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Abstract

Human milk and bovine milk in normal stage were fractionated four parts: cream, whey, skimmilk
membrane, and casein pellet, The specific activity (nmole /min /mg protein) and distribution ratio(%)
of suborganella marker enzymes in each separated milk fraction were determined. Especially, neutral
Ca?t-ATPase, acid Ca?*-ATPase, NADH-cytochrome C reductase, and acid phosphatase were higher
in human milk than in bovine milk. However, both Ca?t-ATPases were not detected in all fractions of
bovine milk. On the other hand, 5-nucleotidase, phosphodiesterase I, alkaline phosphatase, and ¥
-glutamyl transpeptidase activities in bovine milk were higher than in human milk, Most of the marker
enzymes were highly distributed in cream fraction of either human milk or bovine milk, and their
specific activities were high to 24 fold from 3 fold when compared with that of whole milk.

These results suggest that marker enzymes in mammary epitherial cell are transfered into cream
fraction by the membrane rearrangement, and different biochemical reaction between human and bov-

ine exists for milk secretion in mammary gland.
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trichloroacetic acidE& 1ml 7}3le Q&0 ¥
o] ¥r-g-& FA A7) L, 3,000rpmof| A 527+ ¢
AEgsd f2d F71A(Pi)& Chen 59
oz 233ty ATPase@A L AAEY
gqun B2r1o1e] e QA FA%F(10% as-
corbic acid: 2.5% molybden ammonium: 2N
H2S0y, 1:1:3, v/v/v)& 1ml © e 45T
A 2087 S A1 A v M A2 820nmell A &H
34tk A4 Ca?t-ATPases] §4&32 207
mM CaCl,E& E§3l+= 20 mM sodium acet-
atetE 4 (pH 5.0)& ©| &3 F4ATPase
ot e oz 233

2) IX| A0 HMEY

Y-glutamyl transpeptidase®, Nat, K+-
ATPase™, NADH-cytochrome C reductase
) phosphodiesterase I ¥, 5-nucleotid-
ase®) acid phosphatase®, alkaline phos-
phatase® 9| z+ RN A48 24L& F3
o Wy 7 $A 3 37N 3077
incubationgt § H] 4o 93t FA AT,

Z AAgAe vg4 (unole /min/mg
protein) 2.2 e Y, B4 2Exx = A
£ TABAL 10042 3t ZF o] XA
e AEAE S AFY E28H0E 1o
2L (%)= EA 3

CHHE = &3

S AEcE Lowryd 192 7} 3 Ma-
rkwellfno 2 2A3PL JFFEIAZE=
bovine serum albuming o] &3 g o},



Afr R 79 G2 EAse HAEALEY BR2EAHH B 187

2 AP M e B0F 3090 AHE 457
o K4 $H/HE o435 cream, whey,
skimmilk membrane, casein pellet© 2 £3)
il 2zt HEo) Je FANE BAFAY &
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Table 1. Protein recovery ratio (%) in separated milk fractions of human milk and bovine

milk

' Protein recovery (%)
Fraction Human milk Bovine milk
‘Whole milk 100.0 100.0
Cream 3.6+1.8 2.24+0.5
Whey 88.9+9.1 44.9+3.5
Skimmilk membrane 3.6x1.7 10.9%1.9
Casein 3.4+2.0 41.7£13.3

Protein amount (mg of protein) was expressed as the ratio (%) over whole milk, Numerals show the
mean-+SD (n=8~14 for human milk and n=3 for bovine milk).
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Table 2. Enzymatic activity and distribution of suborganella marker enzymes in human milk and their separated milk fractions

Cream Whey Skimmilk membrane Casein

Whole milk

2.9+2.0 255+11.5 35.8%27.7 14.3+ 5.1 17.6*+13.9 5.8+ 3.8

54.5+15.0
66.7+ 8.1
49.4+ 8.0

10.8+ 7.1 100 118.7+31.3

Neutral Ca?*t-ATPase
Acid Ca?T-ATPase
Na*t, Kt-ATPase

5-Nucleotidase

2.5+1.3 19.6+ 4.7 28.2+19.4 82x 2.9 143+ 99 55+ 3.6

0.2+0.4

14.3+ 4.8 100 158.3% 1.3

7.9414.9 11.1+ 83 254+12.7 6.7+ 7.3 17.3%x15.4

15.3+ 7.2

1.2+ 1.2 100

0.1+ 0.2 2.0+ 1.3 0.4% 0.5 9.8+115
0.4+ 1.9 54+ 53 1.3+ 19 10.1%+ 85

0.1+£0.1 57.4+18.7

0.2+0.4. 58.5+25.5
20.1+8.9 34.7+10.8 125.2+£80.7 7.9+ 2.7 83.5+43.4 4.2+ 14

1.0 30.8%+ 3.8

0.6x
2.1

0.1+ 0.1 100

25.8+ 2.8
53.3+£12.9

+ 21

0.6+ 0.6 100

Phosphodiesterase. I

y-Glutamy! transpeptidase 89.3+13.3 100 898.2+34.8

Alkaline Phosphatase
Acid phosphatase

FF2N T34 A 184 A 23(19%8)

