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Introduction

In 1901 Karl Landsteiner® classified the human blood groups by dis-
covering the agglutinogens A and B in human erythrocytes according to
the isohemagglutination. This blood grouping was named the “ABO
System”. In 1910-1911 von Dungern and Hirschfeld®® confirmed that
the blood group is a hereditary charactor. And then the trigemic theory
was advanced by Bernstein® and Furuhata®™. Thus the fundamental
idea of blood groups was established. Furthermore, besides the classifica-
tion by ABO system, such antigens as CP®, M, NOOmm&Hwne G gnd
Rh have come to be discovered. As for various mammals except human
being the blood grouping by ischemagglutination, isohemolysis19)20)21):2)25)
and immune antibodies? 2% have been worked out by many investi-
gators. On the other hand by discussing on the distribution of the partial
antigens®»0iBnsBOBEesD of agch receptors in human erythroeytes, the pro-
blem of the systematic evolution of various animals was studied. Moreover
the indexing of heterotype antigens®»"0 and the analysis of the strue-
ture of each type of receptors were worked out.

By these results the application scope of the blood groups covers on
clinical medicine, medical jurisprudence#X)i5)  oaneticsDPDENNEN0 g1
anthropology®?»#3, _

The author, fixing attention on the said points, is working at the
serological studies on whales. At first he tried to classify the antigens
in each kind of whale erythrocytes, and he discovered the two antigens,
namely De, and De,, in the erythrocytes of the striped dolphin which
belongs to the toothed whale. Consequently the dolphin bloods are classi-
fied into three kinds.® In the same manner as the above mentioned
idea he immunized the rabbits with the erythroeytes of each kind
of baleen whales, namely the sei-whale® caught near Bonin Islands,
the fin-, blue- and humpback-whales of the northern Pacific Ocean. By
thus obtained immune antibodies, he discovered the antigens Bb,—-Bb,,
Bp~Bp,, Bm,—Bm, and Mn,-Mn, respectively. In consequence he was able
to classify the whale bloods into the four kinds in each species respec-
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tively.

Most of this study was performed through various difficulties on the
whaling factory ship “Baikal-maru”, and owes very much to the com-
prehension and assistance by each member of the Division of northern Pacific
Whaling Operation of the Kyokuyo-Hogei Co. Ltd., to whom the author
express here his appreciation. The author also express his hearty thanks
to Prof. Tanemoto Furuhata of the Institute of Legal Medicine, Tokyo
Medical and Dental University for his kindness in guiding and in reading
the original manuseript: to Emeritus Prof. Tkusaku Amemiya and Prof.
Yoshio Hiyama, Both of the Fisheries Department, Faculty of Agriculture,
Tokyo University, who kindly read the original manusecript: to Prof. Teizo
Ogawa of the Anatomical Institute, Faculty of Medicine, Tokyo University,
for his valuable advice in naming the antigens: to Dr. Hideo Omura,
chief of the first Biological Research Section, Fisheries Agency, and Dr.
Tsutomu Maruyama, chief of the Whales Research Institute, for their usual
encouragements, and to Dr. Katsumi Yamaguchi who has guided the
author directly and given him a precious advice.

Material and Method

Erythrocytes and Serum of Whale: When a whale was pulled up to
the working deck and its tail flukes were cut off, the blood which flowed
out of the caudal artery was collected in a bottle. After coagulation,
the erythrocytes were separated and cleaned with the physiological salt
solution. These erythrocytes were used for immunization adsorption and
reaction test., The separated serum was made inactive in the warm bath
of 56°C for 30 minutes. And then the physiological salt solution with
59 carbolic acid was added, its quantity being 1/10 of that of the serum.
After enough mixing it was preserved in the ice box.

Human FErythrocytes: The blood was taken from the elbow vein of a
healthy person and was cleaned several times with the physiological salt
solution and then centrifuged. The precipitated erythrocytes were used
for adsorption, agglutination and hemolysis.

Immune Animal: The rabbit used for immunization must be healthy
and 2.5 to 3.0kg. in weight. Previous to immunization, its serum type
and whether the rabbit is secretor or non-secretor concerning A receptor,
namely A*-type or A--type was also examined.

Immunizing Method: At first the 109 suspension of the cleaned ery-
throeytes was made of the salt solution. Each other day 5ce. of the
suspension was injected into the ear vein of the. rabbit, 7 time in all.
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Collecting and Preserving Method of Antiserum: One week after
the latest injection, the whole blood was collected from the carotid artery
of the immunized rabbit. The separated serum was made inactive in the
warm bath of 56°C for 30 minutes. And then the physiological salt
solution with 595 carbolic acid was added to it, its quantity being 1/10
of that of the serum. After adequate mixing, it was preserved in the
ice box. Food was withheld for 12 hours prior to the bleeding so as to
prevent the turbidity of the serum.

Testing Method of Agglutination and Hemolysis: 380 minutes after
mixing antigens and antibodies the agglutination was confirmed by the
holeglass method in the room temperature. The hemolysis was judged
by the test tube method, adding the guinea pig serum as complement,
after 30 minutes warm bathing of 37°C.

Adsorption Test: FErythrocytes used for adsorption were to be the
cleaned one, and to be regulated in quantity according to the dilution
of the antiserum. After being left in the room temperature for a few
hours the upper clear part was used for reaction. Meanwhile the mixture
was shaken several times in order to make rapid the adsorption.

