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Abstract: The proteins of the ruminant erythrocyte membranes were analysed by polyacryla-
mide gel electrophoresis in sodium dodecyl sulfate, and their relations to the slow erythrocyte
sedimentation rate(ESR) of the ruminants were investigated by treating the erythrocytes with
proteinases such as trypsin, chymotrypsin and pronase, and glycosidases such as neuraminidase
and galactosidase.

Protein content in the erythrocyte membrane was 2.8510. 28 in human, 3.6040. 41 in Korean
cattle, 3.71-0.36 in Holstein, 4.1320.83 in Korean native goat and 3.94+0.56mg/ml in sheep,
showing higher in ruminant animals than in human (p<0.01).

Although the general protein profiles of the ruminant erythrocyte membranes were almost
similar to that of human, all the ruminant erythrocyte membranes showed one additional
protein band, called band~Q in the previous report on proteins of bovine erythrocyte membrane,
which migrated electrophoretically to the mid position between band-2 and band-3 in human
erythrocyte membranes.

The glycoprotein profiles of ruminant erythrocyte membranes revealed by periodic acid Schiff
(PAS) stain showed a marked difference from that of human. The PAS-1(glycophorin) and
PAS-2(sialoglycoprotein) present in human erythrocyte membranes were almost absent from
the ruminant animals. Instead, a strong PAS-positive band near the origin of the electro-
phorograms, which was named as PAS-B in the previous report on proteins of bovine ery-
throcyte membranes, was shown in the ruminant animals except sheep. In addition, the ery-
throcyte membranes of Korean native goat and sheep showed a moderate PAS-negative band
near the tracking dye of the electrophorograms, which was named as PAS-G in this study.

In the erythrocyte treated with the enzymes, the migration of each protein fracture of ery-
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throcyte membranes in response to each enzyme was diverse according to different species or

breed of ruminant animals.

moderately decreased by trypsin-,

Among others, band-Q present in ruminants was slightly or
chymotrypsin-, and pronase- treatments of the erythrocytes,

but not only in sheep. It was particularly noticeable that PAS-B, a fraction of glycoprotein,

present in ruminants except sheep, was better digested by proteinases than by glycosidases,

showing remarkable increase(p<{0.01) of the ESR in accord with complete digestion(disappe-

arance) of the PAS-B band by pronase, trypsin or chymotrypsin treatment of erythrocytes.

In sheep, there was almost no any response to the various enzymes in general protein and

glycoprotein profiles of the erythrocyte membranes except PAS-G, which was markedly decr-

eased by pronase treatment of the erythrocytes.

Nevertheless, the ESRs were accelerated in

erythrocytes treated with pronase, trypsin, chymotrypsin and neuraminidase.

Erythrocyte osmotic fragility was increased in erythrocytes treated with only pronase among

five enzymes in all the human and ruminant animals used in this study.

Key words: proteins of erythrocyte membrane, electrophoretic analysis, erythrocyte sedimen-

tation rate(ESR), proteolytic enzymes, ruminant animals.
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Chemical2t®] 7 &, p-galactosidase(5531 LA)+= BRL
A9 7 &, sodium dodecyl sulfate(SDS), Coomassie
brilliant blue R-250, acetic acide Q9] 3} FF A}
HE ArEsld . FHFE TS5l AAGS] AR
BarnsteadA}2] NANOpure cartridge systemel] % 3}4)
AA A7 Age] 18 megaohm-cmst HE A& A4&

a-chymotrypsin

basic fuchsin $& Sigma

— 446 —



34 .