4.2+ 47 7.0+ 3.7 7.3% 6.4 164+ 7.1
0.7+ 0.4 3.2+ 1.8 4.0+ 46 12.1% 53

0.7£0.5 48.5%+15.2
0.4+0.3 42.0+20.2

28.7+16.5
42.6+£22.6

14.3+14.9
11.6x 9.0

2.0+ 1.4 100

1.4+ 1.1 100
11.3+ 9.1 100

NADH-cytochrome C

7.6+ 83 44+ 51 22+ 11 14+ 1.1

11.0£9.7 83.1%13.1

10.9+12.1

15.2+ 6.4

reductase

A, Specific activity (nmole /mg of protein/min); B, Relative activity was expressed as the ratio (%) over whole milk. Numerals show the

mean+SD (n=8~14)
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Snmole /min /mg) B+ ¢F 38 ¥, cre-
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Table 3. Enzymatic activity and distribution of suborganella marker enzymes in bovine milk and their separated milk fractions

Cream Whey Skimmilk membrane Casein

‘Whole milk

100

100

0.8+ 0.8 100

Neutral Ca?T-ATPase
Acid Ca?t-ATPase
Nat, Kt-ATPase

5-Nucleotidase

6+ 04
8.8+ 1.2

4.
11.2+ 2.7

0.4+ 0.3

1.5+ 0.3 31.6%13

51.1+22.6 28.9+2.7

L7+ 17 17.7+ 1.2

39+ 14 11.8% 5.9
30.0£17.7 36.5x11.3 105.5+33.1

43.1+8.0
50.5%7.5
36.1+7.0
25.6+5.2
45.7+8.5
33.4£3.6

1.4

48+
397.4+ 4.3

re

17.4+ 0.9 100 4.2+ 1.0

214.2+65.1 100

8+ 0.4

7.4+ 5.0
48.4£19.2

22.9+7.7

770.3+210.4

Phosphodiesterase I

el

146.0-+48.3 43.0+14.1 353.7+£225.1 20.2+9.2

150.1+ 1.8 100 1832.6+279.5

12.8+ 1.4 100

Y-Glutamyl transpeptidase
Alkaline phosphatase
Acid phosphatase

T Yo EAdte EAELEY] BARNF BY 189

12.0+ 1.9

4.2+ 2.0

28.7+ 8.9 22.4%57

5.3% 1.9 19.9+ 6.6
04+ 0.1 28.1£ 7.2

254.6+ 35.2

1.0£ 0.3 27.9% 5.7

14+ 0.2 10.7%4.1

10.0+ 14

0.5+ 0.1 100

3.0£1.1 2.0+ 01 125+ 2.1

6+ 0.1

0.

NADH-cytochrome C

5.6+ 1.7 79.3%£18.1

5.2+1L1

1.3+ 24

1.5+ 0.1 100

reductase

i B, Relative activity was expressed as the ratio (%) over whole milk. Numerals show the

A, Specific activity (nmole /mg of protein /min)

mean=+SD (n=3)
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T2 FRHED Aol doA Bl e &
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5”-nucleotidase, phosphodiesterase 18} 7+o]
Yot ot A0 §Ao] SF R} AP
2 Ao H8le] nucleotide 39 AFL F}E
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&2 AAsEh. Catt-ATPased] #A o
wheydlE ¢ 20% °l& ZAAFHL s AL
A Fo tFez ¥3E o gl proteases
o 93t o] AAEC] FAYTFHLOZEE o
g5lo]@ whey 2 skimmilk memebraned]
o]33 Ao g FAHTH

AfolA thE E452 AR =4 YE
¢ 24 2 24 Cat-ATPase@A o] $-f-oll A
EW3 AEHA ¥ AL A9 AHY /F
o] Bu)7]7o] Caztst ATPS diALE 24t
AzletA Ql Zolzt & AR ALEETL

9149 A4} creamol] Y& THE AAES)
FAE 5-nucleotidase”t 0.13% 0.6nmole /
min /mg protein, phosphodiesterase 17} 0.6
7 2.1, alkaline phsphatase”z} 2.0 14.32.2
cream oA Z7td v o] FFHAL
B¥ey 52 Aoz eyt o9 skim-
milk membrane E A% T} R B} 4]
23 Fe 08-S JeEd O(Table 2).
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o) nucleotide-3-14H 7483 3= ATP-
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BEEHo) gilen, of §EF R ¥
4L AGu 3 WA= 24v] 4o

ol4el AFAEL FHAATY BEAEALE
B A) et Fo ¥350] AR At
S de £3EE creamF 2R oY HE=
A3} 2ot AR {59 EH) 77 A3etA
ol Aol 7t Sl A& AlATEFAL Slth
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