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Abstract

Porcine blood with 17~18% protein content is a good source of protein
for food. In this study, hydrolysates of red blood corpuscle, blood plasma and
defibrinated blood plasma were prepared by enzymatic hydrolysis with
several proteases, and evaluated for the possibility of using the enzymatic
processes for manufacturing bioactive peptides. Results showed that the
hydrolysate produced by hydrolyzing red blood corpuscle with the mixture of
trypsin, chymotrypsin and thermolysin had the highest ACE inhibitory
activity (IC50 = 0.58 mg/ml) and the highest scavenging effect on DPPH
(scavenging effect = 64.9%) after 6 hours and 10 hours hydrolysis,
respectively. And for the potential protection against Alzheimer's disease,
adding this hydrolysate into the RBE4 cell culture medium which contained
B-amyloid (23-25) could raise the survival rate of RBE4 cell from 67% to
82%. In respect of other functionalities, including reducing power,
proliferation effect on the skin fibroblast WSI1 cell, immunomodulatory
effect, anti-proliferative activity on the tumor cell line, although the
hydrolysates did not show superior capabilities than the other well-known
products, this study proved that the hydrolysate did possess such
functionalities mentioned above.

Because of the health-promoting functions possessed by the hydrolysate
of red blood corpuscles, attempt was made to evaluate the possibility of
manufacturing the product continuously using enzymatic membrane reactor.
It was found that when the enzyme/substrate ratio was at 1/5 and the
residence time 100 min, the system reached a steady state processing
condition in 2 h. The ACE inhibitory activity of the product during steady
state process was 86%, and its scavenging effect on DPPH was 54%. The
steady state process could be maintained for at least 6 h. It was also found
that the membrane process decolorated the enzyme hydrolyzed product, and
improved the appearance of the product. Therefore, it can be concluded that
hydrolyzing the red blood corpuscles in a membrane reactor with a mixture
of proteases 1s a potentially feasible method for producing a
health-promoting product.

Keywords: porcine blood, enzymatic hydrolysis, bioactive peptides,
functionality
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& fedBiz A 500 nm Bl kB 0 B % T
K f# 5 (hydrolyzating ratio) & % (34%) ¥
FF CFED PR R R R RS AL
(5%)HEF A EP PR prbho koo R
BEEE 2 KiEFEEE F 9% ~ 8% 6% -
CpLF R R kR Y A
i 0 i 25 3 [76] < $R(1999)71* £ 48
fih kokfapbdop o B EFEE KfES Y

l_

3

R IE S Rt
kfger A 2 2 rEcqE g Ao Ry i
w3320 & F)S o HoRfRPRERF 2L @i
* = [79] -

Chen %(1996) # 3 * & kv "KfZ%
WL MY > B2 pH BT $#Hig
BT BEF R R K
fRR T R fig LB AR 4 ¥ pH
B 6.7-69 P L i F I
F 3 Bix 24t ¥ 52 5% [78] - Shahidi and
Amarowicz (1996) 12 # F Jk & 2. capelin
protein hydrolysates (CPH)% seal protein
hydrolysates (SPH) /,91‘ ‘v %+ [P-carotene /
linoleate #-;% 4 5t@ » 3L CPH - &
¢, % # ImgCPH ¢ » H4ER & ¢
PR EALY 5 B EF Ly LiE 2
7 e 5mg & lOmgCPHﬁ;fl.%’n‘,i it g 4
AP 2o TP AR l%*“,z’]‘ ‘v 1 mg ¥ 2 mg CPH
Jﬁ ; &= SPH &2#¢ » Zide 5 mg SPH%‘ S
60 2 75 4 4B % 22 % 4r 10 mg SPH ¥ 47
BIPERN S AR L Er 5 A 7t 1
mg SPH Jﬁ @ 45-~105 2 120 Av\?f,%_lf‘??—%i’if]?
4r 2 mg SPH Jﬁ % 30-120 ~ 48 fodydl] i
AEPRLIR BT Y 0 7 MR
F 14 H[80]