Isohemagglutination

(a) Sei-whale On rare oceasions, the isohemagglutination was recog-
nized in sei-whale, but its reaction was so weak that it was impossible to
classify the antigens existing in the sei-whale erythroeytes. (See Table I)

Table I. Isohemagglutination of the sei whale.

Erythroeytes of the sei whales
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(b) Fin-whale The isohemagglutination was generally weak, but some-
times it was comparatively strong. In the latter case, some one showed
a relation with the reaction by the immune agglutinin which is to be
stated afterward. (See Sera Nos. 9 and 13 of Table II) But it was
difficult to classify clearly the antigens existing in the erythrocytes. On
the other hand the agglutinins which have no relation to the immune
antibodies were found rarely. (See Sera Nos. 2, 3, 8 & 10 of Table II)

Table II. Isohemagglutination of the fin whale.

Erythrocytes of the fin whales
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(¢) Blue-whale Generally the isohemagglutination was comparatively
strong, and showed a relation to the reaction with the immune agglu-
tinin which is to be stated afterwards. It was possible to classify the
antigens existing in the erythrocytes. (See Table III)

(d) Humpback-whale Generally the isohemagglutination was compara-
tively strong and showed a relation to the reaction with the immune
agglutinin which will be deseribed afterwards. The classification of the
antigens which exist in the erythroeytes seems to be possible. (See Table
v)

As stated above, among the baleen whales the ischemagglutination
was weak in the sei- and fin-whales, so it was impossible to classify
the antigens existing in the erythrocytes by their reactions only. On the
other hand isohemagglutination was found irregularly in the blue- and
humpback-whales, but generally the reaction was strong, and it was
possible to classify the antigens existing in the erythrocytes.
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Table I1I. Isohemagglutination of the blue whale.

Erythrocytes of the blue whales
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Table 1V. Isohemagglutination of the humpback whale.
Erythroeytes of the humpback whales
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Serum-type

Whether the agglutining against the receptors A and B of human
erythrocytes exist or not in the normal sera of each whale species was
examined by the agglutination to each type of human erythrocytes. The
frequencies of these types were shown in Table V, in which it was known
that o’- and «’-types are found in every whale species and the former
has high frequency. The agglutinin titer of «’-type against human A
erythrocytes was 2 to 4 times. On the other hand p’-type was found
only in the two fin-whales (6.59), namely Nos. 253 and 277. Their
agglutinin titer against human B erythrocytes are 8 times. «’f’-type
was found in the fin- and blue-whales. As for the existence of anti-C
agglutinin, the positive proof of the experiment of adsorption and dissocia-
tion by fresh human A and B type erythroeytes is not obtained yet.
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Table V. Serum-type frequencies of the baleen whales.

(a) Sei whales

‘ Male Female | Total
Serum-type | 7 i ' i
‘Actual No. | % Actual No. | % | Actual No. | %
Y ! 0o 0.0 0 0.0 0 0.0
o : 2 2.2 1 14.3 3 18.8
B/ 3 0 j 0.0 0 0.0 ! 0 0.0
o T T8 6 85.7 | 13 81.2
Total | 9 | 1000 | 7 1000 | 16 100.0
(b) Fin whales
: Male Female Total .
Serum-type —————— — e
- Actual No. A - Actual No. % Actual No. 25
!B’ 3 18.8 0 0.0 3 9.6
« 1 6.2 1 6.7 2 6.5
g 0 0.0 2 18.3 2 6.5
o i 12 75.0 12 0.0 24 7.4
Total | 16 1000 15 100.0 41 100.0
(¢) Blue whales
| Male Female Total
Serum-type — — —
- Actual No. 2% Actual No. 2% Actual No. %
W 5 21.8 2 14.2 7. 8.9
o 5 21.8 6 42.9 11 39.7
8’ 0 0.0 0 0.0 0 0.0
0’ ; 13 56.4 6 _ 42.9 19 51.4
Total 23 o 100.0 14 S 100.0 37 100.0
(d) Humpbaek whales
i Male ) Female 5 Total
Serum-type ‘ - L~ : : 1
;Actual No. 1 % }Aetual No. % iActual No. ; 9
/B! 0 0.0 i 0 0.0 0 0.0
w 2 } 25.0 | 4 57.2 6 40.0
B! (N 0.0 ‘l 0 0.0 0 0.0
o 6 | 75.0 | 3 42.8 9 60.0
Total 8 E 100.0 }" 7 0 1000 | 15 100.0
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Antigens proved by immune antibodies

1. Immune antiserum against each antigen

(a) Anti-sei-whale Bb,- and Bb,-sera

When a rabbit was immunized with the sei-whale erythrocytes which
belong to Bb,, the anti-Bb, agglutinin and hemolysin were produced
together with the species specific agglutinin and hemolysin to the sei-whale
erythrocytes in the serum of the rabbit. When the species specific antibodies
were adsorbed away with Bb, erythroeytes, the anti-Bb, immune agglutinin
and " hemolysin were obtained. The anti-Bb, immune agglutinin and hemo-
lysin were obtained by the same operation. By these immune antibodies,
it was proved that the existences of the both agglutinogens and hemoly-
sinogens, namely Bb, and Bb, in both, were perfectly consistent with
each other.

(b) Anti-fin-whale Bp,- and Bp,-sera

Anti-Bp, and anti-Bp, immune agglutinins and hemolysins were obtained
by the same operation as stated in (a), using as antigens the fin-whale
erythrocytes which belong to Bp, and Bp, respectively. By these immune
antibodies it was proved that the existences of the both agglutinogens
and hemolysinogens namely Bp, and Bp, in both, were perfectly consis-
tent with each other.

