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Biochemical Studies on the Fish Blood-XV

On the Species Specificity in the Combination of Serum
Protein with Anionic and Cationic Dyes

Kaname SAITO

Abstract

Combination of fish serum protein with a cationic dye, methylene blue and with
two anionic dyes, methyl orange and bromophenol blue, was studied by equilibrium
dialysis, paper electrophoretic analysis and spectrophotometry. The results obtained
were summarized as follows.

1) As to the binding ability with methyl orange of various serum proteins, it
was ascertained that a considerable amount of methyl orange can be bound with the
serum protein of teleosts such as, Scomber tapeinocephalus, Niphon spinosus, Chryso-
phrys major, Thunnus thynnus, Coryphaena hippurus and Mugil cephalus, and also with
the mammalian serum protein (rabbit and bovine), but to the serum protein of
elasmobranchs such as Dasyatis akajei, Mustelus griseus, Orectolobus japonicus and
Carcharhinus albimarginatus, such binding ability wae barely observed. (Fig. 1). While,
the amount of methylene blue bound to serum protein was found to be quite small
in any cases. (Fig. 2). In case of teleosts, the binding ability with methyl orange
of serum protein varied with kinds of fish and was found in the following order.

Bovine (control)>> Scomber tapeinocephalus, Thunnus thynnus> Chrysophrys major,
Mugil cephalus.

2) In the electrophoretic diagrams obtained from the mixture of serum and
bromophenol blue, in case of teleosts and control animals there were two peaks of
A and B, while in elasmobranchs there was one (A) peak only. (Fig. 5). Peak A
(purple) is occassioned by free bromophenol blue and Peak B (blue) is brought forth
by the combination of albumin fraction and bromophenol blue. Namely, in case of
serum protein of teleosts and control animals there were observed the combination
of bromophenol blue with albumin component and a metachromasis according to
this combination, but in case of serum protein of elasmobranchs no such phenomenon
could be observed.

3) In the adsorption spectra obtained from the mixture of serum and bromo-
phenol blue, in case of elasmobranchs the adsorption maximum was observed, as in
the case of free bromophenol blue (blank), at about 595 my, while in teleosts and
control animals the maximum was at about 605 my. (Fig. 6). That is, the serum
protein of elasmobranchs does not show metacromasis. In the case in which me-
thylene blue and congo red were used in place of bromophenol blue no such differ-
ence in adsorption maximum was found between any samples. (Fig. 7 and 8). From
these results it has been ascertained that the serum protein of elasmobranchs, unlike
that of teleosts or higher vertebrates, is lacking in albumin component which is rich
in cation radicals,
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3k, BEELAELAY LORKEREZIEL T, HRASTHLLSESESL, A
B HIC A & v AbHSE R il ER T o e M WREL e b, Zhic X > CHEBEOMWHE
LR i LA S X 5 iTie ol

Klotz P OBFgRIC X oC, WAL ClRIEEBE I X b (A1 X v O FEGEN
ZLLRDZLRELMCIN TSN D, ARMEWOMGHERECOWT @RI A v O
Bomeke, chalipbsdsc e X Vlfo—iiafd o L dAREL B b D.
Li)»l,«fé@kxj%&a Lz OFBOWFITRIEITHON T X W) Th D

ST EHHBENTEC X o CAFENICIERAE L %A A v & @%rl{%?@v Kdic L & A,
TS O & WO 008 b CIL B T & methyl orange (anion) & OFEARICE L\ 2RO
bbb L, FOEBEITHTESSY Gl AFEINTE R ORI 2 b S FRRAEERE &
BRBHRD L B &k R ER LS.

2 B o

SEEBAHL ORI I 12 2 T FTHD TN ST E L, MO FRTIX RS 5 R D
BRI ROEHR, ARENFESFOED LI DAV,
FH - R OTEA L 45 2 OTRE R IRT LIROML Th 5.

i E R
= 4 Cyprinus carpio (LINNE) 530 g
R 7 Mugil cephalus LINNE 480 g
< ¥ 4 Chrysophys major TEMMINCK et SCHLEGEL 710 g
i = Niphon spinosus CUVIER et VALENCIENNES 1,420 g
A =z Coryphena nippurus LINNE 1,010 g
=< P Scomber tapeinocephalus BLEEKER 960 g
Y ) o Katswonus Pelamis (LINNE) 1,310 g
et Thunnus thynnus (LINNE) 71kg
v rAHF R Mustelus griseus PIETSCHMANN 2,180 g
S R i s Orectolobus japonicus REGAN 22 kg
DASEA Carcharhinus albimarginatus (RUPPLL) 14 kg
T h=A Dasyatis akajei (MULLER et HENLE) 1,890 g
D TR Squalus mitsukurii JORDAN et FOWLER 11 kg

