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Abstract 

The relationship between polymorphic variants of major milk protein (α'sl-casein (Cn)，β-Cn， }{-

Cn and β-lactoglobulin (Lg)J and expression quantity of the corresponding constituents in Holstein-

Friesian cows was examined to obtain information on the relevance of protein polymorphisms to 

functionality. 

In an ELISA (sandwich method) using purified monoclonal antibody (mAb)， detection sensitivity 

improved to about 102 to 105 fold compared to the solid phase method which was previously reported 

for determining the quantity ofαSl-Cn，βCn， }{-Cn and β-Lg per 1 ml of skim milk. As a result of 

comparing the expression quantity (A405) of a component with the corresponding variants within four 

major milk protein loci， individuals with }{-Cn. B / B type and β-Lg. A/ A type were found to have 

excellent expression quantity for }{-Cn and β-Lg constituents， respectively. Though for the β-Cn 

type， the result differed from that obtained with the solid phase method， the result which A 2/ A 2 type 

produced moreβ-Cn quantity than A 1/ A 1 type was the same as the previous one. As an example of 

bovine milk protein polymorphism， it was observed that the expression quantity of constituents was 

significantly different among polymorphic variants within the corresponding locus. 

Introduction 

Protein markers in domestic animals have 

mainly been applied to pedigree registration and the 

phylogeny of livestock together with blood group 

factors. Though economically useful， such infor-

mation is of little value. Linkage among the por-

cine halothane sensitivity (Hal) locus， phosphohex-

ose isomerase (PHI) locus and 6-phosphogluconate 

dehydrogenase (6-PGD) locus， and the association 

between cattle milk protein variants and milk yields 

or milk fat， etc. was clarified (Rasmusen et al. 1980， 

Komatsu et al. 1981， Ng-Kwai・Hanget al. 1984， 

1986， 1990). 

Protein variants are electrophoretically detect-

ed based on differences in molecular size and micro聞

heter.ogeneity which are caused by glycosylation of 

the protein molecule and conformation of the 

polypeptide chain etc.. The association between 

many protein variants and physiological functions 
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have not been precisely explained. And relation-

ship between polymorphic variants and the expres-

sion level of the corresponding constituents has not 

yet been reported. 

Accordingly， for the dairy milk protein constit-

uent， the relationship between genetic variants and 

expression quantity of the corresponding constitu-

ents was examined to elucidate relevance of 

polymorphism to functionality. 

Materials and methods 

1 • Cow milk samples 

811 milk samples from Holstein-Friesian cows 

were used for typing and the estimation of the 

amount of protein components. The samples were 

mainly collected from 15 farms in the Ubaranai 

region of Abashiri City， Hokkaido. Milk fat and 

admixtures were removed byεentrifugal separation 

(3000 rpm， for 20 minutes)， and made into skim milk. 

α'sl-casein (Cn)，β-Cn， }{-Cn and β-lactoglobulin 

(Lg) type for all samples were detected by urea-

isoelectric focusing (Y okohama and Hirayama 
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1996). Sti11， factors such as the breeding condi-

tions， parity， stage of lactation and age were carried 

out without purposely considering the measurement 

of each component. 

2. Avidin-Biotin system ELlSA (Sandwich method) 

Blood was sampled after the milk protein sam-

ple (α51-Cn; C7891，β-Cn; C6905 JcCn; C0406 and β-

Lg; L6879， SIGMA) was injected into a rabbit 

intracutaneously. Then anti-cattle mi1k protein 

polyc1onal antibodies obtained by ammonium sul-

fate precipitation were coated in the solid phase in 

microtiter plates as a primary antibody， and milk 

protein antigen was added. N ext， secondary anti-

body labeled with biotin after being purified from 

serum-free culture filtrate ofα'51 -Cn (two celllines)， 

β-Cn (five cell1ines)， JcCn (three cel1lines) and β-

Lg (two cell1ines) of anti-cattle mi1k protein mono-

c10nal antibodies (mAbs) which we produced 

(Y okohama et al. 1996)， reacted to the antigen 

combined on the plate. Afterwards， the antigen 

level was measured based on absorbance (A405) 

using the sandwich method applied Avidin-Biotin 

system (J avois L. C. 1999). Sti11， the pH of the 

Tris-HCl buffer for washing and reagent di1ution 

was the optimum for each mAb in the antigen-

antibody reaction as reported by Watanabe e't al. 