(¢) Anti-blue-whale Bm,- and Bm,-sera

Anti-Bm,; and anti-Bm, immune agglutinins and hemolysing were obtain-
ed by the same operation as stated in (2), using as antigens the blue-whale
erythrocytes which belong to Bm, and Bm, respectively. By these immune
antibodies it was proved that the existences of the both agglutinogens
and hemolysinogens, namely Bm, and Bm, in both, were perfectly consistent
with each other.

(d) Anti-humpback-whale Mn,- and Mn,-sera _

By the same method as stated in (2), the anti-Mn, and Mn, immune
agglutinins and hemolysins against the humpback-whale erythrocytes were
obtained. By these immune antibodies it was proved that the existences
of the both agglutinogens and hemolysinogens, namely Mn, and Mn, in
both, were perfectly consistent with each other.

As stated in (2) to (d), two kinds of antigens were found in each
whale species, that is Bb.-Bb,, Bp,-Bp,, Bm,-Bm, and Mn,-Mn,, in sei-, fin-,
blue-and humpback-whales respectively. By the existences of these antigens
the erythrocytes of the baleen whales were classified into each four kinds
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as follows, Bb,Bb,, Bb,, Bb, and O; Bp,Bp,, Bp;, Bp, and O; Bm,Bm,, Bm,,
Bm, and O and Mn,Mn,, Mn,, Mn, and O in the sei-, fin-, blue- and hump-
back-whales respectively.

2. Agglutinin titer and hemolysin titer

Each one example of the agglutinin titer and hemolysin titer of the
immune sera obtained by the said method was to be shown in Table VI
to IX.

Table VI. Agglutinin titer and hemolysin titer of the anti-Bb; and anti-Bb,
immune sera against each type of the sei whale erythroeytes

Anti-Bb; Agglutinin  titer

Immune rabbit Eryth- Erythro- Blood Dilution of antiserum

rocytes group of i ‘ : .
No TSeI’um-‘A+ or for cytes for thesei | + | 1|1 1:11171; 1

type A~ |adsorp. aggl. whale |20 | 40 |80 §1601?:201640 128012560
No. 18 | BbiBby | # | 4 | 4 | # SO R

No.8| o | A+ |No.21| No. 8 | Bb || # | # |+ |+ -1 -

Bb, | No. 21 Bb, |~ !~ -

No. 6 0 e — |~ | - | -

Male

Anti-Bb, Agglntinin titer

Male Bb,; No. 21 Bb, §H+§H+;H+i+“+1.”+ -

! , 1
No. 5 o} ‘3_‘;_§~;_‘!’____1_
! ! i i

Immune rabbit il Eryth- Erythro- Blood Dilution of antiserum
rocytes for | ErOUD of g L i
No. |Serum-| A* or l for cy;esl Of | the sei | 1 11111711171 1
* | type | A- ladsorp.| 8- | whale |20 | 40 | 80 | 160320 640 12802560
| No. 13 Bble2{+{+;H1H;H+;% el - -
| AR —
No.9 | o A* | No.8 | No.1l | Bi IR R I D D DU
; AR S B R E AR I B
|
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Anti-Bb; Hemolysin titer
Immune rabbit ‘ Eryth- Erythro- Blood Dilution of antiserum
L . rocytes cvies for | £roup Qf i 1 T T T 171 i
No Serum-! A+ or ' for % ol the sei ﬂ’_ 11 _J; R
_ 7% | type | A- ladsorp.| "9V whale |20 | 40 | 80 ;160 820 640 12802560
] No. 18 | BlyBb, JMH L I I e A
No.8 | o A+ No.2l| No. 8 Bb, _‘_ R U R I
Male Bb, { No. 21 Bby (M #(H |+ |-~~~
R N : R R
No.e\ 0] \—]——-—g———
Anti-Bb, Hemolysim titer
Immune rabbit Eryth- l Erythro- Blood ' Dilution of antiserum
rocytes;cytes for | Eroup Qf‘ 1T 171 i 171 7
N {Serum- A+ or | for | hemol 1 the'sei | — | > | 2 ' = > 2 2 ] 2
O “type | A- adsorp.i "™°V-| whale \ 20 | 40 | 80 |160 | 320 | 640 |1280[2560
| \ T — i — .
| \ ;No.13€Bble2\m‘i+H“++++—_— -
No.9 . « A+ No.8 No.1l | Bb |- —|~ —|-|=|-]|-
Male | Bb, | No.2l | Bby ||| H |+ -] -]~
.o | o (-i-[-l-[-|-[-]-
Table VII. Agglutinin titer and hemolysin titer of the anti-Bp; and anti-Bp,
immune sera against each type of the fin whale erythrocytes
Anti-Bp; Agglutinin titer
Immune rabbit ! Fgg}zgsﬂ Erythro- ;gll(g)lllogdo ¢ { Dilution of antiserum
' YO | | y X ; ” f T ]
N Serum-| A+ or  for 'cytes for  “the fin . i_l.‘_l,.l-‘iii
© | type A~ adsorp. ' whale | 20 | 40 | 80 1160320 640 12802560
| | No. 809 | BpiBpy | H | 4 it H 4 - - -
i = ; F " e  ——
No.11 | o A* |No.316 No. 810 | Bp, M H 4 |H +1-1 - -
| | | e e e i i v
Male BszNo.316,§‘ Bp, | — —}—}"}"‘}"}“‘3[—
i }v——-“‘wiv—":#i——kllti‘—vhﬁ
é , ‘No.308| O !——%J{—v{—{—}—[—
Anti-Bp; Agglutinin titer
Immune rabbit k Eryth- | Erythro- Blood Dilution of antiserum
| Tocytes eytes for group of i 1771 i T T 171
No. |Serum-| A*or | for 1 thefin | 1 | 111} 1)1} 1)1} 1
O | type | A- iadsorp.| 288 whale |20 | 40 | 80 {160 | 320 { 640 [1280/2560
| | | No. 309 | BpiBpa | # | # | | M| 4|4 |+ | -
No.12 | wp/ | A+ INo.310{ No. 810 | Bp, |~ | -] —1- -] - -
Male | | Bp, | No.316 | Bp. |l |4 H |+ -
| | e —
| ,’ No. 308 0 —§—|~¢~—;~——
! i ! ! !
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Anti-Bp, Hemolysin titer