Chen %(1996) 4p i+ & F-d -k 2t
2o A3 R s Bu ib S Mk en
Leu-Leu-Pro-His-His (LLPHH) £ BHT %
BHA " $i00 3 e 1 8x10-7~ 4x10-4M &5
KR PRIN 0 #oF A4t BHA G %
7 BHT 2 ¢ » BB k3> DR R g b
B X A 4Fam AR R SRR
RS R R R E S S
LA S Bt B R B R ORER Y fL
3 VAR IRA 2. A 3 £ [78] Yamaguchi
%(1979)11 Sephadex G-25 4 #-Kjzi% =
RIE AL CUEE B IR (R RO e
2+ Ewgtiad 2 BI2(A F &
1357.4)> @ & + £ K fug v B
#.33[76] - Chen % (1995) #-Fii it iF 1
5 2. <~ & v Protease S -KjF4 i
Sephadex G-25 & #t2_ » A F £ 43T
1400 Da 2 322547 7 & 8 5 [77] $:(1999)
SRR A A S £ U
Superdex peptide Fp/i ¢ i T34 > &



* kot 2+ £ & 660-920 Da 4RI 27
AR AR TR RS R R
FILEM2 M e S o RET A ) A
+%k£*mmm%$“mﬁW%

Bishov and Henick (1972) 1«
Hydrolyzed vegetable protein (HVP) &
BHA % # 75 fig(tocopherol, vitamin E) f¢ p#
iT#* » %3 HVP ¥&2 BHA - Vitamin E &
3 43 i 2 4p 3k »% % (synergistic effect)
[81] - Chen % (1996) ™+ & v ¥ eh=
f&= & (glycinin ~ B-conglycinin % basic
7S globulin) 1 * f% 2% -KjZ » % % Ao b
IS RfRER A L R
Mofe By VRE Y S HFE LR
mEgeht 2 H¢  BHA dvc%k 5 b
i# > =x % tocopherol > m BHT &% A %
>[78] -
(T#ed s Bokes

= F o o¥ OF O® - pF
(angiotensin-converting enzyme, ACE) &
WERBE-L P 5 % % % (rennin-
angiotensin system, RAS)e— B > 4c[@] 2
H 1% § % Angiotensin I (7 % 1 3])-k
jad & E G o4 s gl ier o
Angiotensin I » ® i & 5 m § #5& (€
e % % (bradykinin) % f2 @ 4 2 H iF
oo fra B FA FA[101-102] 4o a re
Urie BRI TV EAEe R A g
W% o ACEL (& B fciga & 1 prdr 4 #)
72 ACE 3¢ B3 ACE #i - B ¥
angiotensin Il 74 = 2 bradykinin gk
oo Tt o dok 4 & ¢ § 3 ACEL $3%
BOEE R o B g ff%}a_l_mm;:%
[103] - Oshima % # 1979 &3k Fj8 8
R0 FY A gdE g "§Lgﬁ iy R
PR R4 dxe®E e B 3 o [104] 5
Masuda %3t 1996 & % f|* £ 2 M43 &
& < B (spontaneously hypertensive rat,
SHR):t {7 /& i85k » 2% FId F i
B R ACEI 2757 12§ s ' M X
B B[105]: @ g e Bk 3 (%3 §—‘§
¥R G AR B p 8 R
ACE #rild > Rhi & 8.8 & 39 Fo
KfEA Y > & 3EPF-v (casein) > 1 F F-v

(zein) ; & LG d B KK R W o 4o

AP~ AR [106]

FI* 2 A TR R R AL
¢ ACE #r4]iE 427 F o F % (1997) ™
pepsin 'K f# < B Z & 7+ 0 & ¥ ACE v
AR IS Y B107]5 @ Arihara %
Al g2 AL RO E OFREE A
L8 (7K f2 0 % % 2 pepsin (K fEi% dr ) F
30% % # ™ ~ thermolysin -k f&  #r 4] &
86% 5 B % [108]Jeon & H#-4E 4. K j2 4 &
AL e A0 B %#E#’&*?ﬁi Kz o
3kD T R A AT S B A
[109] «

ACEI 7% 5 4p > ACEl ¥ +
(Captopril £)* **in kB n BE 5 3% 7 B

2
I

i,¢ _L»