(1999). Preparation of a standard curve was car-

ried out by the method of Hirayama and Y okohama 

(1997)， and was used to estimate the average content 

per 1ml of the major four milk components. How-

ever， relation between polymorphism and mi1k com・

ponent amounts were analyzed using the absorban-

ce value (A405). The significance of the expression 

quantity was analyzed by method of analysis of 

vanance. 

Results and discussion 

The average amounts (mg/ml::tS.E.) of major 

cattle milk components (α51-Cn，βCn， }(-Cn and β-

Lg) calculated from the standard curve for each was 

(13.53::t 1.89) x 10-1， (6.42::t 1.65) x 10ーに (0.31士1.18)x 

10-2 and (1.37::t4.78) x 10-2， respectively. The 

detection limit was therefore about 102 to 105 fold 

lower than that of the ELISA solid phase method 

reported by Hirayama and Y okohama (1997) as 

shown in Table 1. As we used the primary purified 

polyc1onal antibody and purified mAb from the 

culture supernatant， the detection sensitivity might 

be improved. However， in order to determine pro-

tein quantity， the calibration curve must be reset for 

every measurerment. The absorbance value (A405) 

was used as the quantitative value of polymorphic 

variant in order to measure multispecimens to save 

on cost and time. As a result of comparing expres-

sion levels between each variant of the mi1k compo-

nent based on the absorbance value (Table 2)， in the 

α'51-Cn type， even though there was no difference in 

的 1-Cn amount between B / B and B / C types， the 

former tended to have a slightly higher output. 

However， the B / B type had a significantly high 

α'51-Cn amount in a previous results (Hirayama and 

Y okohama 1997). Though the β-Cil' A 2/ A 2 type 

had the highest β-Cn amount in the previous report， 

the β-Cn quantity of A 1/ B type was the highest in 

the present study， followed by the A 2/ A 2 type in 

experiments used over 20 samples. There was a 

significant difference between dimorphous. In 

A1
/ A1， A1

/ A2 and A2
/ A2 types， for which many 

examples could be investigated， A 2/ A 2 type had a 

higher β-Cn amount than A 1/ A 1 and A 1/ A 2 types. 

}{-Cn' B / B type had the most }{-Cn as in the 

previous study， followed by A/ B type. B / B type 

had the highest output (Hirayama and Y okohama 

1997). Since there was a report that the }{-Cil' 

B / B type individuals had higher mi1k yields and 

milk protein productivity (Komatsu et al. 1981， 

Ng-Kwai・Hanget al. 1984)， it seemed that }{-Cn 

productivity may be improved by increasing the B / 

B type individuals in the Holstein-friesian popula-

Table 1 Detection limit between sandwich method and solid phase 
method 

hr1i1k proteins 

α'Sl-Cn 
β-Cn 

JcCn 

β-Lg 

Sandwich method 

(13.532:t 1.89)x10-1 

(6.420士1.65)x10-1

(0.312:t 1.18)x10-Z 

(1.369:t 4. 78)x10-Z 

Cn: Casein， Lg: Lactog10bu1in 
Figures: A verage :t S.E. (mg/ m1) 
※: by Hirayama H. and M. Y okohama (1997) 
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Solid phase method ※ 

(1.573:t 8.45)x10-2 

(0.019:t 3.54)x10-4 

(0.003土7.80)x10-5

(0.001:t 3.83)x10-5 
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βLg' A/ A type had more amount ofβ-Lg 

component than the other genotypes. A/ B type 

showed a value between those of both homozygotes 

as well as the JC -Cn type， and there was a sta tisti-

cally significant difference. For the α'Sl-Cn and β-

Cn types， there was different results from that in the 

previous study (Hirayama and Y okohama 1997). 