: Eryth- | Blood | Tuti | i
Erythro- 2
Immune rabbit vt : 0 ¢ Dilution of ‘antls ram
N Serum- [A* or for |Eesfor|Pp thy (T[T [T JT 71 [T 171

type A~ | adsorp. hemoly. | 316 | 20 | 40 '80 1160 | 320 | 640 (12802560

No. 309 | Bp)Bp. |t | # | H{+ -1 —| =1 —

No. 11| o A+ |No.316| No. 310 | Bp, | M |# # |+ | — - |- -
|

Male Bp, |No.816| Bpy | —|-|~|- |~ —|-]|-

—
No.88 | O | —|—|~-|~|=|-|~]|~

Anti-Bp, Hemolysin titer
Immune rabbit Eryt_h— Erythro- | Blood ‘ Dilution of antiserum

rocytes eytes f0r|group of T TTI T T 1

No. ‘Sorum-i A+ or for

type | A- ladsorp. hemoly. ‘

whale 20 | 40 | 80 | 160 | 320 | €40 12802560
No. 809 | Bp,Bps | 4 | 44| # | 4|+ - -

|
i
1 |
Nolzi wf | A* |No.310| No. 810  Bp R R I R e B
|

Male Bp, |No. 816 | Bp, | |H | H 4| H|+| -] -

! No. 308 6] N DU T R I R

Table VIII. Agglutinin titer and hemolysin titer of the anti-Bm, and anti-Bm,
immune sera against each type of blue whale erythrocytes

Anti-Bm; Agglutinin titer

Immune rabbit | Bryth- [ Erythro- | | Blood Dilution of antiserum
{rocytes‘c tos for | Sroup of } j 1
No, |Serum-| A+ or | for ‘ yaovl | the blue | 1 L‘i i‘* i\_{|i
) type A_ La.dsorp ‘ S8 | whale |20 40 | 80 160 320;640 112802560

(

| N0297le1Bmzﬂ+ﬂ++{-+E—}_j_i_
|

No.13 | o A+ [No.201  No. 227 | Bmy | # |4 | # + | — - - i -
Male %Bmz.No.201j¢ Bm, A —,1~?——‘—~‘~‘—!—
‘ ijNo.30’7i O - —i~‘;-‘—i—]"—¥‘w

Anti-Bm, Agglutinin titer

Immune rabbit [ Bryth- | Erythro- ‘ Blood fl Dilution of antiserum
| YOCTeS | outes for »"roup o L1 TI (T[T [T 11
No. |Serum-j A+ or 1 for agal. the blue | 2 { 1 4 L 1 2 ) =2 1 2 o 2 | 2
* |Ttype | A~ ladsorp. | _whale | 20 | 40 | 80 | 160|320 640 12802560
: i No. 397le1B2§».' I I
No.14| o | A¥ [N°-227 No. 227‘1 1 R U
; S S N e
Female B INo. 201! Bm, |
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Anti-Bm; Hemolysin titer

