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Fig. 1.  The schema illustrating the methods
used for recording the colonic and gallbladder’s
motilities. G. B. : gallbladder. B : balloon.
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Fig. 2. The changes of the colonic motility
during nausea and vomiting. Dog (12kg). The
tracings from above downwards indicate the pneu-
mogram (P), the colonic motility (C) and time in 6
sec intervals. V : Vomiting action. A : At the arrow
apomorphine (0.15 mg/kg) was subcutaneously ad-
ministered. B : Ten minutes later. The motility is
»increaéed when the vomiting occurs.
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Fig. 3. The changes of the colonic motility during nausea
and vomiting. The same dog as in fig. 2. As to the tracings the
same explanations as in fig. 2 are applied. V : Vomiting action.
A : At the arrow apomorphine (0.2 mg/kg) was subcutaneously
administered. B: Fifteen minutes later. The motility is decreased
when the vomiting occurs.

Fig. 4. The changes of the colonic motility during nausea
and vomiting. Dog (12 kg). As to the tracings the same expla-
nations as in fig. 2 are applied. V : Vomiting action. A : At the
arrow apomorphine (0.15 mg/kg) was subcutaneously admini-
stered. B : Forty minutes later. The mixed responses of the
excitation and inhibition are seen during nausea and vomiting.
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Apo, 13min,
0.15 ™%kg

Fig. 5. The changes of the colonic motilities during nausea and vomiting. Dog (10 kg).
Tracings from above downwards indicate the pneumogram (P), the movements of the pro-
ximal colon (P. C.), that of the distal.colon (D. C.) and time in 6 sec intervals. V : Vomiting
action. A : At the arrow apomorphine (0.15 mg/kg) was subcutaneously administered. B :
Fourteen minutes later, the excitatory effects continue for a considerable long time (about
10 minutes).

Insp.

Fig. 6. The changes of the colonic motilities during nausea and vomiting. Dog (10 kg).
The vagal and pelvic innervations have previously been severed. As to the tracings the same
explanations as in fig. 5 are applied. V : Vomiting action. n : Nausea. A : At the arrow
apomorphine (0.2 mg/kg) was subcutaneously administered. B : Six minutes later, the remark-
able inhibitions are seen during nausea and vomiting. )

T Insp.

Apo.
0.15mg4, 13min. 4min.

Fig. 7. The changes of colonic motilities during nausea and vomiting. Dog (12kg). The
splanchnic and lumbar sympathetic innervations have previously been severed. As to the
tracings the same explanations as in fig. 5 are applied. V : Vomiting action. A : At the arrow
apomorphine (0.15 mg/kg) was subcutaneously administered. B and C: Fourteen minutes and
twelve minutes later, respectively, both excitation and inhibition of colonic motilities are seen
during nausea. and vomiting, the former being more remarkable than the latter.
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b. K, /AR, B

Fig. 8. The changes of the colonic motilities during nausea
and vomiting. Dog (12 kg). The vagal innervations have previously
been severed, while the pelvic innervations are intact. As to the
tracings the same explanations as in fig. 5 are applied. V : Vomit
ing action. A:At the arrow apomorphine (0.15mg/kg) was
subcutaneously administered. B : Six minutes later, the excitatory
response of the proximal as well as that of the distal colon are
produced, the latter being more remarkable than the former.
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Fig. 9. The changes of the motility of gallbladder during
nausea and vomiting. Dog (10kg). The tracings from above
downwards indicate the pneumogram (P), the movements of the
gallbladder (G) and time in 6 sec intervals. V : Vomiting action.
A : At the arrow apomorphine (0.15 mg/kg) was subcutaneously
administered. B : Fourteen minutes later, the gallbladder’s motility
is excited just before vomiting, and inhibited during and a short
time after vomiting.
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T Insp.

7 min,

Fig. 10. The changes of the motility of gallbladder during nausea and vomiting. Dog (9
kg). The vagal innervations have previously been severed. As to the tracings the same
explanations as in fig. 9 are applied. V : Vomiting action. A : At the arrow apomorphine (0.2
mg/kg) was subcutaneously administered. B: Nine minutes later, the inhibition of the gall-
bladder’s motility are seen during and a short time after vomiting.