SR & L AR, FELOY > 2V, FoBERmERAR & L QR albumin
(GKE]. Armour Lab. 4#l) % e,

AR ORI & Ak - PERYEREAE L 1958 4E 10 20 B 1959 41 3 [ & TORICHER B &
T OEECIREL S DC, HROAEIXERT 17~19°C, 1002KET 13~14C %7R

* KHEd 1959 4F 4 A H AUKBESESAER RS (B THE L.
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Uic. Eic= AR TR O X D MRk 70 O TYoKEIX 10~14C ©
BHeoYE;
£ B F &

PRI - REERE DI, RO B sl AL OFERE - BIBE L Co 2 S5 X 4,
SIS 2 TRER D BILE D H RN AN, DO IHEINC/ED THRIL L 72.

MLIE D5k © MU A KR (4~6'C) HIHY 6 R HLE L 7 504k (3,000 r.p.m.
1045f]) LB ML ERTL .

IH5 2 FETA W O Fa0L ¢ Ak L i w v m 7 vHEEE T A, Mol/15 BEERHEARRT
(pH 7.3) HIZR\THY 4C T 20 BRBAT L 7ctk, Al (FHpesEss 2.5~3.0mg/5
ml) OERPEEFRW LIz, e HECE U T 4 O ¥ ¥ FREEHE CArEREO BB HA
Weled X 5 WL CHve.

FEAROUGEZ « Klotz IO D T B BT HEI U e, Bl (385 & A
B er 77 YBETHL, WENPFEHTELIE, ORBEOBIERYHIEL, —FR
ELTEAE YR ERWIET T, ZOMEFRE—&MFL Uica 0aIRRIKOIEER JIE L,
WHOENHEAF LA LICBRREHM L.

35 L LTk anion @ methyl orange (B O &G & cation ¢ methylene
blue (Merck &, {b52F) # M 7c.

methyl Orange

5 e~ e,

methylene blue

N N
Q00 000
(CHy),N S N(CHy), CH,N S N(CHy),
+

FHT B 1> TIAEH, RTREVOFBIEEZATEEL, Wom {727k,

B : € 77 YR 20 ) AFREWGET B O C EEEO MR LA MBS
Z L ig B . methylene blue DA IIIHT & OMEEAIDNER K bz, £ & CEEF T —E
T B OFEFIERE 31mm, £& 60mm OFEO—Ifctr 7y vEEEZ 1LY D)7
TR I,

HOMMEICer 7y YEHESREDL DT Ay P ¥ &, 7o LIl 60°C
DRFG 74 YEED, TANY FOEGE r 7y YO D i Easa 52835 7 4
YCHED. er 7y YHULTFOEAKTIOHHBERL R, HLVWARHKC—RKBREL -
PO EFlBWioctr 7y VR A BE L R LD Z L 13— OB I
DY &Gl D & %« FELOIn < LU CE27 #rds% T, methyl orange (JgE 10x10~°
Mol/l) ZiBBRC LB L, PHTRERER, GROBEEXHE L /iR, FERAgEE 5.52+
0.04 X 10~°Mol/l Z457-Z & M DEfRE NS,

BATERAE © BTRCOMUIE R HESI S ml ZBITHAICAN, &y —FIOPEEED BRI
10m! # ANEHAICEA <BL, SHC=2R% L, 6~8C DOBsRic 48 a3
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4
5. TRREEER L BIEO e 7y VAL S LRV X SIS, EEK 3mm ORFTE
BEACHTD T b ORBT, O LICENEL E.

BBEOREA RO FEATESI O Ml © T pE,  AIFRIEH M OGFRREEY FLtE R T
%. (EPO-II AsrotiErepest, WEm 1em, JIEME methyl orange ¥A¥E Cik 460 my,
methylene blue?A¥ Tl 670mp). = OFEPE (A) XHACH B leh o7 AFEDIREETH
3. FREC L TR (BRAk—EBEOWBEER) WWii) 5 ROTFMEEEE (A 2RkD 5
L, (A—(A) M BEHE LHEA LGFEO RSN S.  OfA R bATIMIEERR
DI BEATES A T 5720, B3RIREEY KWL TR L, Klotz
BT e EsEEREE (A) CosHEmR) L&RAREEESRE Img M) oA r L OBR
AR, i

=S

A. BRERSEMHDISBR

sl A OISR LR R OFHFENTHEIC X 07e s, HILT « ZORREBIFC OV TR L.

o pH L E3EIRPED Y < Klotz IS0 7 » DIl albumin 12T O LT
i1, BEERA v IIEE L BEAROBARETS LR LRV E IR T, £ZTA
B { EIRIEAETE (Mol/15KH;PO,—Mol/15 NagHPO, i) % Fi\ 7o b3, YT D
MFEEE BT A5kl L L, methyl orange & OFEAWCKIE T FEER D PH & (AFRIREED 24
oW THET L fofiila Table 1 /R 7e.