Tmmu bbit | Bryth- | _| Blood | Tt iser
ne rabbi | rocytes cEg;hig group of | Dilution of antiserum ‘
No |Serum-; A* or for gemol rg theblue| 1 | 1|1 ]1 111 iji
| type | A- ladsorp. Y- | “whale |20 |40 |80 |160|320 640 |1280:2560
i i | i | — :
‘ “ No. 297 | BmyBmy | #t | 4 | # |+ | - | - | = | ~
No.13 o A* |No.201| No. 227 | Bmy | # |4 |4 |+ —-|- |- -
1 1 ¢ i ; a
Female; Bm, | No. 201 ‘l Bmy |~ |- |- |~-|~-|-]|-1-
‘ ! No. 307, O {—]-‘-————~
t ! ¢ '
Ants-Bm, Hemolysin titer
Tmmun bbit ! Eryth- ... | Blood S :
e ra ‘trocytes Piﬁgh}%r group of | Dilution of antlseru:m
No. |Serum-| A* or | for }?emol theblue | 1 | 1] 111111 iL
* | type | A- |adsorp. V- | “whale |20 l 40 \ 80 | 160 320 | 640 {1280:2560
| — N S R
| No. 297 | BmBm, | # | # | #t +H;++§+‘~}—
No.14| & A+ [No.227| No. 227 | Bmy —‘;-i— —‘-i—[~f~
| S S U A T N B S
Female Bmy | No.201 | Bmy |4 ||| 4| #|+] -]~
» — e
| s No. 307 | O ~§~i— ~§~j~§—!—
| i i i i i
Table IX. Agglutinin titer and hemolysin titer of the anti-Mn; and anti-Mn,
immune sera against each type of the humpback whale erythrocytes
Anti-Mn; Aggluatinin titer
Immune rabbit gﬁyt; Erythro- | Blood group! Dilution of antiserum
——eram A oF fgr cytes for jof the hump-| {71 1 [ 1] 1) 111
o “type | A- |adsorp.| 288l | back whale 561707 g5 160 535 640 1280, 2660
| i
; No. 203 Mn,Mn, | fF MWW -
No. 156 «’ | A+ |No.211| No. 151 Mn, R IR R I I
‘ ‘ : ! — L
Female; 1 Mn, | No. 211 Mn, ~i=1-1- [ I
No. 206 0 e
Anti-Mn, Agglutinin titer
Immune rabbit EO};Y:EZ; Erythro’- Blood group; Dilution of antiserum
o Berim: A% or| for | evies forlof the hump- {1 T 1111 T
O “type | A- | adsorp. 288l |back whale |55 U5 gy 160 | 320 | 640 12802560
R | ! _ 4209
: | No. 203 | MnMny | | #F [ | # | |+ ]| - | —
No. 16| o \ A- INo.151| No. 151 |  Mmy -l ===~ -
Male | | Mn, | No. 211 | Mne | B | HE| | 4|4 |~ -
i — — —_—
No. 206 | O R e e e A
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Anti-Mn; Hemolysin titer
Immune rabbit ‘ I},i(‘)gg; Erythro- | Blood group Dilution of antiserum
1Serum-‘ A+ ori for |CYPes for of the hump- |1 [_1_}_1_ 1717141 ‘f]
 No. Miype | A+ adsorp. hemoly. | back whale |50 | 40 80 160820 640 (12802560
| | No. 208 = MnMn, | 4 +HH++1+4+ # | ++l -
i - [A— ——;#“‘_lﬁﬁ
No. 15 « A+ No.2l1 No. 151 = Mn, H‘mlwr!m H+‘++M -
Female ‘ Mn, | No. 211 | Mn, | - | - | — |~ =1 | |-
; ‘ : I _\__Ek‘iﬁ‘w‘:__‘__ T
1 | No. 206 ' 0 U U I I U R O
| | i ! i | .
Anti-Mn, Hemolysin titer
Immune rabbit ] ErvEch- Erythro- | Blood group | Dilution of antiserum

Serum- A+ or | roggres cytes for of the humpn‘ 1 17111111
No. “ivpe | A- [adsorp. | hemoly. | back whale |5 %5 | g5 160820 | 640 1280560
g | ‘ No. 203 MnMn,  #  # 4|+ -
No.16 o | A- j‘No.151 No. 151 Mny e

| e i |
Male | | | Mn, | No. 211 Mn, | HH - -
z \ — —— | S
| | No. 206 0 UL

3. Frequency of each type

As stated in the paragraph 1, the erythrocytes were classified into four

kinds in each whale species.

follows.

The frequencies of their groups were as
(see Table X) As shown in Table X (b), on fin whales were ex-

amined the 200 whales out of 213 which were caught in the northern
Pacific Ocean in 1952. Consequently a remarkable seasonal variation was

recognized in the frequency of each group.

It seemed to the author that

Table X. Blood group frequencies of the baleen whales

(a) Sei whale

Male Female Total
Sex
! H
Actual No. | 24 Actual No. | A Actual No. | %
| i i
Bb, Bb, 4 182 2 20.0 6 | 188
Bby 4 18.2 3 1 30.0 7 21.9
Bb, 2 9.1 1 100 | 3 9.3
0 12 545 4 1 4000 1 16 | 50,0
Total 22 | 1000 § 10 | 100.0 | 32 100.0
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(b) Fin whale
Cateh, during from July 19 to August 10
S 3 Male Female Total
Blood ex
group Actual No. % Actual No. % Actual No. %
Bp,Bp. 1 2.5 2 | 5.0 3 3.8
Bp, 14 35.0 4 10.0 18 922.5
Bp, 1 2.5 3 7.5 4 5.0
O 24 60.0 31 7.5 55 68.7
Total 40 100.0 40 100.0 | 80 100.0
Catch, during from August 11 to August 31
Male i Female § Total
Actual No. 2% j Actual No- ¥ % Actual No. 2%
' | h
Bp:Bp. 3 10.0 5 ! 16.7 8 18.3
Bp: 11 36.6 10 | 33.3 21 35.0
Bp, 2 6.7 | 8 | 26.7 10 16.7
(0] 14 46.7 | 7 23.8 21 35.0
Total 30 100.0 | 80 100.0 60 100.0
Catch, during from Sept. 1 to Sept. 19
\\ g 1‘ Male Female , Total
Blood ex
group Actual No. % Actual No. % Actual No. %
Bp:Bp; 2 6.7 1 3.3 3 5.0
Bp: 0 0.0 4 18.8 4 6.7
Bp. 10 33.3 8 26.7 18 30.0
O 18 60.0 | 17 56.7 35 58.8
Total 30 100.0 30 100.0 60 100.0
Cateh, during the whole season
g 1 Male Female Total
Blood X i
grouN Actual No. % Actual No. 2% I Actual No. %
Bp:Bp: 6 6.0 8 8.0 14 7.0
Bp; 25 25.0 18 18.0 43 21.5
Bp. 13 13.0 19 19.0 32 16.0
] 51 56.0 bb 55.0 111 55.5
Total 100 100.0 100 100.0 200 100.0
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(¢) Blue whale