L e A i Lot = R U
FoE R g 4L T
o PET A6 H ACEI%#“# F K
G 1 o
(8)H s »3PX
JEd xR E - REEFER
SUEESRE G AR A B 1T [82] o S
F-v (casein) trypsin -K % %k £ caseino-
phosphopeptides (CPP)# fra i 7 j7 c4f
WL Pl AT UK R AT
SRR 0 HIE A RREHT S e o 4 284
CPP 2% 5 SerP-SerP-SerP-Glu-Glu %
I B E[83] -
(= )8R
BB R - B YL R il v A3
BURSEEE AP T o RATR Y 2 T
4w (1) # % im ( microfiltration, i £
MF ) (2) 428 /g ( ultrafiltraion, § # UF ) (3)
% 5F iF g (nanofiltration, NF) (4 ) i % i%
( reverse osmosis, f§ - RO )e— 4 & * &~ 5 &
3] & #c i ( molecular weight cut- off, A
MWCO Yk & TR A 2 X &3 & o B
B TR B A 2 A’\""%%] SIS 002 - 20
um Z_fF > :};&IF}EJ 9% 1-Sbar 22 F 5 42
@zfﬁ"i“ﬁsb T A 2o+ X 7 0.002- 0.2 pm
T 5 500 - 300,000 Dalton 2_ 4 & » 3 %
BA YA 1-10bar 22 F 5 2 K Bigi &4
200-1000Dalton 2. A F ; i %1% endfe (T h 12
P LG PR e - 3
B2 FEBRALZ RS KD 3BTk
B RILMR TR R RIS & > 8@ & Bk gF



e g matii 515 A uT o gkir
A G H 20-80 bar 2 [ o
MR S WA S N
EEMAE -z s BaiRBIRAET S
B AR 2 S R Rl e (MWCO ) v e
H_d 4 F 972 I ( cellulose acetate ;
polysulfone ; polyether ; polyamide ; teflon ;
alumina % ) %@ MWCO #igspk » 2
FELS YK TR oo ‘f?i‘ Mmoo ’&_155
PO PR T B s TN
I‘W%ﬁm"ﬁmlaﬁ%
2 B R 0 R RARF 0 B 3«
P ] AR AR T e A
BRETART S T e ¥R kA 2

E o

2~ R - P e SO F R T
R A g e A A o p i AR 2
HeRGR £

3~ mffhde it - FF7
2R R TR

% 0T 4 B B 2 ke
il S ST T T S

R j\/ﬂ R Rk Koo i kg MR TE e
£ o

(a4

A4 Fhied - RFAEIRS] LT
X

GO (€1 f T EEE B R
(module )siE# g § £ & o BRI E
7 waé 1 Elmp ?H’L ~ Rk :L’EF
PEEES T NES FIEIEN T
Jeo F xpkié m:a:a‘&

AT HLPE o WA FE G BT
% ( permeate ) > 7 ¢ il d5 IR FL SR R
(retentate ) © i% /it i# & ( permeation rate ) f§ fi
Fon g (flux ) AR ErkE i & 5
F oW BRI OFE G FORA R
R @#'m‘lﬁ_ﬁﬁ*ﬁ BRI
(= )V%F B

R X T T S SRR )

B
B
B

B

lan

AR AL P KL A B Y
AX2 P AFAFT A EL LSS A

HofrE F et - @ F R (CSTR)
RAEEF o F R E 7 TR ETRITEA
WAL FEEAF BLXFTFAAFE
AN YIS FI A 6 T 7
%béjiiﬂﬁ%’%éﬁﬂwﬂﬁiidﬂ?

4

A S RIS A RS T R

=3

B EAFR Y 0 R TAIH A o d R L
Yo g B A GBI o FT LE AR B

b

R RS CEECE S
FOET %585 34 ( dead-end stirred cells,
DESC ) ~ 7% 3" "5 J& % ( membrane recycle
reactors, MRR ) ~ P il ;% %°F i % ( cascade
membrane reactors, CMR )

1~ ﬁJ"‘“‘*J“47%«1:'1'1‘§(DESC) :

S k) ng_};}@agmng 2
KR oo 4 rpée fi% F Rt kY s oa R
1 /Z‘n" E"JZ BT 1Y "’L’N”zm 1127]“? [ mﬁ B e
PP e LRt E R R F T MER
o it IR o F]PEEB R L F A 0 3E
ot 2 R F BT FHHRS S BE -
2 A% HF e E(MRR) :

- AR ( CSTR )P &7 F
oo F il 3 6T I 64T R
Ay oprE *%F@i%?ﬂ&"%’*
WA IV > FIN A € TN 7 U
A Y T
FRT

gy EAFR Y
FABIE L GRBR ;
Bidrdq) o b A ¥ R * X ARRE
Foododes FRBKI & B2 ok fE o
3-8 B3R B E(CMR):

T ST Iy SRy
B o gt Ed T s R R R T
oo B IR T R R
FREMB B N fgido pa§ L
PR REY TS - L5 -8
R T e R T R X
Pood e B 2 Bk REE R 0 B
REXNT-BRFREEY O FT R I
B B HTE BERE f o e d Y05
FEEF bl it oK A A B R R
ﬁoﬁf—ﬁM{&&@—&@%aﬁ
T I R R s
AEEY RBEY R - BF R oot
“m%+*““%“—9$5£’—ﬁ/