ME : AFFol A+ 4 594 % (median cubital vein)
A, &, FAAE AAYAA 13§ FAVI2 TF
Aoz o 30mle] delg AH#H3ldd heparin (1001U/
mDes #§88 Astx Farldl oz ik
o 147 ol e Aol A3,

M@ 7o 22| : Heparin A2 YA-& wst o] ol
Aed wyes Bsgrh. &, 4°CelA 1000x g%
537 WAt 347 odZ(bufly coat) & FHAZY
o, g A YTE 4°C pH 8.09 0.15M NaCl-5mM
sodium phosphate buffer(PBS)&d ol £&AA 7Hd
Ay, ARz 99 o] YA FEAL v H
o, ol #e 2FE FEdo] FHeld #H7tA 33 o
A wEan o Y44 wio FEAH dF5¢ AAR
o W¥-7e Z9l-g wAEG.

g Fote 22] : 2 Q7L Fairbanks 5% Schrier
9 owpa) o] Eo] y¢d WEoE FAIAE F, 4
Hg F¥Fo] 208 £ 5mM sodium phosphate
buffer(pH8. 0)& 7bate] LHAARA 7HEA 24
g Q43 AYFg A FAAgT. 4EFAE
A At g& HYFuto] S o WA Aolx
43] o] 4 Ao, W AGA ueb FEel e
3l gelating JAAEE AAG .

HeTe oty & AYToe dgEF
Lowry 219 folin phenoldos &AsH2n,
BSAEZ g&awow Aokeh

YT a2 HETY EaAdd A" &

4% proteinases2 & trypsin, chymotrypsin % pro-

=

i

naseo] =, glycosidases® = neuraminidase ¥ galacto-
» 8Y

sidaseSol k. AYTFY ZLAeE dEFH22 Car-
raway''7} J)e@ S S F, F AxE AE
F 1mle 2.9mle] PBS(pH 8.0)d o] {475, o7

o] & 0.5mg/mlE 74stel 37°Cel 147k FA A
o}, &4 H2] % 0.05mg/mle phenylmethanesulfonyl
fluoride(PMSF) & 7l8te] #4238 AAAZRAHF. =2
¥, ZA AYFE PBSHe s AAF FL o2 FH
Pol 4} 7 wilez FETH(ghost) & ¥t
ok

ESRel &% 1 A ¢ s2Ae AYFRA AAH)
333 AH84 78%FE Yt capillary hema-
toeritx] 7} dEH o2 30ml/100mly} H=EF £3H
Yho] 93 ESRE =43¢ ch. ESR &4 w2 o
A 1.1~1.2mm, Zo|] 7.5cm? nonheparinized capil-
lary hematoerit tube(W. Germany)& o] &3} Abg
P e 24 FE 5922 § ESR/hr(90°-micro-
ESR/hr)&, 28= uoiA 4% wF3FES Y
M 24 3% 45° A2 % ESR(45°~micro~ESR/hr)
2 &4l & SEHYE 2 x4 A7 ESRe HH
£ g g e A

Moty HAM:AYTF HFHAE NaCl 4942 o]
43 454 A$AAYE] £33l spectronic spectro-
photometer 2 540nm 3ol 4 &4 3}l % hemolsyis
2 ek, A4 AL T AedA FEAA(EHLE A
)¢} NaCle] s+ AdolA 0.44%, 14 0.59
%, A%l 0.66%, WFAA 0.56%2 A I
th 12 o] AYHE AN L£¥8AAY FEETG L
ZRd) g FxdA £8 H4 FE FAIH ok
Flm2 Algd AE 0.85%9 0.6%, @-$9 Holstein
f9o] A= 0.85%9 0.7%, A4t AFlA<€ 0.85
%9 0.8%2] NaCl 5844 AFF AFHAE 4
A8t 2 % hemolysis® 24 T4z APTFEE v
& % 7hskgd o

SDS-PAGE : A 274} wtile] A7) 9 5L Laemmli

wyion AYslgdrt. acrylamide TET 8%E2,

Table 1. Comparison of protein content of erythrocyte membrane between human and ruminant

Protein content (mg/ml) of erythrocyte membrane

Korean cattle

Human Holstein Goat Sheep
No. of animal 8 8 8 8 8
Range 2.3~3.1 3.0~4.0 3.2~4.2 2.8~4.9 3.4~6.2
Mean=+SD 2.85+0.28 3,600, 41%%  3.71:£0,36%%  4,1340.83**  3.94+%0.56™*
n n;=4 n;=35
Statistic analysis F 6.98
<0.01
LSD 0. 53(t0. 05) 0.71(t0.01)

*#*: Highly significant increase in contrast with human (p<0. 01).
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YA4E 284 15°C2 =359t 9FF gl & T 2 $FL Table 1o 549 ulgl o] Apatel
AA $Ed B9¥YL Coomassie bluex, 5y ¥ ushd LEFEolA 423 %= (p<0.00).