Male H Female f Total
Blood ~~.5X ‘ ‘ 1
group Actual No. 2 [ Actual No. | % Actual No. | %
s >~ AN | S R
Bm;Bm, 1 3.3 1 5.9 2 ‘ 4.3
Bm, 26.7 7 i 41.1 15 | 31.9
Bm, 4 13.3 1 5.9 5 f 10.6
) 17 56.7 8 4.1 25 53.2
Total 80 | 1000 | 17 | 100.0 | 47 | 100.0
(d) Humpback whale
RN i
Qe Male ‘ Female Total
Blood\\"X _— | A
group - Actual No. o Actual No. % | Actual No. %
Mn;Mn, 2 11.1 2 1.8 | 4 11.4
Mny 5 27.8 4 23.5 | 9 25.7
Mn, 1 5.6 | 2 1.8 8.6
e} 10 55.5 9 52.9 | 19 52.8
Total 18 100.0 17 L 100.0 E 35 L 100.0

it has relations to the problem of migration and mixing of the different
population among whale races, judging from the fact that the frequen-
cies of human blood groups show the different values in the different
races. However, the detailed discussion on this will be made in another
occasion. As for other species, such as sei-, blue- and humpback-whales,
no particular tendency was found in consequence of scantiness of thecatch.

Isohemagglutinin against each antigens

As already stated isohemagglutination was recognized in the whale
normal sera. In sei-whales, however, the agglutination was so weak and
none reacts specifically to the antigens Bb, and Bb, proved by the immune
antibodies. In normal sera of the fin-, blue- and humpback-whales exist
the isohemagglutinins which are able to be completely adsorbed away with
each antigen proved with the immune antibodies. But they were found
irregularly. Their agglutinin titers were generally low in the fin-whale.
In comparatively higher case they were 32 times at most. In the blue-
whale they were slightly stronger, that is 64 times at most, than in the
fin-whale. In some humpback-whales their titers came up to 128 times.
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Some examples of ischemagglutinins against the antigens Bp,, Bp.: Bm,,
Bm, and Mn,, Mn, of the fin-, blue and humpback-whales were shown
in Table XI to XIII.

Table XI.

Anti-Bp; and anti-Bp. isohemagglutinins proved

in the normal sera of the fin whales

(a) Anti-Bp; agglutinin

Normal sera

| Erythrocytes for

Dilution of the mormal sera

o o agglutination
Anti- ] o i NN NN
__body | Mo No. | Blood group | 1-| 544 | g |16 ﬁ\m 1%8
; ] 188 Bp:Bp: L R T ol e B
193 B i ===t ==
216 BN P v A N O
223 Bp, S R R S N N S
221 0 - - S U N (N
e /4 s —— — .
188 BpBp: | M| 4 1 N U R e
193 B # - =f-1-]-
220 | P W S R I S
223 Bp., U (VR SO i ) ot B
: 291 0 N I
S i -
fg; | 188 Bp;Bp: B e e e
= 193 Bp, wlwl e -]-1-]-
8 221 RN R I T R
%, 293 Bp, S S (R [ U NN R
= ! S I
:!-. 1
o 221 0 g | g N
= o — SN S S RS FSRN N S
i 188 Bp,Bp. S L o B Bl Bt
S S ] o
i 198 | B S (VU R R I
| oo ! it 21 e I
223 ‘[ Bps S o I I
| 291 0 0N I e O
188 BpBps | | 4 TN PR I I
‘ 198 B i I B
| 293 P R -
221 0 S (VU R U (U (S R
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(b) Anti-Bp, agglutinin

K. FuJiNno

Normal sera

Erythroeytes for

Dilution of the normal sera

agglutination
Anti- | EEENERR SRR EREEEY
body No. | No. Blood group 1122|3816 ! 59 | 67 | 1R
f
L 188 Bppr2 “H"' 'H+ 'H‘ -+ -+ ‘;‘ -_ —
187 165 Bpy - |-l
153 Bp, T T T -z -
B | 161 0 - -l --1= -
} 188 Bp:Bp;, “Hi'! H 8L+ | — 4 -0
! 193 B R N [ D
246 | i A S i M
[ 223 Bp. R e R B R T
E i | 221 [¢) FU R I S A B A
w P 188 BpBp, | | W - [ -
7 } | 193 Bp: VRN A B R R R e
[ 249 i IR S
% e 22 Boz A A ] - -
2 =1 | O el e e e
g.’ ‘ 188 BpBp, W 4|+ | ¥ -~ = |-
049 193 | Bp, EEEEEEEE
‘ - R LR R B
231 0 | == - == =] ~-1-
- 188 Bp:Bps i+ -~ =-1= -
i 193 Bp, R e
; 251 —
| 230 Bps L S ol ol M e M el s
5 231 ) === =1=1-]-
i t t
(e) Anti-Bp;Bp. agglutinin
Normal sera Exggfggiﬁoior Dilution of the normal sera
Anti- T (T[T 71711 [11
body No. e Blood group | - -5~ | 4| g~ | 16 | 32| B4 | T28
188 BpBpy | ||| e - -
193 B N P D
Ep: 248 P1 R T |
=N |
& 230 Bp, S A e A e
s | : —
i - - - — | - — — —_
'3? | 231 0 |
& . 188 BpBp, [ | M|+ -] - - -
E — |
£ 193 B, =] ] ==t
g 230 Bp, TR T I O
231 0 SO R VU B D I
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Table XII.