P TR

ERTFBES R LER R

mABFE
NS EEE

/\‘

L X

[
s

S

v
[

~
z

%

o
9

3
LA

Fémlt

ol
&
A N

RS

F o F i Z & BEF

o



TR

2 PEROPEE S D BRI

3 PrR T L phakiE B FY ERSE
kT2 gL -

AfrE mF 2t - BEEAFES ]
TR G BB AL EATR e 2 5
B o HIFIAFAHEF o

= 3P

ARRLHELE 3 a2 2P Y
FO17-18%:42 Fv o 5 - 4F b g G
T3k e B XA A B S N EST
PR EERRESSL P 1}\-‘:’??,}577

SR e e ke R R 2

e R R Y 2
Faei 4R 2 i 3 5
1 R H @ }if '**;L,,zﬁ»n kg o
Flpt o RGBT B B R UpEE ok
[E i\iéi#ﬁié'l“iﬂi}?ﬁ°ﬂ" R
?gﬁﬁﬂ%ﬁ:uﬁéﬁsViIﬂiiiﬁlﬁoﬁ*? jfft‘

4 A 39 J (fibrinogen) fr 3% » F] -+ VI
(Clotting Factor VI) ¥ta =5 & F e 7 i%
B ool g F) s ok Ak - K

AR Binh iR o AT iR g

fAR - #ﬁliﬁé%n’_ﬁ%'frza\ s
PR PR A OkR o A AL P
ESLER T 2 hl el A
PR
(CHOtEsET

DR R RO ]f]ﬂ‘ﬂ i i# w\%éﬁj’%&pﬂ‘
%’%%wﬂi«fjﬁﬁ PR B AN (Fun )1 B

BERE 05% wiv: a5 d e (6000xg)
15 248> A 3w Ik 3 o :Pfc A B RE T
20°C & 3 - i R L i [84]
EUE NI A S F?ﬂ_jf( o @ If ‘_n_j]{»‘ 3
HFadv ko 3]{»’/’: 21 ST £ T FITL e
LSS I
(= )5t ﬁi‘”—% ki
L '}E/&ﬁ’i‘i‘fﬁﬁpu Hen IR ‘ﬂ—j]% 3
PR S J]{’ﬁo%él%\u%)i Lo 1%2 % i
o FEE RS 1 E Py *F fEE Alcalase
% Flavourzyme ( #& p  Novo Nordisk,

Bagsvaerd, Denmark) # = #& 42 fi¥ % trypsin
(P p Biocon, Nagoya, Japan), chymotrypsin
% thermolysin (P& p  Sigma, St. Louis
USA) kfgigit 2 R ~pH-f2 4% 5 Lt
38°C, 7.0, trypsin ~ II: 35°C, 7.5, trypsm .
chymotrypsin % thermolysin 2. 1:1:1 & &
= » III: 55°C, 7.5, Alcalase » IV: 55°C, 7.0,
Alcalase 2 Flavourzyme 2 1:1 8 & 47 o #-2 ml
05% FE %342 50m 2 Fiznr-®

(E/S=1/50)» #>*0> 2> 6> 10> 24 | p&
Bedfoo BoR 2 KRR 3T 100°C 44t 15 4 48 o

f% Jiﬁ’iﬁ" %5 0 THEe (23400 g) 15 A
iy /p ui"}'\4clpq I?VE * oo
(;) FHLIRA L AR ¢ VRA A 17[85]

0.3 ml 10% 5- sulfosaliclic acid (SSA) e
IS 12ml Kz > 4CT# % 30min {8 > 4
C ™ 32 (6000xg)10 4 4= F 5 4 0.45 um
//,%1 i /f,%],,ji' R4 rs 'Ig*ljéﬁﬁg ‘)ffr iiz " *’?
(Beckman 6300, Fullerton, CA, USA) -
(m )PPk & B % [86]

25ml 100mM sodium tetraborate ~ 2.5ml
20% SDS ~ 1 ml OPA (40 mg o-
Phthaldialdehyde /% *t ® B ¢ ) ~ 100 pl
B-mercaptoethanol » + iff % 5. % 42 ¢ ST & 1
50 ml > B~ 2 ml R &% 4c 50 ul sample * J&
B A 4 {8 2 TP 340nm v Gk B o R W AR Y
1~0.8~0.6~0.4-0.2mg/ml Leu-Gly % i% -
(Z )7k j# & (Degree of hydrolysis)ip] [87]