¢ periodic acid-Schiff(PAS) A %oz 242 QA3 HETe saxeiol oft ESRY ME (5% ia
a2, ol% ¥£49 F#A=E 0.05mm slitd: F3 =7 2 AYTE AT 4T 7ko] ESRY vlaes 5F
Table 2. Comparison of erythrocyte sedimentation rate in relation to erythrocytes treated with
enzymes, such as proteinases and glycosidases, in human and ruminant animals
ESR/hr(%) in blood with erythrocytes treated by Statistic
leo. (?f BT T T analysis
Species oo "Chymo- Neura- Galacto-
- ymo eura alacto- LSD(t0. 05)
samples Control Trypsin trypsin Pronase minidase sidase  ~(t0. 01)

24+-13.5 50£12.5%% 44112.0%% 48+]12.3%F 41+£13.5%* 25%17.8 9.6~12.8

Human
(90°~micro-ESR)
Korean native cattle
(45-micro-ESR)

Holstein 8 184 4.6 47423.6%* 19+ 6.0 A7+14,5%* 204 7.1 17+ 4.7 8.7~11.7
(45-micro-ESR)

Korean native goat 8 167:26.8 41F19.9%F 45+12.8%F 62421, 4% 204-22.4 18+18.6 10.8~14.5
(45-micro-ESR)

224 4.4 22+ 6.4 18% 1.6 45:+12,6%¢ 184: 2.8 19£ 2.9 4.5~ 6.0

w

Sheep 8 231 5.3 53% 9.0** 55:k 5,0%F 45112.4%F 404-12.0%* 17+ 1.6 6.1~ 8.1
(45-micro-ESR)

**: Highly significant increase in contrast with the control (p<{0.01).

Table 3. Comparison of osmotic fragility of erythrocytes treated with the various enzymes in
human and ruminant animals

NaCl No. of % hemolysis of erythrocytes treated with Statistic

Species o blood on N Gl L Salr)u(ilysis)
sam- : ymo- eura- alacto- t0. 05
(%) ples Control ~ Trypsin trypsin Pronase minidase  sidase = ~(t0.01)

Human 0.85 8 1+ 1.2 0x 0.7 1%x 1.1 2+ 1.9 1+ 1.5 2+ 2.9 1.7~ 2.3

+
0. 60 3+ 1.9 24 2.0 11x17.1 14=+16.5% 4+ 3.4 7+£ 5.1 10.2~13.6

Korean native 0.85 7 2+ 3.0 1+22 0%0.7 11+ 7.4** 1+ 1.6 0+ 0.7 3.8~ 5.1
cattle 0.70 21424.2 20:£22.2 24:£28.7 55:27.2%¢ 12+ +13.0 22.7~30.5

Holstein 0.85 6 51 6.3 41 7.6 8+14.2 19+19.3% 3+ 6.7 1x 1.1 12.7~17.1

0.70 37:4:35.1 35:£34.2 30:£33.0 50-428.1 30+29.0 14::10.8 34.3~46.2
Korean 0.85 8  23%20.3 27425.8 32::26.6 67X15.3% 214:22.9 19+20.7 22.5~30.1
native goat 0.80 45£21.8 50£26.1 54:£26.9 Bl 6.3%* 46+£19.4 50+26.0 22.8~29.5
Sheep 0.85 8  20£17.8 18%12.2 16::13.8 57420.6** 14+12.3 14+11.6 17.6~23.5