The same results for JC-Cn and β-Lg types as last 

time indicated that the reliability was high. 

In the experiment using multispecimens， it was 

considered that the superiority of the β-Cll' A2
/ A2 

type did not change which was the same as previous-

ly. The β-Lg' A/ A type individuals were generally 

predominant. Though it was reported that the A/ A 

type was also predominant in terms of milk protein 

percentage (Komatsu et al. 1981， Ng-Kwai-Hang et 

al. 1984)， the frequency of the A/ A type individuals 

were also low (10.4%). 

Referring to bovine milk protein polymory-

phisms， it was observed that the expression level of 

each component in milk protein was respectively 

different among polymorhic variants within the 

corresponding four major milk protein loci. 

Though the association between protein polymor-

phism and economical characteristics had been 

clarified， this time， the relationship between the 

polymorphic variants and the expression level of 

the corresponding protein was clarified by using an 

immunochemical technique. 

Hirayama H. and M. Y okohama (1997) Quantitative 

analysis of cow milk proteins by immunochemical 

method. Hokkaido Anim. Sci. Agr. Soc. 39: 11-14. 

J avois L. C. (1999) Immunocytochemical method 

and protocol. Methods in Molecular Biology， 115: 

203-214. HUMANA PRESS (USA). 

Komatsu M.， K. Yokouchi and T. Abe (1981) Rela-

tionships between milk protein genotypes and 

milk production in Holstein and J ersey cattle. 

Jpn. J. Zootech. Sci.， 52(7): 439-497. 

Ng-Kwai・HangK. F.， J. E. Hayes， J. E. Moxley and 

H. G. Monardes (1984) Association of genetic vari-

ants of casein and milk serum protein with milk 

fat， and protein production by dairy cattle. J. 

Dairy Sci.， 67: 835-840. 

Ng-Kwai-Hang K. F.， J. F. Hayes， J. E. Moxley and 

H. G. Monardes (1986) Relationships between 

milk protein polymorphisms and major milk con-

stituents in Holstein-friesian cows， J. Dairy Sci.， 

-57-

Refer‘ences 

tion. 

口出口門戸
o-切。一戸ハ)吋
J

一切

ιm口
百
ω回一)一口

υ

(
目
。

J
刊

)ωυ
ロ
吋
門
七
。

ω門
戸
吋
仇
門
戸
口
除
。
』
ωω
吋
住
吉
ロ
。
日
何
百
ωロ。門
H
5
8
』
υdu同
一

ω
2
5
'
ω
凶

Eωkr〈

・
ω門
誌
向
¥
向

-
R
u
q
吉
。
』
吉
区

ωω
℃

8
H口
忠
ω出
司
日
出
b
p
芯
』
万
九
戸
ω-
訳
出
何
百
七

ωN-aw。
υω
』

ω吋
区

ωυ
ロ
ω』
ω出
日
七
百
5
山
山
口
高
山

ω
〈

pcFq コ4 

〈ω 〉国0国6 

× 

r-α44 コ，ひC+，hD司、| 

) 寸FF〈コ→ ~ 

.eCF00 6 q D → 

句、g吋、¥ ーo一→ Mひ×つ司

∞+1 

、吋ミT亡、εーコEコ・a44 ， 

¥同向¥ ( sF→σtCE コ、
rl 

』pCFq D → 

、町旬吋¥ c、、、寸，，4， × 

52αC+D コl 

、CFFCー7D，4 コ3 〆

eCF同q D 4 PCF9 D 4 
H CFコ→ 

コ~コ.(」× ばコ
〈品“ いω :> 

× 

司品吋訂〉

× 

、旬吋¥ F0F4 04FF+→ 4 | F5→5 ( Ft、~
~ +1 十|

) ひFCp、44 コ. ) FゲCt、::;ココ ) ttcto p 、コ. 