1 ~ %%k f& % (amino nitrogen)

B~ 0.25ml (K2 > BN S FEE Y o
4v ~ 2ml 0.2125M Fips i =% (pH 8.2)%
2ml 0.1% OPA » *t 50C T &= ¥ - &
60min( 2 AZ/E T #¥F 4L R) » B S 4 » 4ml
OINHCIl 2 F - T3 3B T8% 34
30min {4 B] T4 & 340nm 2 v% sk {E o
2~ F &% % F (total nitrogen)

P~F J& Ohr 2. 0.1ml p% % KR (f% 2%
A A Y SR e g 10min o o4 > i%’fg‘f
R)o B %“Av\ff*‘g ¥ 5 4e x 4ml 6N HCI >
BRifpF T EZ4F o LHAfEFE > 110
Cm_ﬂjcs] r oo FE R 24hr o J\f@/&ﬁ »> 2ml 71
fﬁ]‘/}é‘@/& 1}51{ Kf ﬁ'x_l.#b ’ ‘ﬂ/{:}%/‘\ Iml
AZAE-RKP L OPA 2 Ble P~ = 2-Kfgiko
3R HuE

12025 mlz 7 kA& 025 mM ~ 0.125

W



mM % 0.025 mM s-leucine % % %

v H AR '%—n SR EJEAP oo
DH(%) = h-ho/ho-hg x 100%
RS BERES S
hg o A-KjEa 2 SRR R Gk R
ht % 2RFERY AL TR

(5 )- S A A5
1~-kA
7 ALO.A.C.(1984)3 Zp|Z o B-x 3

g 2RI HR SN LICE L M T
ﬁ%fﬁﬁéﬂywmt;ﬁ%%ﬂSJ
P oo Bl i ;i‘“$ FENRS O FIHFE

=R

Fd TN E SR
’JUV\(%)—(AJrB C) /Ax100
AR
B: Mt

C:105Cazk s 2
2~ B g A

%+ A.O.A.C.(1984) > ;2 » 12 Soxhlet
EE PR EHRFSALETRAFRAD
105°C 48 dc%k 4h > 1o BEZBE 5B o
3 e F

% 2 grex 2 (Kjeldhl method)(A.O.A.C.,
1984)4c 11 &2 47 o B~ 0.5 g ik sot &4 » 20
mL Frfig > e § 4 2% % (Model 2006,
Foss tecator, Sweden ) 4 fi#1s 12 e\ § 74
%% (Model 2100, Foss tecator, Sweden ) i
FHREFzZ8FE oiEZEF 2 REL R
625 LS RD T2 7R e
4~ A& 2Pl

HAR2 g b fotm B~ 2 E i f
? oo 02 550-600C 2 A it g it o 3 A gt
AN SRS T A 4"19%0—& °
KA RT NE

A (%) =W;—W, / S x100
Wo © BB £ (2)
Wi k& ot 82 HFEL(
St EEE()

(- )/ﬁ‘“ﬁ DPPH p o K :P[3#[88]

BABRIml &k 0 4c > 4ml 75 uM
DPPH(® fi$i3/%) &R E&T# % 60 min >
Ris £ 517 nm R B H ek B > T2
a-tocopherol 2 BHT ¥ & ¥4 % o

% Inhibition=(A¢-A-As)/Agx 100%

Aok v vk i

AF R4 F )t

AgEx v 4 ﬂ\ B i sk g
(~)E R 4 R1E[89]

P~05ml# - RFERER 2_-Kfgd o 4o~
0.5 ml 0.1 M Phosphate buffer (pH 6.6) %
0.5ml 0.1% Potassium ferricyanide » ** 50°C -k
i 20 A gE (S ARIF R A Ero de 2 0.5 ml 10%
trichloroacetic acid (trichloroacetic acid in 95%
ethanol);3 /% > £ * 0.45 pum %538 g a2 3 ",%
FAP o HigiRdE der dml FAE-KE 0.8ml
0.1 ferric chloride (# i 4%/% & 3.5% HCI)%
0 R A3 10 A 414 7 700 nm 2.k
& 8 1Y 100 200 ppm Vit C 1538 i # W4 g o
(4 )#Frdla § fcif 5 i iz % (ACE)# 12
[90-91]