0.80 33+23.4 31:19.8 3427.6 75+24.6%F 26:421.0 29+20.4 23.2~31.0

*. Significant increase in contrast with the control (p<{0.05).
**: Highly significant increase in contrast with the control (p<0.01).
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Fig 1. Densitometric scans of Coomassie blue steined polypeptides of human and ruminant erythrocyte
membranes, as affected by the enzyme treatments of the erythrocytes.
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Fig 2. Densitometric scans of PAS-stained glycoproteins of human and ruminant erythrocyte
membranes, as affected by the enzyme treatments of the erythrocytes.
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Table 4. Interrelation of erythrocyte sedimentation rate, erythrocyte fragility and electrophoretic
ghost protein fractions in erythrocytes treated with various enzymes such as proteinases
and glycosidases

Protein fraction, Erythrocytes treated with
Species ESR, — — SO
Fragility Trypsin  Chymotrypsin  Pronase Neuraminidase Galactosidase
Band-1 0 0 0 v v
Human Band-2 0 0 0 A% \%
Band-3 \% 2 * v A%
PAS-1,2,3 * 2 L 4 2 *
ESR #4¥ ¥4 ## H# 0
Fragility 0 0 # 0 0
Band-1 0 0 0 0 0
Band-2 1] 0 0 0 0
Korean native cattle Band-Q A% \% \% 0 0
Band-3 0 0 0 0 0
PAS-B \%2 w ¢ 0 ]
ESR 0 0 # ¥ 0 0
Fragility 0 0 & 0 0
Band-1 0 A2 \% A% \%
Band-~2 0 A% \% A% A%
Hostein Band-Q \% w w \" \%
Band-3 0 \'% v \'% \'
PAS-B * w L 4 w w
ESR #H# 0 % 0 0
Fragility 0 0 # 0 0
Band-1 v w w 0 A%
Band-2 A% w w 0 A%
Korean native goat  Band-Q A2 \% \'4 0 \%
Band-3 0 A% A% 0 0
PAS-B * * 4 w w
PAS-G 0 W * W W
ESR ## *# ## 0 0
Fragility 0 0 # 4 0 0
Band-1 0 0 0 0 0
Band-2 0 0 0 0 0
Sheep Band-Q 0 0 0 0 0
Band-3 0 0 0 0 0
PAS-G 0 0 W. oo o
ESR ¥ ¥ #4 ¥ 0
Fragility 0 0 ## 0 0
0: almost no different from the control(untreated). ¢ . Completely disappeared.
V. slightly decreased. #: Significant increase(p<{0.05).
W: morderately or severely decreased. # #: Highly significant increase(p<(0.01).
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EY, Ad A € HodMut Ex3le PAS-GE
%3] pronased] QA H& A FId Aoz A
Aok, AT HY4YL RE MFFEAA 559
I4 A2 F pronased 2l At FA(LEHFIHE B

ft.
I &

At AE 79t guje] 2/3% AstE polypeptide!~6
AV 45 eRr ¢ 15% A= A2EH o F
AMzog #5332 g IRLE 2557 Aoz
t}h, 141718 71 Z glycophorin(PAS-1 35t )& trypsin,
papain 2 bromelain® & 9w iz 2=
4 gle1}, band 3(polypeptide 30| 2}z 2 &)-& tryp-
sine]l SlHAE E#HsA ¥E 4 chymotrypsin,
pronase ¥ subtilisins} 7.8 =l B Ao 234
T A Fe dwor FHsicn o, b0

YT F4 g & band 3L A% o199 o3
ZHFlAE 2 £ % AT F4E Holzm gl
21} glycophorina}l sialoglycoprotein(PAS-2 i)
2L FAY e FE wHebA Folj Fx g oA
T FEE Mol WolE F ojd AL AYTY Y&
I o el A e Ao st BRnEm
glq_.ﬂ),?l