Table 1. Influence of pH of M./15 phosphate buffer

solution upon the binding of methyl o-ange
to rabbit serum protein.

Concn. of dye Bound dye (10-8M.)

(10-6 M./1.)

pH 53 | pH 7.3 | pH 87
40 135 135 { 138
80 285 \ 28.8 \ 29.2

Equilibrium dialysis : 5 ml. of protein solution (prot.-N concn. 2.5~3.0mg./5 ml.) in
the inside cell was dialyzed against 10ml. of dye solution in the outside cell through
cellophane for 48 hr. at 6~8°C. Control dialysis was set up in order to make cor-
rection for adsorption of dye on membrane itself. Amount of bound dye was calculated
from the difference in the equilibrium concentration of free dye in the outside cell
between protein-containing dialysis system and control.

COREEI Y B L, ERO pHE T IRD pH THFEARICRED L\ 2 &AM
R, COX 5 IcEEEL e 4 KOy v ¥ 2 OMEERREOSAC D bR, HICHEIRR
B 2 O L C AR RN 2 MHIC s LR bRV L bLNTEHS.

DA OB 3 ¥ ARG LS O A pH GE pH 7.3 OREFBERMRK - AL,
SRR EE A ORI A P 23 b S TR L e,

A DT EITIE DA 1 KRR UICBREIL albumin & ¥ > OMYEE
FAWs, —iub & methyl orange D5 KIE S FITHEED B O\ TGS L ek
Tabel 2 (R Lic. = OFEHNC X 5 &, SURHE OREFIREES L Th, ThC AL T
FEARIRIIL 70\ 2 L D BNB. fEOTAERTIL, BHEEREEN 2.5~3.0mg/5m/

Cieh X 5 HE L TERLC.
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Table 2. Influence of protein concentration upon the
binding of methyl orange to serum protein.

Concn. of protein Bound dye

ample (N mg./5 ml) (108 M.)
4.0 28.5
Albumin* 2.0 19.5
1.0 11.2
6.0 22.2
Bovine** 3.0 15.4
1.5 8.7

|

Concn. of dve 40>10-6 M./1., M./15 posphate buffer solution pH 7.3.
The bovine serum albumin was obtained from Armour
Laboratories (U. S. A.).
##  Dialyzed serum.

B. MEF=E'E & methyl orange & U methylene blue & ofE&

BHTILLE DE5 A SR 1 BFR O S FCTRL L 7o SRt MG E B ETA 2 vy, methyl
orange J (% methylene blue D iEILEEC ST 5 R B DR it v 2R THFHE
Ay Fig. 1 RO 2 o Chab. Tols, & OFHIAMEIE & 6~10 fEfKIC DT
KDIAEDTIETEH 5.

Fig. 1 @ (A) 133 e LcB#my albumin & v > OMiFERAE ORGSR Tl 5 75,
Wisrdtic methyl orange DLEAIC)E U Thie b OFEGRART L EMLNTCHD. Fic
BT B REEER R Y D OF AR AEE P EAE X V2378 ) SR L 72T\ B,

WD [B), (C) B FABECETS K7, 74, 77RO T~ IS EORE M
ThBH, S DOBEAIETS MIEEAEL methyl orange & 2>7e DFHGT5 & L I3
B2 Thd. L& % ORATEMIRBEMIOE & X ) —fac/ha <, SMEC X hHET
DERE DL BEALD. Hba<x3 A< v OMERKAIT T4 LR THLD
S SRR HNER L L 7o DT\ B . A0 actomyosin 1K % methyl orange Okt
CHAFEIC L XL D LA, RITKRERHEL TW5.

Ko (D) G AECET 5y v 2, Ad e, YO r RO T I =1 OFETHBHH,
SRS O FEEOE AR MIEABE & methyl orange X OFEFEHM B2 Tl RIS E)
WK O FFE OG AC HEARF A RRICE L WEREBHD bS.

Fig. 2 % cation (535 Tk %5 methylene blue DIFEDOFEITEH H23, CHIC X B L
B f At fadRIC I i R BT & methylene blue & OFEEFRIIMED TN\ & 2337
XN, anion BEDLAIC AR SN X 5 Il RNz v,

JELYE DR A e ¢ BRSO L B A L U U O R, SR IER P RS ELS
PrENc B U WERRS S, T 2T, cRbOE (FEL L TR L trimethylamine oxide)
MILFE LTS D2 1 5 EW T, BT % L 7o\ EYE % AV C methyl orange &
DFE GRS CTHI. £ ORER SRR Fig. 3 Th 5.