B~ 300ul 0.33mM hippuryl-his-leu 2 30ul
KfEZ o £ 4eo~ 50ul 0.16U/ml ACE( M4
300mM NaCl z. 100mM #p& 4 =% pH 8.3
fe@l) > » 37TC-kis WP RTF & 30 ~ 48
f¢ o 4ex 380ul 22 INHCI ¥ - F o 3 0
‘e (blank) £_r ARk R E KRR o d04)
Y PR EAERTAREZRER LA
e 2% 2% sk 4e » 380pl 22 INHCL» #
Bl AR ERAPR o F R SE A
L5ml e e fia o Al EE 15 ) F5F b
¥ e hippuric acid » £ 3t (1800xg) 5 4 45 »
Bt iR Iml> B~ ¥ - @E P oo Bt
Kig A B I gk 5 0k o F e r Iml ZAK
BRI R Ak £ 228nm Z s B B o
()t ok fiziR w4 [92]

F ¢ 7 gk 2 & i g " (Hollow
fiber ultrafiltration membrane):& {7 4 &g » i *
Z_ A2 Ip 2 A+ £ F & (Molecular weight
cut-off) £ %] % 1000 ~ 3000 2 10,000 Da - i#
2 TR 25C 0 B G 20psic § A
#-400ml -k fZ7% 12 10k Da 3538 7 4 3> &
ﬁiﬁ-@ﬁc’.ﬂ&‘ﬁgﬁ‘ 'iéiﬁ—"" J\ ’ l§<§/n R
(permeate)t % = RMAH 2 6 B > B R F
/% (retentate) #8 4% = 100ml » % %k g
300ml> 4ot ¥ F 2 73 2+ £ ) 3 10kD 9
HongE A FE A3 10 kD E gk 0 £ &
PR iR 2 F % 4 3000 ~ 1000Da e
BEFAYRIESFET Fe B F A (510000,
10000~3000, 3000~1000, <1000 Da) * &1 i
B4 T



retentate

feed _ | !

UF system

\Lpermeate

(% = gl e 35 4 1A (93]
ik B 1x10%/mlim e & 273 96 wellss %
AP (100ul/well) Fe & 38 % {6 > 3t & wellp 4e
N 10Ul B 32 % 24 ] PR 0 M8 K R d
* 3 ZFBSw G2 3 &% > &4 r 50ul
2mg/ml MTT » # & 2 -] BF{s > Bwellp 3 7%
A5 > g 4e ~ 150ul DMSO;R E=ER IS
570nmip| F 3 kB o
(- = )Raw 264.7 ‘m*z 2 %
1 ~ Raw 264.7 ‘m*z 2 %
Raw 264.7 PLp P2 A & %1 £ 58
BF T a3 P o o 2% 90%
DMEM -~ 10% FBS ~ 100 units/ml penicillin
% 100 pg/ml streptomycinds & £ > ¥ %
5% CO, ~ 37°C iR 32 % 6 » ¥ e Bt 4x
107 /mLi F PEig (7 N 1 % o i TP %
P R AT 9 REEE . U7 B
BT s B me e Boif o me kR
*+ 24 well microplate® (& well 900 ul¥ %

3 TNF-a ~ 17

ook "e@:lxlO) ?24}11@’%#"&—“—
,?‘—;k%%’»ﬁgv 7 4o 100 pli &3 & 72his > #
2% @%511311“.\37"?/;1’% 3 ‘EL_Av\’f‘? °

2 ~ TNF-a 4 47

¢ * R&D SYSTEMS Duoset cytokine
kit ;p) T_F ¥ s $k Raw 264.7 & b2 ‘m¥e
Bk p R ORI R RARE BT
5 It 7 -

4v ~ 100 pl 0.8 pg/ml Capture Antibody
396 well ¢ 0 3R TR IR R (14~16
hr) o

e R ) o 32 Wash Buffer 7 =
S(EF=x 2000 FOEH “’fﬁ'ﬁ‘ii) Bfs— =X

/F/}E‘;{,g’#ﬁ F OB NS M oo S x

10

,%’\'—‘- w

300 ul/well Block Buffer FHETOE D
J Bé? ‘Q‘-"E"‘H}%/F == 4~ 100 l,ll
standard & sample( mE R A k) 0 Wl
2hr > 4om o F e = =0 de o 100 pl/wall
Detection Antibody » #x ¥ ** % /8 2 hr > 4e=
# B oF £ = =& o 4o~ 100 pliwell
Streptavidin-HRP > # & 3z ¥ > 3 ;& 20
min » 4ow ) Fge = = 0 4o x 100 pl/well
Substrate Solution » # k 3c ¥ 3~ % 8 20
min- 4r > 50 pl/well Stop Solution *# i+ & &
BACEER R £ 355 > Wi# P 2450 nm
7& BE(T P BdF 2 540nm 2 570nm K it) o
AR B T2 R ST