HEEFE AYFY Ao} A7 GESANA Ay
9 A o}E AL 2945t Coomassie blue & 4o 4]
4% HFFEAA HRo] AEY AdAE gle
band Q7 vteld A, PAS gdAdMe A ds PAS-
1,2 9 30] EF5EoAE vlFoa(Hd 4F) =€
Z2A8A ¥2(F#e, Holstein B ¥ o) wlalq
PAS-B7l d¢¢ Aogstzye FadA vehvies A,
28z A AgH A FoAE Aoy ¢ ¥ Hols
tein B ol Qe PAS-G/F Qe A€ £ 4+ Qo

Table 1o 4 2& whel el AY ot o Fage
A o2 AR FEFEAN & AL
Bgrh ol ofvtE AgdAE 9 band-Qrt W
FEAAME A ddE A, 28z Age PAS-1,2 ¢
3 Aol ¥lF3E Bl PAS-B =& PAS-GE 94X
He A T dHME otk g Aoz 29,

ol £ 7w} $Y & 9% wwo2E band |
s 2(#A spectrino}ztz &) 2 band 3918 o] &
band 1-& =t3#7 ci#ie] spectring] a-subunit(-=}ak
240,000)¢) =, band 2% spectrin® g-subunit(Ex}g
21500002 reix gleh. % band 3& A3 -Tuhg
8z E5s= ¥ integral protein2 24 anion
channel 74 & 3t& @9 A2 44 Yot =

wEEFE AT gy As] AF AN o ¥
Fa 9 ¥4 GF5FALCIFRIZ A As A
AAT AL By, Agolvt wtEFEed el o)F v
el ErgE FAdEE & 4 s+
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dutd ez YTy s ey FYste 3
AlEFL, HYFae] glolA Smwe SAFe o
A T YT, TE o 2EH ¥ gy 2
Yol proteinasesitt glycosidasesS L&A A A& Fqt
g gH, = JEe] o e 99 Eyg
TAHAA A5 Wy, AV9E4Y HEE BE
Aol 4 =2 5o v,

2.8 A, Winzler®: Al A 975 2y Ea i
42 Ay HE729 Fiql sialoglycoprotein
£ 248 sialoglycopeptidest f2l®d& @Asigan,
= oo Faase o B3] dojdr HuBsz
Ak, o]o]A Carraway''s. A YF9 trypsindlz] 2
HYTotell A sialdto] Rl g X3 APFe] o
of k&5 e] stz Yotz gt A YT trypsin
He £ o] vl = % B band-39 TR x
2 2% $HA0%E 994 Ut £3 pronase? }t
chymotrypsin®s &893 AHd-7%e polypeptide,
band 3% #3471z 3% 60,0009 £HE 2HA
Ax d#A .

ol L AL £ QAT AR uFFE AY
TAAE #el=5dde. &, A#Y AdAE ZE
Ado] 93 F2 band 3,47} Y74 EHHUz, &
3] chymotrypsin®} pronasex] 2] o) Al & band 3] 93
a459les PAS-1,2,3& 5%8 RE a4AdddA
S 2459, wFFEAAE Table 404 2
ukg} ol Wk ALy 5F £ shetw Py
9 23 FY& dgIHA deiges, 2 F 5%
H-& PAS-Bej Hg a4k Bl5H & £ 7 Ak
%, ol PAS-Bsb pronaseo] 9&lA, & o
A = pronase$} trypsine] 2@, zalz A Aok
chymotrypsine] &4 =+
Z gA A5, FA oAy a4 dAE
o ESRe dA% F7& dofivh. o AAR He}
orpwle] ol gEel PAS-BE  glycosidases® v} prote-
inasesoll A F E3slo] ESRE #AA7 Aoz w4y
A}, o]Z g video] wdtd, " AR wEF
ol glelA ¥ ESRE thi3] PAS-BY EA<f 9
A g F5 = slo] ehdst A4},