015 9min,
e/l

1min, 4min,

Fig. 11. The changes of the motility of gallbladder during nausea and vomiting. Dog (12
kg). The splanchnic and lumbar sympathetic innervations have previously been severed. As .
to the tracings the same explanations as in fig. 9 are applied. N : nausea. V : Vomiting action.
A : At the arrow apomorphine (0.15 mg/kg) was subcutaneously administered. B, C and D :
They indicate mixed effects of excitation and inhibition of the gallbladder’s motility during

nausea and vomiting, respectively.
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Response patterns of the auditory units in the frog’'s medulla

oblongata

Toshio Hotta (Depariment of Physiology, Tokyo Medical and Dental University)

Bullfrogs (Rana catesbiana) anesthetized with pentobarbital sodium were used for experiments.
Auditory units in the nucleus magnocellularis dorsalis in the medulla oblongata were explored
by micropippets filled with 3 M KCI. The temporal discharge patterns of the auditory neurons
were studied with the aid of a computer (CAT) for interspike interval histograms.

There were two types of units whose best frequency ranges were in 300~600 Hz and
700~1300 Hz. In a steay state response to a pure tone of less than 600 Hz discharges were
spaced at intervals which were grouped around the integral multiples of the period of the
stimulating tone. This holded for all intensities of the stimulating sound. It is suggested that
a period time code is utilized to transmit to the central auditory system of the frog the
information regarding frequencies of less than 600 Hz.

Sonagram of a frog’s croak showed three groups of frequency ranges of which two cor-
responded to ranges of the best frequency in two types of the medullary auditor unit.
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Fig. 1. Response areas for three units having
best frequencies of 400, 800 and 1,000 Hz. In all
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Fig. 1. Periodic distributions of interspike inter-
vals when pure tones of different frequencies acti-
vated the neuron. n =number of interspike intervals
in the sample. Tone duration : 1 sec. Abscissa: the

full range is 31.25 msec. Ordinate : relative number
of interspike intervals.

200Hz,-10dB
n=1530

, 400Hz, -20dB
| :%% n=3093
_IM ! f ﬁ\"\‘ x’kw\umwdu

600Hz, -30dB
n=3057

3 Mo

A

800Hz,-40dB
{‘ n=3030
i

__J%N #Hmn'{ \MI‘W‘WMW;M\

Fig. 5. Another example as shown in Fig. 4.
Best frequency of the neuron : 800 Haz.

Fig. 7.

SERR VT 781

2, LEOFPHE L ) EEXLPELI I
BB

T. HBEARE L FIERHK & oBR
FEERAEE L= — v L OREBEEC
= OMRERN & 0% 2 E T EHE (CAT)

400Hz, -20dB
n=3391 4

JMMWIWWWWM

! 600 Hz,-20dB

M

Jily MWMLNMA

800Hz, -20dB
b n=3268
LTy
J‘ W“ WJ’LM{MNMMW\N
; 1000Hz,-30dB
L. n=3176

li
T
\‘1 W u‘*'"*‘l““'l“.' i

Fig. 6. Interspike interval histograms not re-
lated to stimulus period. Best frequency of the
neuron : 1000 Hz. Response range at 95dB SPL:
100~3000 Hz. Legends as in Fig. 4.

300Hz, -20dB
n=1994

|
e
_LJU\)‘MM
300Hz,-40dB
n=2013

P

300Hz,~45dB
n=816

,_.Mu

Periodic interspike interval distributions

at different intensities of the stimulus. Legends as
in Fig. 4.



782 PR—— = VEEBEER I B AHf = = — v v OFIGERRIT OV T

RGBT LcERPEAREIVETRET
RSN TS, &4 oF TR RERE
1,000 Hz © 95dB, SPL < 100~3,000 Hz T/
2L, iomShsXyic, 400Hz, —20dB &
600 Hz, —20dB o FHEIcH L CTHEED 1
B OBEE R OB S IR E MRS ES L T
W, FRENOKREOELVICEERLLTY
%. 800Hz, —20dB TRLREPEELLTY
B, BAOESRLEVGLEL LTV 200
Bbhs. H5Moflcx, HEBEREEL 800
Hz ©, 95dB, SPL o&F#l#ick - T 100~
2,500 Hz R L, FREEEEEO 1 A0
B ORES T ORSEE 200 Hz, —10dB & 400
Hz, —20dB THRbLN, ROOBELT LR
BolT - Tohisye. 5 6 o crk 400 Hz
DEodlEE o ThEEERE L v b D
T, WMo =2 —rviCRbhTC.