0.8
0.6
2
ZQ; 04
y = 0.0005x + 0.0553
0.2 R?=0.9862
O I I
0 500 1000 1500
TNF-a (pg/ml)

(= )WSI ‘w2 %

WS1p P B2 4 831 23 BF 7 47
W R Y o o 32 % 90% MEM - 10%
FBS ~ 200 units/ml penicillin 2 200 pg/ml
streptomycini— o TE 5% CO, ~37C
R & 4§ e BiE % 1x10° /mL12 + e
f”ﬁ%‘ll‘ﬁ'fp% o FRIE(TR HRPF - é_,m’?z?i‘aigi
9 &% PF > M trypsin-EDTA#-fm 2 B~ T » 3+ 4
mie He o Beif f sk BB 96 well
microplate‘l (& well 90ulsz & % » ¥ B 5x
10) 35 % 24 hid > Lok i % AT G4
10 ulﬁ B & 240t > BEMTITA 47 ©
(2 )% % 4% B-amyloid 7c & A 45[93]
1 ~ Neuro 2A ‘m¥# 35 %

Neuro 2ARp PABZE A 3 51 ¥ B
FLF A hne iy ¢ s 038 % 3 89% MEM.
10% FBS~1% NEAA ~ 100 units/ml penicillin
% 100 pg/ml streptomyciniﬁ D S ]
5% CO2~37ClEE %4 ¢ mwe it 1
X106 /mL 1l b pFiE (7 3 & gt (79 B
B o e BB T 9 & R pF s
trypsin-EDTA #-im #2 B~ T » 2+ & ‘m¥e #ic » B



i F ek B 48> 96 well microplate® (#
well 90pl3s % ;% » ‘w7z ¥ 5x10%) > 2 % 24 h
L #% 5 1% = 5 2 15uM
B-amyloid(25-35)33 & 7 & 7 & 1% 5 > &
74 10 plik 532 & 48his > & FMTT A 47 o
2 ~ RBE4 ‘m#z 33 % [94]
RBE4 ‘wm*z & #d Dr. Roux#t i - 32
% > 44% o-MEM ~ 44% Ham’s F10~10%
FBS ~ 1% penicillin/streptomycin ~ 1%
Geneticin~0.1% bFGF#: % £ » ¥ 2% % 3t 5%
CO,~37CIER % > & wre it 1x10°
/mLiz b PR (TSN R o AR TE SR
B e E T 9 & RPF > Mitrypsin-EDTA¥-
M BT s P E mie e Boif gy me kR
F8> 96 well microplate® (& well 90ul3s %
%o e e 5x10%) > & 48 his o {#E
1% 72 15uM B-amyloid(25- 35)&‘“ % i
7 1% 5 0 7t 10 ik &1 % 48h
i > BEAMTTA 7 o
(+ 2 )MTT %~ 7
MTT & - #& tetrazolium salt > 2> % &_
3-[4,5-dimethylthiazol-2-yl1]2,5-diphenyl-tetraz
olium bromide > 5 — % ¢ N H > T ¥ ALE
fm % v T T AR R AR 8 (mitochondria) ¥ &0
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- S REiLREs
Blood Blood plasma Red blood corpuscle
concentrate

Dry solids (%) 18 ~20 8~9 28 ~ 37
Protein (%) 13~15 6~8 28 ~ 38
Fat (%) <1 0.1~1 1
Carbohydrate (%) <1 <1 <1
Salts (%) 2 1.5 1~3
Water (%) 80 ~ 82 90 ~ 91 61 ~ 63
ZZ ~mRY AR PgIRR e
Cholesterol 50 (mg/100 ml) In red blood cell

152 ~ 154 In plasma
Lecithin 72 In plasma
Sphingomyelin 21 In plasma
Linoleic acid 27 ~42 In plasma
Linolenic acid 0.7~4.0 In plasma
Arachidonic acid 21 ~24 In plasma
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Table 5. Changes in related dipeptide carnosine of porcine red blood corpuscle
during hydrolysis with (A)mixture of trypsin, chymotrypsin, thermolysin

(B) alcalase .
(ng /ml)
hydrolysis time (h)
Enzyme
0 2 6 10 24
TCT - 45.7 125.2 157.3 123.3
Alcalase - - 90.9 119.1

*TCT: a mixture of trypsin, chymotrypsin, thermolysin

Table 6. ACE inhibitory activities of the hydrolysates of red blood corpuscle, blood plasma
and defibrinated blood plasma.