AT A 44 = 94 pronase g ol A7+ PAS-B
2 225 dAsY FAsUT. oJAo W Fo] B
oF 5% H&% pronases} A ¥t whwl-g Eafdle
b ARG EHE A Aoz 44,

wd 9ol 9lof 4 & pronase A 2] Fo A gl PAS-Ge] 7t
&7 vEbE B, WA BE B4 A TdAT
B Edo] Al o go] vreh kA op P k.

o

K

A} ¥ pronase, trypsin 2

X B35tz ESRE galactosidase # 2 & A&
WA RE HIFAA AT Fl2 Jeldew, A
7 #4494 pronased 2 FoAAut F7H I,
olst o] WF HPTFu B2 FE WMFEE &
(%9 Holstein® 4-) 9} Aef Atk Az e PAS-
B7b = A, 2932 4ztmse 9 Age) Aot
€ ATl Eolstdrh. oo FsldE ¢oz viF o
T4 4A Qletm 2

g =2

NEFE AYTIASES ¥ HUg ¥y B
Hz Alg, =3z 3%, Holstein B2, &3 Ao
At ¥ =HYg%Y AYTE proteinasesq] trypsin,
chymotrypsin @ pronase, =.2] 2 glycosidasesq] neu-
raminidase ¥ galactosidase® 3 &]%to ESReY &3
ARE A%z FAd A7 IYge #H3E
SDS-PAGE A7) d¥yez ¥4549d.

AY7et guie] Wi FFd FelA 3.600.41,
Holstein @ of 4 3.7140.36, ¥ A 4k A
4,131+0.83, = kolA 3.9410.56, el AbgelA
2.8510.28mg/ml2 A HFFEL AdA Age A
Eeh E 3= (p<0.0D).

BNEFEY AT A9 AJ dFL4LS AR
At A vlwdtg ot AR AdAe EAEHA
G = e 2 FP(ARAA band-Q2} B3
H&)o] A#e band-29 band-3 Atolel 3= 4
Aol vhebykch.

PAS 9oz HA¥ A¥Te 949 284
ArE w3 EER & A5 AAEH UG F, A
A =A% PAS-1(glycophorin) ¥ PAS-2(sialogly-
coprotein) ¥ WEFEdAE A vdedA g3, 2
HA A7 DE4Y fA slAE Yo B PAS
¥4 £HEHRAAM PAS-Bet =933 8)e] HAgE
A v A wFFE(3S, Holstein R4 2 3
A Aol vebges, B3 ¥F AN At o
FAAE A7 4549 ¥ AAE FHd FFEY
PAS §4 %80 v}, o ¥2-& PAS-G3} 99
sl o

Proteinases =& glycosidases® A 2] & A & Fo gl
olA, &4 AaAH AHEe 4 AT Gy 2y
o 4EHE WFEFTEY F 2 EFTYE e
vetin, 2 FANE B3EFod A 43+ band-
Qe H%¢ ANg volx 93FEN4E trypsin,
chymotrypsin ¥ pronase Hgle] gaA £ == 2
TEE 2 HAS 53, FEIE AL Fgyny
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2l PAS-B band7} glycosidasesX t} proteinasesel] 2]
A v-& & Fegsz =%, PAS-B bandy] 44 «
A= dA st} ESRe|] @A sA F7H(p<0.0D= <= A
olglet. =gkl glelME PAS-G ¥-¥e| pronased =
HAY Tl dul s BT ¥ YA ZE 2 =
gl 280 ZE E& A g A e
€ BolA @&sket. 2ol ® T3tz galactosidased
A & & trypsin, chymotrypsin, pronase ¥+ neura-
minidase2 A ¥ YT ESRY #AE S71&
2ok,

AYT 454 AFH L& AEFd ZE HEFEAA
thgo] 5% H4£F pronaseR AT AT F
HEE FHE 29+

ZhASl B o] Age] AYHE F¢ AYAL A
& FAR obgd B FxE FA A ogxn
e guianae ERIE 2odd 443 A s &
e
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