KCHEE AW E —EILL T, FEEEL
FBAOPERETRICR Lz, Zo=a—uy
1% 300Hz TofER —49dB Th o720 TH
~ﬁﬁ<iﬁﬁﬁ%ﬁﬁwﬁﬁoﬁﬁﬁf@ﬁ%
BELNS.

KHz
-6

-5 A

M. H=DOFEDLGH

HoFEEE (EBRFEOESR) LTV )
757k BUYE LI OPRE SR TH 5. HO—I
21359 1 B oA BEE CORBES AR 0 R
k- TREh, ZhasigeticB T a5
HRRELNE. 8RR T & 5 i 200~600
Hz o L, 800~1,300 Hz Ef &, 1,300~2,000
Hz oB2s 5. 3,000Hz Dl FIc xS m05 /76
N, T QWO EEES OB LRNR O
REBROB PN LTY 5 2 L BRLH
3.

% 23

KEBRTCz LN LS, T T VOER
@ Nucleus magnocellularis dorsalis THEE=
Z—w Y OBERECIILE L HEO =2 H%
&hb. Ziix Frishkopf & Goldstein o 7 v
H N OFEHREORER LS KL T3,

HAR, FO5HCmAShim, FRERE
PR R B 1 ABOBE 5 © B 5
(< kb 600Hz LLFGH) 2E-Tvaz t
i, EEOBEEC AR c BRI AEKORE

WEEMICE->TVD EEZDND.
Rose et al® X v 2y (Saimiri
sciureus) ¢ P& %< 5000Hz PIF
T, b5 REEE OB OR
TOMRKEBEMBOREEZ B T 2
L, Moushegian et al.d9 (35D IERE
Eli% (Accessory nucleus) & B4 Y ~—
%% (Superior olivary complex) T®

Bimo—w U TREOKR 2 2 T

Loa
0 0! 1sec
[ N W T N TR N B S
Fig. 8. Sonagram of a frog’s croak. Density of the

B BEORETIL T ORRE O BRI
o EWIC L o TRV EREHEIF I
AV, REROFERLIIFAELT
ZrEbhs. BCEIhboEmic
BT LB == — v v CEEEE
e —B LB FINEPDPEREOND
ZELHEIR TS,

EIMICROND L 5L, HEOBEE

plot displays the energy within the croak as a function

of time and frequency in A. The envelope of the croak

is s_hown in B. Time: 0.1 sec.

DS L EREHEROLEB &
CHEz A b2 X5 7 2R ==



WH—» = VESBECB T 5= = — v VOFSERR T oV T 783

—u VOIFBIR G EBIIE L TwB b,
HEOBERTIIEOFEFHMICLLXT,
OB OFTOBFREELTLo T e
BRAEFHICETFS b0 L BEbh 3.

# 1

Pentobarbital sodium THE:S iz v H =
WMTH T 2 BB B E ERMICRA L TS
2% 304% L7z, Nucleus magnocellularis dorsalis
Off=a2— v VTG LELHEDO =S¥ >
T, BiE T 300~600Hz iz, %3 Tk 700~
1,300 Hz ic g RIEE o0 d b, wIFhb
600 Hz DL F oo EH3k 3 RUBE R EUR e
—BL TR R B RIR S E L T T
600 Hz LIF o FMEERE PIRARCRICEE
KfEz 5 L Bbh s, OO ERES M
o LER X UHAICHE LT, BoERER
DEREERECEHIL—2OTRREEZ 3D
DErEZBNS.