Protein source Protease’ ACE inhibitory activity
hydrolysis time (h)  1Csq value (mg/ml)

red blood corpuscle T 10 2.80
TCT 6 0.58
A 2 1.60
AF 10 1.24
blood plasma T 10 4.10
TCT 2 0.80
A 6 1.24
AF 2 1.37

defibrinated blood T - -
plasma TCT 2 1.06
A 24 2.20

AF - -

* T: trypsin, TCT: mixture of trypsin. Chymotrypsin and thermolysin, A: alcalase, AF: mixture of alcalase
and flavourzyme
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Table 7. Scavenging effect on a,0-diphenyl-B-picrylhydrazyl (DPPH) radical of the
hydrolysates of red blood corpuscle, blood plasma and defibrinated blood plasma.

DPPH scavenging effect (%0)

1 *
Protein source Protease hydrolysis time (h) DPPH
red blood corpuscle T 24 20.2
TCT 10 64.9
A 10 62.3
AF - -
blood plasma T 24 11.5
TCT 24 24.4
A 24 30.8
AF - -
Defibrinated blood T - -
plasma TCT 24 22.4
A 24 23.4
AF - -

* T: trypsin, TCT: mixture of trypsin. Chymotrypsin and thermolysin, A: alcalase, AF: mixture of alcalase
and flavourzyme

Table 8. Reducing power of the hydrolysates of red blood corpuscle, blood plasma and
defibrinated blood plasma.

Reducing power

Protein source Protease*

hydrolysis time (h) OD700

red blood corpuscle T 24 0.223
TCT 24 0.099
A 2 0.182

AF - -

blood plasma T - -
TCT 24 0.082
A 10 0.051

AF - -

defibrinated blood T - -
plasma TCT 24 0.059
A 24 0.031

AF - -

* Tt trypsin, TCT: mixture of trypsin. Chymotrypsin and thermolysin, A: alcalase, AF: mixture of alcalase
and flavourzyme

23



Table 9. Effects of the hydrolysates of red blood corpuscle, blood plasma and defibrinated
blood plasma on the stimulation of RAW 264.7 secreting TNF-a.

1 %
Protein source Protease hydrolysis time (h) TNF-a ( pg/ml)

red blood corpuscle T 10 94
TCT 2 336
A 10 692
AF 10 305
blood plasma T 2 160
TCT 24 601
A 10 314

AF 6 83

defibrinated blood T 24 341
plasma TCT 2 429
A 6 329
AF 6 189

* T: trypsin, TCT: mixture of trypsin. Chymotrypsin and thermolysin, A: alcalase, AF: mixture of alcalase and
flavourzyme

Control: 28.04 TNF-o  pg/ml
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# -+ ~ R & & (Trypsin Chymotrypsm Thermolysin)-K f% 7% & 3% 6 -] BF
ZkfEpH e B A3 E %2 ACE ICs) (mg/ml)

Molecular weight ACE ICsy (mg/ml)
<1000 0.66
1000~3000 0.38
3000~10000 1.08
>10000 2.23

# L — ~ 1R & 2% (Trypsin » Chymotrypsm Thermolysin) K f% 7 & % 10

PRk fRR A e A %2 DPPH g od AR 5
Molecular weight DPPH scavenging effect (%0)

<1000 21%

1000~3000 65%

3000~10000 13%

>10000 4%

500 ppm a-tocopherol 95%

500 ppm BHT 95%
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tetradecapeptide renin substrate

I
Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-Leu-Val-Tyr-Ser-R

(renin substrate, angiotensinogen)
‘renin

Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu + Leu-Val-Tyr-Ser-R

(angiotensin I)
angiotensin-converting enzymc

Asp-Arg-Val-Tyr-Ile-His-Pro-Phe + His-Leu

(angiotensin II)

W=~ TREE 2 F R Y B F AR e R
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Fig. 3. Elution patterns of porcine red blood corpuscle solution on Sephadex G-25 columnchromatography after (A) 10

hour (B) 2 hour hydrolysis with mixture of trypsin. chymotrypsin and thermolysin. Column: 1.5 X 90cm
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