TR LB L, AEEE bIEIEEOEA BTG D& & BE < bk Fiadhiaond
e nEmE NG, Klotz FOSM 3 Ee0 JRIEHME albumin & methyl orange & D4
PHHFBEN D T, BRCHSE LR 2w 5367 815 L MEL TV 50, KRERSE
PEFCEEmE (P Ao miEIRFER 762~89T mg/dl) XD ¥ AL CHIMIEHE
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Fig. 1. Binding of methyl orange to serum proteins of fishes and
bovine in phosphate buffer solution at pH 7.3.

[AJ: Control. [BJ: Marine teleosts. [CJ: Marine teleosts.
[DJ: Marine elasmobranchs.
SR éi@%AkkM?o EAE R DRAEITR A KT\ Z E DB B ATl 5.

A MLE OFG & ik © AirRo4n < HeE fE o MmiFHE B E % methyl orange & D54 H3EH
EThWD, Shu 4’% T OPRE TR BRI albumin 2 Ot gl i A 4« OF) & ClR A
LIEBEEonThiaaiteRd Thic.  WICHEAERESEHIC OV AL &
wa Fig. 4 @wmRL7-.

COFEE I D IS, v e F R ENT b= 4 SoMmFCEEnY albumin,
TRO= T AHZOMELIRAT 5 L EHRBRECE LTk OSRERT I cis.

O X5 I EFNENTILE 2 WA IE OBA T b RARCED bhvic. 7oA
SO M R AEIRR pH R BERIERTTR D IRAINC X > T whB 3 % B BIBE OHRsD TR
USRI B DT H 2 L 2 TRV L TV B0, & DB 2 BITE R X ecigs
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bt go e R ® X
i Mugtl cephalus ﬂustelus griseus
Bt AR A
:; ; 5t C/myp?uwna hippurus 5t g Orectolobus japonicus
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m|o
— [o) ) o @ X
[a¥] A.OM An ®
0 a0 02010 AQ . o B R0%0 O0
] 5 10 B0 100 | 5 10 h0 100

Free dye>106 M./1.

Fig. 2. Binding of methylene blue to serum proteins of fishes and
bovine in phosphate buffer solution at pH 7.3.

[A]): Control.

L L a EFEOF AT IRA L
IO TN R L TV 5.

2. BEAFAVICLDEER
(metachromasis)*

A. MFELBFTERD KERICHOLND
metachromasis

FeCHE D ILYE 2 EVET OO IRAREE &L KRR
f'ﬁﬁ%%¢~OV“Ciw$W)fﬂV\tﬁ)
T T OSSR MEHEEEL L bromo-
phenol blue » DFHEEHAIT O T Hikd

R T 1958 4R 11H, B AUKIESFRILNK
LTHRRER L.

[BJ): Marine teleosts.
{D): Marine elasmobranchs.

[CJ: Marine teleosts.

151
o J /?bov'ne
% ® I\ g
=} ﬁeothunnus albacora
% A 2 5 A
~ ChrySophrTys major
~le0 o X 7
9 \E, Orectolobus
= Japonicus
E|5
| &
o|°
=
©Ig st
=
ale
3[s
Mo
I
0

Free dye> 106M./1.

Fig. 3. Binding of methyl orange to serum
of fishes and bovine in phosphate buffer
solution at pH 7.3.
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2 o albumin (0 bovine ( o 2.

X ° ° /»j 4 Ch sophrys major

&= /ﬁstclus griseus ﬁustalus griseus ® Z’
e A albi— Mus. A bov.— Mus. asyatzs akajet
2 G of o} & chri—Das.

(o]

E|§
|t

e
=i 5 st
ElE
el

- o

o 5 10 50 100 o 5 10 50 100 o 5 10 50 100
Free byeX 108 M./1. Free dyex108 M./1. Free dyex108 M./1.

Fig. 4. Binding of methyl orange to mixed serum in phosphate
buffer solution at pH 7.3.
A\ The mixtures contained each serum proteins in approximately equal concentration.