pCFq D 4 

2)ト a9 D b × 

eFCq D 4 

( )ロ甲司合 ( H D H 同目U × 

〈ω 凶吋H ω 〉

× 

、司吋¥ 
(、ひc司~ 戸寸x ・『4 Fロ-・4戸pd+q 、|、 、旬向¥ 、旬同、、、

5N2+N ザH D l 
ヨ+1 ゲ出コ +1 

C、σひC、::コ3 3 a， O、OFC.GO D ，コ， 、CCrU.D-D ，3 〆

。v亡也『コ

()F2421ぉE H 。× 3 

。Fcaコ4 

( ) 匂由叩 J (  同O H 由目× ロ

hυ 向¥ 
(ひ、亡J。司 FσC× コ『コ

同¥司吋¥ 、旬吋¥ 
C、ひp、J、司:: -;:ひ×-4 司、

¥同吋、、

2十|
ご亡。 +1 5p3d 十l 定F3+l 

) opひCoq 司コ F) 可FC→申→ コ ) t寸ゲCoココ4 C、Cひt‘つ、コ，司. 〆

pCFq D → 

( 円同)噌 s鍋( 。D H × 凹n 

eCFq D → H CcFd 4 D 

Q向Q ¥ に、pσ:;，コ R C× D 
、司吋¥ 、司吋¥ 

舌、ード-i〆円F× '4 h、
、司吋、、、 中、sー〆 sC× D • 

gr、+1 出F4+l 2U23 +| 認+1

小C亡C、、コ。::司d ゲ)ばFC4D ココ ) rCCCザD。D コ tF0C、、DC コ，コ〆

同ぴ】
，同ぴ，h〉、 〆同ぴ'ー〉、

同ぴ〕

~ 
(語1Ez何ω5里什主見回$ω 4 iωき2ミ3ー廿〈器h ω :> きさも〈ω :> 

さき判4 ω 凶ch u P q 

dミhミ匂ヨ さtiz い δ誕 さヨ
H 

3qf 
芝

H 

V 
ロ

~ t句ロJ 

、

υ 
ロ

:.: 

J 句b.()

、

ω
H
C
O
C
o
a
E
0
0
ぷ

=
E
O
C一〉
O
D
凶「』一万

c
o
a
ω
ω
L
L
0
0
ω
工
H
ト
。
一

ω〉
ω
一
c
o一ω
ω
ω
L
a×
ω
万
Cmw
切
パ

F
E
E
L
C〉
O
一工

aLOEKA一o
a
c
ω
ω
〉
〉

H
O
A
n
t
z
ω
c
o一刊の一
ω庄

刊

ω-Dmwト



Michinari Yokohama and Tatsuya Watanabe 

69: 22-26. 

Ng-Kwai-Hang K. F.， H. G. Monardes and J. F. 

Hayes (1990) Association between genetic 

polymorphism of mi1k proteins and production 

traits during three lactations， J. Dairy Sci.， 73: 

3414-3420. 

Rasmusen B. A.， C. K. Beece and L. L. Christian 

(1980) Halothane sensitivity and linkage of genes 

for H red blood cell antigens， phosphohexose 

isomerase (PHI) and 6・phosphogluconatedehy-

drogenase (6・PGD)variants in pigs. Anim. Blood 

Groups Biochem. Genet.， 11: 93-107. 

Watanabe T.， H. Hirayama and M. Y okohama 

-58-

(1999) Examination of quantitative analysis for 

determining cow mi1k proteins by immuno-

chemical method. Hokkaido Anim. Sci. Agr. Soc.， 

41: 63-66. 

Y okohama M. and H. Hirayama (1996) Detection of 

cow mi1k protein polymorphisms by urea-

isoelectric focusing. Hokkaido Anim. Sci. Agr. 

Soc.， 38: 19-22. 

Yokohama M.， T. Kondoh， A. Nakagawa and 

H. Hirayama (1996) Development of monoc1onal 

antibodies specific cattle mi1k proteins. Hokkaido 

Anim. Sci. Agr. Soc.， 38: 43-45. 