X At

1) Axelrod, F. S. (1960) Hearing sense in the frogs.
MIT Res. Lab. Electron. Quart. Progr. Rept. No.
57, 167-168

2) Frishkopf, L. S. and Goldstein, M. H. (1963)
Responses to acoustic stimuli from single units
in the eighth nerve of the bullfrogs. J. Acoust.
Soc. Am. 35, 1219-1228

3) Moushegian, G., Rupert, A. L. and Whitcomb,
M. A. (1964) Brainstem neuronal response patterns
to monoaural and binaural tones. J. Neurophysiol.
21, 1174-1191

4) Moushegian, G., Rupert, A. L. and Langford, T.
L. (1967) Stimulus coding by medial superior
olive neurons. J. Neurophysiol. 30, 1239-1261

5) Rose, J. E., Brugge, J. F., Anderson, D. J. and
Hind, J. E. (1967) Phase-locked response to low
frequency tones in single auditory nerve fibers of
the squirrel monkey. J. Neurophysiol. 30, 769-
793

6) Sachs, M. B. (1964) Responses to acoustic stimuli
from single units in the eighth nerve of the green
frog. J. Acoust. Soc. Am. 36, 1956-1958

7) Strother, W. F. (1959) The electrical response of
the auditory mechanism in the bull-frog (Rana
catesbiana). J. Comp. Physiol. Psychol. 52, 157-

162




TH AL (1968) 30, 784-789)

(%)

EEIUVBEEBOREICEATIWME 612.799 : 612.65

2 BB UCEOBMEH

NOB =

T

= B3k H ok B

Studies on the hair growth of beard and scalp hair (2) On the
diurnal variations of the rate of beard growth

Mitsutsugu Ono, Fujio Yamashita and Mitsuo Ogino (Department of Physiology, The

- Jikei University School of Medicine)

The rate of beard growth per two hours through a whole day was measured with two
Japaneses, who were both between 39 and 43 years old.

The beard was shaved by an electric shaver and weighed. Weights of beard grew for 20,
22, 24, 26 and 28 hours were calculates by correcting with respect to daily change in the

temperature.
. Results were as follows :

1. The rate of beard growth was larger durmg day than during night and its seasonal

variation could not be observed.

2, The time when the rate of beard growth was maximal was from 6 a. m. to 10 a. m..
3. The rate of beard growth from 6 a. m. to 10 a. m. was greater in summer and winter

than in other seasons.

4. The difference of the rate of beard growth between during day and during night was
largest in spring and furthermore the rate of beard growth per two hours was less irregular

during day than during night.