BHEET RN L. BIbIRES KNS T 1 S BB 2 sk 5 BRIy 7t 5 s
albumin O—EREEIC KT 2 BEHE 2 MHLCH 5 7o, Tl albumin 33 AR D
IM{fIc bromophenol blue # YA LTk 5 & LAk B, & OF A fc ¥ o EIE fHO
MECEA L L & A, FMEEOIMEEPEL, ogEtEl oA & 57 b bromophenol
blue DFHEAICHE: > metachromasis X g\ 2 W S ERBASEM DL 5 & L 2R LA,

82 R @ %

SRRt L 7o AR OV 4 OISR ONT 240 D OFERSH K OUKBE 1T A 1 L [F
Hchs.
= B
I —ESRIRE O FHEL © bromophenol blue ([ 2k ), methyl orange (e 5,
methylene blue (Merck #{b52f) % O¢ congo red (FHE—#5) % A\, & % OiiEta
T2 TR L.

bromophenol o B congo red
blue HO

Br c\ (D e e m
SOH HO,

PRIEEE - WHRIEERKEEEE C 52 —Heos L TV . Bib REEE OBk
BT & P U, S5y ORI 5 & 5 icBis Le.  (RHIIRTHDS
2D

PRENRE * WY CHRRT Lo RICHES 3 SOPRIRAE No. 51 2 BARAREMTHE (PHL7.8, 2 0.1)
G, L 032mA/em, KEERE 15 W, AEHEHE 6~8°C, ZEIELIEE 0.2~0.3
mg/cm DEAFTCHKEIL 2.

URENERAR © PKTNER O IRRC 2 2182, WE-Z 7 4 YIB L, HREEYbT %O E L
tEEr (S-17y, filter V-02) 1T X > Tk 7z,
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2 R B &

bromophenol blue & MLHFIRIE D pKENR  HEERIILIE O 7% O FAIFNATR & FriE SeF T C Ik Bh
L, WHOEEHARNC X Dk o skl 4 7792 Fig. 5 o cbb. KD [A) 1k
blomophenol blue ¢ Z % HiAlC pkEh L 74 OFEE-Ch 575, anion 535 Ch % bromo-
phenol blue [XPHHIC[F]D T2 I DV BENT 5 L3 FMI 5. KD [B] X BEYEMmIF
albumin ¢ bromophenol blue J£iE O pKENFL T D3, & DAL A & B O DDkl
D& HRIA. B albumin & bromophenol blue DA pkEE<C, A % albumin &
i%ﬁ L7c\> 4> bromophenol blue DikEikTh 5 & LT 45« DHTHE L DA TE
B. ZOHE AETERATHD O L BIREEAYE L. COFHEE LD MyF albumin
% bromophenol blue »#E&4 5 & diczst 4, Hit metachromasis -4 o & pSEifiE
Iha.

Ko [C] k7 > OiiEic bromophenol blue %4 U7Tcina Ok EhihifiCch 505, =0
Ak [B] Ol albumin D354 L FEHNC A & B OpkENED RS B, albumin DL

5 !
A BeBGn W A
-logT 8
2
I
IR B B Ay -
51 ' B)
st albumin i
L Fig. 5.
~Log T 2 B g 8
‘2 Paper electrophoretic diagrams
6.0 : . of serum-bromophenol blue
: 2 4 6 8 10 AL
5 © mixtures.
4[ % < bovine i
-logT ;: B
It [AJ, [(B) and [C]: Control.
°': D e e e e (D) and CEJ: Teleosts.
Jd 9 Acypnnus carpio (F) and [G): Elasmobranchs.
A
~logT :_ B
b /\/\ A : Purple colored peak.
o.g 9 i . . . 5 T B: Blue colored peak.
st R 94 Chrysophrys major
~logT N B 5 . 5
2 Phosphate buffer solution pp
;' ) . . ~ 7.8; 1 0.1; intensity of current
0‘5_ 2 4 6 8 10 0.32m A/cm.; duration of e-
4 U AMustelus greseus A lectrophoresis 15 hr.; temp.
LogT Llg 6~8°C.; protein concentration
12' 0.2~0.3 mg./cm.
R A T ; ?
7 0T Dasyatis akages A
sl
Llog T l
b
£ 2 4 & 8 0

Distance of migration(cm.)
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SROFEE (ou, az, B KO r-globulin [X43) o pkEhEf4s- 1 1% bromophenol blue = % %
G, MIbREGRH bitic v, Zimchbo globulin XIMCdh, FFEIc X b Z8E#H
(HgClz) %t blomophenol blue i CHta 3 % L3535 (FIHYZM)

K> (D] & (B) 3BEEAECET 24 L ~F 4 )BT H B0 chbois
X REM DY & I # A 2 fl 0 Jk B & metachromasis 2338 Hivs. O X 5 7%
BEIM D EEEE e DL AT b AR b,

—FHBEARECE TS r AL T I =4 Clk (F] X0 [G) wirlLiml, (Al 0
H &« iR KN AR 2 R 3. HlD A OJKENED B2 3 By, S B & i S &
btz B OF OO GRTIGIIID e, 20 k5 B gaiio gt oo bk
WENI. DLLEo$EEL b, EAEOMIGICIMOERMEc A b5 X 5 7 albumin
XDTh A EAEAE LT & DEEIE X, £ Ot DI @ fa 8 o Iis 4 F 213 bromophenol
blue & metachromasis #jfd X 7g\ s &\ 5 FlIRSGEIE 2RI 2 L 3G E LS.

