property of these milk proteins and blood serum proteins.
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FABEABORBEEA~T v A7 Y v 77 3 ek 256
HHOOB-E F OE- G HZ
IR BRI RE R, R B 724

Hfrho MR AE, Bl whole casein, as-casein, fB-casein, r-casein, f-lactoglobulin A, f-lac-
toglobulin B, a-lactalbumin, lactoferrin, lactoperoxidase # S EERE L, ThoOBAENEBE~TF vy
A2 Y w7 LTHD 3-amino-1, 4-dimethyl-5H-pyrido[4, 3~blindole (Trp-P-1) LEE&T 50 E0IC
DVCTHERET 70 S6ICR2 BE CHOEEM Lo BREE & ki1 54k Sigma #8lo o-casein,
B-casein, k-casein, f-lactoglobulin A, f-lactoglobulin B, o-lactalbumin, lactoferrin, lactoperoxidase >\ »
THAROBRET - 1.

WEERENE LIc R EH 2 mg, Trp-P-1 20 ug #0.4ml o pH 7.4, 50 mM HEs Sy 7 7 ~ IR L, 37°CC
105 MR LIS X4 5, 230C, AR YE7 Y 35 v Fillo UFC3LGCO0 # A\ CRISH LR,
8 Trp-P-1 #RsGAC L v HHL, oo Trp-P-1 & HPLC ik kv sEd %, HPLC i@HaT
L-6000 s> 7 - L-4000 UV #Hiic GL-Science % Inertsil ODS-2 (4.6 X150 mm) # 5 A BHR L,
acetonitrile-H,O-triethylamine 50:50:0.05 "CRB L1z, 254 nm R0 50K % SIC System Instruments
# Labchart 12 CIR&ET 5,

Whole casein:54.04%, os-casein:40.02%, B-casein:56.24%, x-casein:33.75% CRIGHo Trp-P-1
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MGG BE O L, Sigma #8o o-Casein:59.46%, f-casein:40.43%, r-casein:23.75%,
CHA o B #5% L7z, f-Lactoglobulin A:23.61%, p-lactoglobulin B:17.87%, pB-lactoglobulin
A-Sigma:15.78%, f-lactoglobulin B Sigma:3.65% T& - #:, Lactoperoxidase:15.20%, lactoperox-
idase-Sigma:6.41%, lactoferrin-a:22.53%, lactoferrin-b:6.92% T&h -t o-lactalbumin, «-lac-

talbumin-Sigma, lactoferrin-Sigma (& Trp-P-1 &E& LA » 7,