Anti-Bm; and anti-Bm, isohemagglutining proved in the
normal sera of the blue whales

(a) Anti-Bm; agglutinin

Normal sera fofl; Z: tghlll.lqc(izg;i?on i Dilution of the normal sera
Anti- | ERENERE N
pody | N No. Blood group | 7| 517 \ 8 |16 | 32|64 |18

129 BruBm, | e - - -
T e .
e | B L Tl Bl el N .
| 160 Bm, _i~§~‘~v‘_w~_
‘ i |

—_ = — — | = — —_ —_

:i | 140 O t i

a | ; e o

Sﬂ J 129 Bm;Bm, S e A e el

; _ ! S R I SR

T 117 Bm .

8 165 ! i 1 i Sl Wl Ml Bl Wil

0 i : § i

X 160 B, || AT (R R, B G

g j Sl ;¥{

= H I

g 140 0 S (S U RO N I N

= - |

! 297 | Bm;Bm, ’ B { H U I
221 | Bmy, MW M|+ -] -]~
— | ! }HFH ++!++ i
160 Bm, L _iR___.’_
I NN
(b) Anti-Bm, agglutinin

Normal sera fgrggg%i¥£§iion Dilution of the normal sera
Anti- T7T 1111711
body No. | No. Blood group | 1| 5| | g | 16|37 |64 | 128

! o120 BmBmg | B MW K+ - - -
. W Bm - |- - -|-T--
160 | Bm, [ A o A A

E | 140 5 0 ‘3—!~; | - ~7—$~;~

& 129 © BmBm, o HE ) A ++3+‘i—

2 117 | Bmy | = |-~ ===l

o 167 : . M I S

& 160 Bm, BRI S IR S

=3 | 140 | o ‘ - \ s TN I S B

=4 T — i ¥ 7 { | | -

g l 207 | BmBm, gmimi%%;_ S

} 291 1 Bm, U D D e
| 205

| 199 | Bm, L
i 19 | o) P [ P e
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(e) Anti-Bm;Bm, agglutinin
Normal sera fogﬂ%, gﬁﬁg?;on ' Dilution of the normal sera
Anti- 1711111171 1
body No. No. Blood group — |5 |1 ; |16 |52 | 67 |1
| 129 BmyBm, | | ] -] -
H 117 Bm H + -+ -t —": - -
| 156 S L
> ? 160 Bm, Hl+l = =1 =] =1=1=
2 2 | ——
B 140 o) SO S R I U I
55
g " 297 Bm;Bm, LA R
g3 e -
227 Bm ! : - -
181 | S T S B B i
‘ 160 Bm, L R I T e T A B g
169 o S R (R R U U
Table XIII. Anti-Mn; and anti-Mn, isohemagglutining proved in the
normal sera of the humpback whales
(a) Anti-Mn, agglutinin
Normal sera Erythrocytes Dilution of the normal sera
or for agglutination w
Anti- Lr1prprg 1111
body No. No. Blood group 11354 | 8|16 32|82 |18
203 Mmn;Mn, HEL AR |
151 Mn. - =
180 i | A | s
211 Mn, N N R S
192 O gl NI | NS R R (N
203 Mn,; Mn, R TR T e e e
0 —
®, E 151 Mn, #lal=ll=|=1=]-
g & 191 S
&=
5 5 211 Mn, S (N I R [ [
s I,
192 0 el - =] == =] = -
203 Mn; Mn, | | ] ) -
151 Mn, -
204 1 H# A .+H H#| 4|
211 Mn, | = m e = =] =] =
192 (6] = = == -] =1 -




(b) Anti-Mn, agglutinin
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B Normal sera £ ofggghﬁ?g%?cison Dilution of the normal sera
Aunti- | ) Tj1j3i[iji (1711
body | Ne- | No. Blood group |~1-| 5| 77| 8|16 | 32 | 4 | 18

203 Mn; Mn, S e I B B

151 Mn, === =] =] -] =1 =

§ 142 ! _ R D

J , 211 Mn, R e

> l 192 o I O U O N
|

I — j T

= | 203 Mn, Mn, R I I e

< | | SR . A —

2 ‘ 1 151 Mn, R [ U U [ N e

© | 151 3 | N N ___

6§ .2 Mn, (| %+ -(-1-|-1-

E. | ! | . L

g L 192 0 = =1=]-]- : Bt M

5 | |—— ——

| 203 MnMny | H | H [+ -~ -

% ; 151 Mn, | — SN D [ R

i 206 ; ! ! D —

% | 211 Mn, | # (¥ | H| |+~ -

; | Iz .. —

% 192 | 0 P ] - 4 | R

(b) Anti-Mn,Mn, agglutinin

Normal sera

Erythrocytes
for agglutination

:
i
Anti- . AR RN
body = No. Blood group |T}7 1|8 |16 3—2"@ 128
7 T T T F T
28 | Mo, | H e - -] -
> Bl | M TR I D
4 0 143 ? | o ﬂ’ii‘ | |
s AL Mm W R - - -
! —
5 Sl SO S ol I Ml Ml Bl
N T FIT o T o \“‘i'——\—»‘i
® 203 Mn,; Mn, }H%JngHi‘H]L}Hiﬁ‘\-f— =+
wQ ﬁ‘k\__i¥‘ii‘ R S
= 151 Mn. TR RNTTAN NN TTR RTINS VT IR VU B
g 12 | ' o 3j,{i?i{“§__’ﬁ
5 ; 211 Mn, M ]
| — ,__j
: 191 0 N R D e
) H : !
Conclusion