Moo a3 & MVEFIRIE O KT © SEEFEHTEcik albumin & B 52 Ak & %73 L 72 methyl
orange 12O\ C b AR SIFCHREIRZ kD TH Ty, AGFIFrEREIC KT 5 BiRic
K35 ShThEEDS albumin X5 J b /N&E £, bromophenol blue D41 A bivic X 5 7l
o & OfEE &by, TR BEBREDRD bitichol.

Z O T D R U < anion A35Ch %A bromophenol blue 75755 methyl orange X b
}y, Iy albumin & OFEEINRETh 5 LHEE S A, WIC cation 535 Th %5 methylene
blue CIXIMEDEHE & XN IKEI L, %7 congo red CIXiFE L C b I &b
EEY, DDA E MIFRE O KEIRICIEER 2284 S Gl b or.

B. & & BREROBINIE"

EEE L SRR O e o Tk Klotz?, Teresi'® FAG DR /e BF 3% 5.

Bk o<, BeF 3 ClLimyE & bromophenol blue JEjE D pkEIXIC metachromasis )3
D B AL TR\ DKL KRB & B E AH DA X BHE /e metachromasis 2330 Hih
fz. 2O X 5 7x metachromasis 2NEE % &, UAREGIHIFK & 1K & OCHRARMEDZEL
DMED LEZ B, & TR L TRDICERR O B4 2 ISR T A Bk coaBEE
EEETA H -, Ml bromophenol blue K OV (835 % Iz CHUhftaskedbic & & 5,
metachromasis % B ICHAERNC I C & 72,

£ B o B

2 R M #
SRR A U e S OV 4 O SERRERNC 2 A B O BRI L OVKES oA 1 & Rk
Thb.
£ B A &E
MTE—E SR OFEL « U R EEEE O MR LB L ¢, 4 5T L ioidic it &,
1M 0.2 ml i pH o Mol/ 15 EfktE#zmigy 2 ml 2z, Ziuc 0.015% bromophenol
blue YA 0.1 ml, ¥ 7- methylene blue » congo red D41 0.01% Ak 0.1ml Z iR
LCHEOHIEH L 7o, 7kiEiEmys albumin CIXZEHELS 1 mg/m! OFK, F7-

*okapAy 1958 4E 11, HAUKEESNMNARETHRE U,
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BATMLLE D3 AL B E s 2.5 mg/ml O ATRL, chbd 02ml .
Wl OVER: © B azattEoeEest BPU2 Gskebic D AHffilne, e 2 (ma)
wEOoTERbLE.

£ R K 2
bromophenol blue & ff ik O WM « pH 7.3 O BREREREMIR & F\,  fifdo &k
“GEHHI L 7- bromophenol blue & Iy DL D Talked 7l % Fig. 6 WCiRL7e.
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Fig. 6. Absorption spectra of bromophenol blue solution in
serum of fishes and bovine.
(A}, (B] and [C]J: Original serum. [DJ: Dialyzed serum.
(E]J: Effect of pH. (F): Effect of protein concentration.
The serum-dye mixture consisted of 0.1 ml. of 0.015 % bromophenol
blue, 2.0 ml. of M./15 phosphate buffer solution, and 0.2ml. of serum.
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X [A] OfEHL X b, bromophenol blue @ blank Gl RI-EDY 595 me [HITICZ B
BOCH L, ZHIUCEEYEmEE albumin & 5 o OIEE &M 5 & FoxiEA 605 me [
SR B o L DGR E NS,

fECcERD (A, [B), RO [Cl CRT IO, HEAECERT > >rERX, TH=
A4, AA O Tl bromophenol blue ® blank & BZ % FIEEICH A IEDS 595 me Fit
FICHONZDIEH L =4, <P, 77, =74 KEKZ OmEHEFAIHOMEE CIx
BEYEMm G albumin OV HEMIOE & & FERC 605 my IR KIEN RS bhvs.

DL oG X0 PSS f5E © M X 0 SERASEL o Mg & 13 FL D bromophenol blue
& metachromasis ZH X 7o\ & W S FEGSEWEO L 5 L R BATEH 5.

C ORISR AR E O pH 223t (PH 5.3~8.7) I¥7=HA &b, P OFRAE
BrZb (885EL LT 0.5~25mg) ¥ HACh AR Bo bt (Fig. 6 (E] RO
(F) 2[).

LRG0 ¥ AL 55 0FETH 525, Bikon < B fdH & i g &
TG OIERHRELER R FE L WERNL 5 O T, BEHELIFOIAERLS DL %
ERT, BRI Y LB oW C b AERCET L T4k,

= DfEHE Fig. 6 [D] IR LAy, il iid o JFIE o 24 L R3ED 7e Wi
Chote. B ORE L D EIEORT metachromasis 156 U CikItAid 5 2 B Disk
D RS> DR TRD TN L MR 5.

Mo> €5,35 & IR o W dh i« et ys & methylene blue DRI D\ TCsikad fo IGIY
iz Fig. 7 wiRL .

— M.B.(blank) —_ Y

. P
I vy v bovine o Scom;grt;peinote/;mws ¥
0.2 4 o} -y
—— 3 5.3 5
Hiteins griseus ok %"‘%Sg_z”“rysm“f."'
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Fig. 7. Absorption spectra of methylene blue solution in
serum of fishes and bovine.
The serum-dye mixture consisted of 0.1 ml. of 0.01 5 methylene blue, 2.0 ml.
of M./15 phosphate buffer solution (pH 7.3), and 0.2ml. of serum.

B AfazEo blank ClifkikEn 665 mu [EEICEH 523, S HUCHIREM (ALOS
), BUEAECET S =24, I3, <A ROCEAECE TS v ¥ 2, 7h=g
S5 M & VR L T b BERIERICIA A EZED B b
¥z congo red & I{E DIREIC D\ TsRked W s Fig. 8 RicaxL 7z,

congo red @ blank CIEFRIEN 495 me [HEICE 558, ZiucdEmiE 2L <
HERIERICTR A EZbD3HZ b vTau.
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Fig. 8.
0.6} Absorption spectra of congo
red solution in serum
of fishes.
D o4f
The serum-dye mixture
- —— C.R.(blank) consisted of 0.1ml of
= |
- C'_l/p‘rbn‘?l.s carpio 0.01% congo red, 20 ml. of
2 —o—3 TS
Scomb%r}ta,pmnocepha,ms M./15 phosphate buffer so-
—.— 2 s
i M’ZLStCHLS griseus lution (pH 7.3), and 0.2
ml. of serum.
0.0

360 410 480 490 B0 50 520 530 540
A(mu)

I[H’o, = b HEEGLE bromophenol blue MEFAICA BV metachromasis 121
2 WHEE 7 TR S BU L 0 B v/ a7z, Aid methylene blue DA EEOBIRT
J‘o Db, THSMEROREE B OIS,

% =

DL EOSEREEE L D, MIEEET L AROBAC AR DR BTRIAEIRY, BRI
DIFEEE LR OZERIC BT % L fEINBHOT, Tz DRI DWW TET DB Y
H&le.

Klotz F25 DHEMC I % &, 15 IO FRREHE OH ¢, pH 7 LT cation 332 fi L
7o O A E 78, %7 methyl orange & 54 Lc b DL albumin f-lactoglobulin
DI, 1MIE globulin ZEA L2 02 & Th 5. AFERTHIMLET albumin (Afii4)
|+ methyl orange (anion) & [iHinciia 3 %O L methylene blue (cation) & i
AETRA D O, chbOHEL Y, Fig 1 (A WWRLY ¥ OIiFERRAL
oFEs gL, FRCEEh b albumin GEEHE RO 50% wlidb) ﬁsgiyqaf&]
CEMAL T\~ 5 & 2 XN Tl h. %7 methyl orange & 7>7g b Offid ik w7 L IR

FAEOMTEEREC S albumin KoDIFET 5 2 &1 t@ﬁz_{{.;ﬂz AL T\ 5D, methyl
orange & DA B A T e\ HERICE AJE © MFEFEAENT L, FEGY Tl 7o <
albumin K433 Hhio\n & IR ERCET 5. _:}%@mu—;}ﬁ@rﬁ b, ZhichEi
albumin B albumin X434 S MiEHEEE L RMT 5 L e ) Ofi &R &R 41580,
Hko Klotz B0 DfEH4% X » UCd AAEOMIFEAL & methyl orange & DfFATEC
ZobUSEME, FOMEEREC albumin K% KT 5 FERICHSET 2 B L fif
n5. ooz LT Fig. 5 OSBREEE X VIEEEND.