(1) Sofar as just the author’s survey goes, in the “serum type” of the four
species of baleen whales, that is sei-, fin-, blue and humpback-whales, some
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species have all of the four types, namely «’f’, o', f’ and o/, while the
other have only some part of the four. The frequencies of their types are
as follows:

(a) Sei-whale a’'f :0.09%, a’ :18.89, B :0.09%, o :81.29%
(b) Fin-whale a'f :9.69%, a': 6.59%, B :6.59%, o' :T7.49%
(¢) Blue-whale a'f 28.99%, a :89.79, ' :0.09%, o' :51l.49%

(d) Humpback-whale a’g’ : 0.09, «' :40.09, p' :0.09%, o’ :60.09
(2) The existence of the two kinds of antigens, that is Bb,-Bb,, Bp,-Bp.,
Bm,-Bm, and Mn-Mn, in the erythrocytes of the sei-, fin-, blue- and
humpback-whales respectively, were affirmed positively by the immune
antibodies which were obtained by immunizing the rabbits with their
erythrocytes. The erythrocytes of each species were able to be classified

into four kinds as follows.

(a) Sei-whale Bb,Bb,: 18.894, Bb,: 21.995, Bb,: 9.89, O:50.09
(b) Fin-whale Bp.Bp,: 7.09, Bp,: 21.59, Bp,: 16.095, O: 55.59
(¢) Blue-whale Bm,Bm,:4.39, Bm,: 31.99, Bm,: 10.6¢5, O:53.29;

(d) Humpback-whale Mn,Mn,: 11.495, Mn;: 25.79, Mn,: 8.69;, O: 52.3%
(8) The frequency of each type of the fin-whales eaught in the northern
Pacific Ocean in 1952 showed a remarkable seasonal variation during the
whaling season from July 19 to September 19.

(1) July 19 to August 10 (80 whales examined)
Bp.Bp,: 8.8%, Bp,:: 22.59, Bp,: 5.005, O: 68.79%
(I1) August 11 to August 31 (60 whales examined)
Bp:Bp.: 13.39, Bp;: 85.09, Bp.: 16.795, O: 35.09
(IIT) September 1 to September 19 (60 whales examined)
Bp,Bp,: 5.09%, Bp;: 6.79, Bp,: 30.095, O: 58.3%
Average through the whole season (200 whales examined)
Bp.Bp,: 7.09%, Bp;: 21.59, Bp,: 16.09, O: 55.59
It seems that this fact can be taken for as the indicator of diseriminating
the local difference and mixing of different populations of whale races,
judging from the meaning of biochemical racial index in human being.
But detailed discussion must be looked for in future investigations. As for
the other whale species no particular tendency was found beeause of the
seantiness of the available number of whales.
(4) Isohemagglutining was found in the normal sera on the four kinds of
baleen whales. In the sei-whale it has no relation to Bb,-Bb, system and
the agglutinin titer was low. In the fin-, blue- and humpback-whales were
found some agglutinins which react specifically to receptors of Bb,-Bb.,
Bm,-Bm, and Mn,-Mn, systems respectively, and moreover their agglutinin
titers were fairly high. But they were found irregularly.
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“On the Seroclogical Constitution of

Striped Dolphin (I)” inserted in the previous Bulletin No. 7

Page Line uncorreeted corrected
69 Contents b Existence Detection

v 6 An Immune Antibody The Immune Antibody

” 9 Appearance Rate Frequency

6-8 its range. c.oiviiiiiainnn its scope covers on partial antigens of A,
......................... B, C )9101)12)114)15)16)1118) O, M, N
......................... and other receptors in the blood corpuscles
........ in each charactor of various animals

14 D1 and D2 Del and De2

” from by

70 18 coagulating reaction agglutination reaction
27 floating liquid suspension
" made with made of
28 5 ce of the liquid 5 ce. of the suspension
7 1 Coagulating Reaction Agglutination Reaction
72 6 conneeted concerned

8 Existence Detection

12 coagulating reaction agglutination

Table 2 Absorption test Adsorption test

15 Type O/ Type of

73 1 until the dilution with... wuntil the 4 times dilution with the salt
........... in three times water

9 the agglutinin and...... the species specific agglutinin and hemo-
.......... dolphin’s blood lysin '

12-15 From thus obtained...... And then the former agglutinin and hemo-
......................... lysin were adsorbed away by Dec2 blood
......................... corpuscles from the antibodies. Conse-
......................... quently, the anti-Del immune agglutinin
..by Dec2 blood corpuscle. and hemolysin were obtained.

16 immune serum immune antisera

17 agglutining agglutinogens

18 hemolysing hemolysinogens

Table 3 each type of serum each type of blood corpuscles
T4 Table 4 each type of serum each type of blood corpuscles
1 Appearance Rate Frequency
75 3 coagulating reaction agglutination
Table b coagulating reaction agglutination
76 10 DelDe2-type DelDe2-system

13 appears are found

16 connection with DelDe2 relation with DelDe2 system
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19 (0% o!

29-30 no connection with...... no relation with DelDe2-system, and they

....... appear irregularly

were found irregularly.
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