WA O BRI L hud, MIEEEELEHR 4 Y LofacAbh s R
Br, ikt anion (B35 TH 5 methyl orange » bromophenol blue DIAITFID B i
Fo. —RCHEEEET L A A Y AT B DIiL, BESTFHICHIGT 54 A vk
DAL SEE T 5%, AET S L5 BT TCEARST, LA X vIIEIRA A
SRS EES L5 efrEich D, HOoOAFRREASTLELRT WIRWEBICA A v b
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RHLIETIRINEI DI, 20X 5 e * VR BEAST R b RIS ICE A 753
THOT, EHHOHIBCKRE Y EL 5L 50 THBL AL, ZORKEDHSEE
BEEDD D, HOmL Klotz KDDL IH) 15 FOMKELE G, 7 15 pH
T, cation AR LIEA LD DIIFAA LTV DTH B2, & OB L CRESIH
TEHBEDOSTHO OH MM 7 3 /IO COO- L IHT il KR AR 5 2 75
TR BB T 5. HE Ao mEEEE © bEE 0T % 3 cation 351 &4
ALENZ L DRDONIZ L LD, LOSHTPICERAETEL A VICESESH A A (b1
72 anion iR DD T 7o\ IUIHES LG 5. 7= anion (335Gl % methyl orange o
Zitr, IfE albumin (37270 ) OFEARATRT O LT  BRREEECH D 75285 71—
globulin (IfEA LR\ WO TH . ZDHHUL r—globuin Tk -FHiic hydroxyamino %%
DL\ DT cation FiE OH FE & AFPFEA LR L TV 5 DIkl L albumin GliE4-FH
I OH 3£ X D cation 3:A3 20 7o D £\~ 7c® anion (4352 BEEEICK AT 2 L 2% bh 5D,
FEHOMIERAT D 7 2 /7 BRERIEDM BT CH 50 B FMIc B2 IS/ A%, A
BROFER LD, WEASIXLEIC albumin Ko7 & FTHASE L D b IEERTOAT
FICRT % A & v (bl cation &R, HIDRSHICE LD BMAEL Q Al 5 R
FRMOLH 2 Z LITFHIND. TS L TG AEIE AT ED L 4 Hds
FETRATEBR A E A T\ D & ik RGN & BRI AR L T\ B k5 ©
b5,

i =

FRFFR O fF W D W T IMEEE L & methyl orange (anion t12%), bromophenol blue
(anion 33%) % 0" methylene blue (cation 435) %5 & 0 Ak 4 FFERIET © SEHGENT
if FESUKENE R O BORRHIE I & Y MET L, B fadE & W 0 & oIS R
& anion A58 L DIEFAMITH Ie D TSRO S 5 = L 2B L.

D BEE AT RS 5 A0 M E S B IREM (A, FERC 7)) 0ms s
[FIERIC methyl orange & BHE 7ol 4 %74 OICH LIkE fAdHIC® 3% b 0 Cli i okis
DB TIhD7z. —75 methylene blue 1Tk LT i, £ASbElIEcisA BT Db T 4
<, methyl orange DIFAICH BITe X 5 T IETER IR EUTEED bvehoTe. oh

DORERL Y BUE I L WA AR & CRIMIEEEFIATHO A > (L1 12 cation JERICHs
O MEDE D L BEMEINS.

methyl orange o RALIMLYEE L ik b OFE A Rk PR AT IREMID 554 X b —iic
Ple, EFRBEEHAECET 230 TCLARIC L VETOXDOL S & L 2.

I) ifufif & bromophenol blue IR DKENX & skadtz & = 7, SIRTIM & B fadE 0%

#31% bromophenol blue (1) & albumin [X45-0fk4 LizikBhie (5€) A358 & Hie
DXL, WHFEDEAL, ZORIMERZ LI DT, Hlb s T & S a8 o
15 ¢k albumin XZMc3f4 % bromophenol blue dff4 2, FHictE 5 metachromasis
DD BB MIE FIHCE T 2 A M TR ORENR LD b hichote. &
DR B B IE AE O MG AL albumin K450% KT 5 & & DEFfR R Nt

I My & 7ovk M5 2K 4 FT & bromophenol bive i O Wl flifit 2 skdTc & = 5, BB
RIHCR T % M T1L bromophenol blue  blank & [EEEICHY 595 mu (CHA TN
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MEED BB L, S IREM & BE AR FE DG AVT IR RN IEEN Y 605 mu 123l
metachromasis 7230 BH2sCZ BHivtz.  bromophenol blue Df{H 1z, methylene blue &Efix
congo ted # Fi\ o AL AR RER IR D2 A TR A &R D Igh 2T,

B kst & WS £ L i fE L ClRMEE A & anion ta3R L OfEA M VR,
FRNERDL B & & &I, C AU T ASERTC I 1) B M iE R AR R D25, vi-—-k
o B O MV A4 & v (kL7 cation 2ERICE {5 albumin RAMRDH g &

HEEKN T % L ATOSEHRRR X W HEEL .

D W RBIE AT 5 WM D, dEE RS MR AR S BN T S o7 X
K EEDFZET AT B R T 5. F I AR O — RIS A BB TA% D S A
WIS, BLTHEYET .
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