5. The difference of the rate of beard growth between during day and during night was
minimal and the rate of beard growth from 6 a. m. to 10 a. m. were minimal in autumn.
This indicates that the diurnal variation of the rate of beard growth is minimal in autumn,
while the rate of beard growth is maximal through on year.
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Table 1.  Seasonal variation of beard growth Aug. 50.3 43.2
. Sep. ’ 56.8 40.7
Mean value of beard Oct. 55.5 46.3
weight per day (mg) Nav. 554 403
Sub. A Sub. B Dec.. - 467 38.0
1963  May. 545 413 v 1966  Jan. 435 35.1
Jun. 54.5 425 Feb. 46.3 33.8
Jul. 54.4 46.2 Mar. 48.8 35.7
Aug. 54.5 44.7 Apr. 505 374
Sep. 56.9 16.8 Mean 48.19 40.50
Oct. 54.8 414 ’ S.D. 446 3.90
Nov. 51.1 407 S.E. 1.08 0.67
Dec. 46.3 417
1964  Jan. 426 39.2 ZERT 6 REA B 8 BEE T 2 BRI, ZPRT 8 B
Feb. 39.7 35.8 . N
Mar. 107 36.0 5108 £ T 2 KR 25, %%{Eﬁ(}%#k% we
Apr. 40.5 375 VWHRTHS.
May. 3.9 409 A, BEEOFHEE L TBELLLIAT
ey o e B, A3 & UHRIZAFH 6 ~ 8 FEORIA R L 7
Aug. - 515 16.8 > TV 3. BICEDZILERR S % THMK
Sep. 53.8 44.0 BEChOI. BRI UK 8 ~108 0]
Oct. 51.5 . .
~ oy P REATHY, BoEhitb %RETER L
Dec. 483 43.7 BWHLNT. ZhbOEEDSFIXHAMH
1965 Jan. . 423 42.5 6 ~SEEDRM, DTOMUNRELELL, E
Feb. 34.8 35.1 o ; .
Mar. 30 .. 381 ci%nf 8 ~1DH#®Fyaﬁ7bi%jt LloTed LR
Apr. 38.7 35.5 TERTE, XBIUKTIRZ oMLK
May. 455 38.1 ERRCERERTIT 52 LR TE 5.
Jun. e nT BB EURO KRBT LREERE B K & v
Jul. 189 40.0 = "
r
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50
A
5N
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Fig. 1. Seasonal variation of beard growth.
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Table 2. Seasonal variation of the beard growth rate at every 2 hours in a day
from—to Daylight  Night
AM P.M. AM. P.M. AM. AM. PM.
68 8-10 10~12 0~2 2-4 4~6 6-8 8~10 10~12 0-2 2-4 4-6 66 6~6
A 199 174 69 49 37 50 53 93 84 4.2 51 99 57.8 42.2
Winter B 157 166 11.0 59 55 54 53 89 80 55 55 6.7 60.1 39.9
Mean 17.8 170 90 54 46 52 53 91 82 438 53 8.3 59.0 41.0
A 188 125 53 74 135 47 13.0 8.0 4.0 44 34 49 62.2 37.7
Spring B 184 144 57 74 115 51 9.0 80 6.0 52 50 4.3 62.5 375
Mean 186 135 55 74 125 49 11.0 8.0 50 48 42 46 62.4 37.6
A 137 200 84 54 73 49 59 6.1 125 45 43 7.0 59.7 40.3
Summer B 169 172 140 55 56 52 51 61 85 53 53 53 64.4 35.6
Mean 153 186 112 53 65 51 55 61 105 49 48 6.2 62.0 38.0
A 156 178 30 92 52 20 65 107 70 6.1 72 9.7 52.8 47.2
Autumm B 120 122 80 80 7.2 74 73 88 70 7.0 72 179 54.8 45.2
Mean 138 150 55 86 62 47 69 9.8 70 65 7.2 88 53.8 46.2
Year’s Mean 164 160 7.8 67 74 50 72 82 76 53 54 170 59.3 40.7
é
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Fig. 2. Diurnal variation of beard growth rate (1).
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B kf)/%_x 100 204 i R
ORI B, HUEETE
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(A) Beard growth rate in _ Bl BRI L D L O
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= ., , DH BT,
) B 100 173 e o T
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Fig. 3.

Diurnal variation of beard growth rate (2).
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1. “Fingerprint” %(c &3k b, 4 X, THEBLVE
ELEY PMNES/DECOHE

Bl M

i

el

DTN
B

Studies on mammalian hemoglobins by “Fingerprinting” procedure
. Comparison of human, canine, rabbit and guinea pig

hemoglobins

Nobuji Maeda (The Second Department of Physiology, Nara Medical University)

The primary structures of hemoglobins from adult human, dog, rabbit and guinea pig

were compared by fingerprinting.

1. The shorter peptides show the more similarity with one another in their fingerprints.

9. The structure of the immediate surroundings of heme, especially of the “basic center”,

" is very similar. It is assumed that these parts of the protein structure have an important
role in establishing the physiological function of hemoglobin.

3. The structures in the N and C termini are very similar with one another and it is

assumed that the contacts between like subunits (a—a or §-8) in these hemoglobins may be

very similar.

4. Tt is assumed that the differences of the Bohr effect in various hemoglobins may be
related to the structural differences in the middle region of the polypeptide chains, which is
the region of contact between unlike subunits (¢-8) of hemoglobins.

5. Molecular features of these hemoglobins as revealed by fingerprinting reflect the

phylogenetic relationship of these animals.

. &2 & &

EWOTZHER X UM e ICmZ FE L
7o Heli AR R 19 SR & 0 20HERE AT IS 0 1
TEFTETEALRY, AREERT 5LFEH
FREY O WBEIIZE~ L Ao T o e Bl TR
& QEMAFEEHBESCHEBROMEE & B S
&, BITV_AVTRELLD LT 50 T4YE
VI L CTBEBET o0 5.

~EF vy (Hb) xR L Enices
BLvHBRMEBELE TSI L, FRAET
RCTOFHESY, »3BOEFHEEM L L TIC
M b\ o BRI AT 5 - & (Gratzer
and AllisonD), FHICAFTESL L5 T L,
BREDRDICHS L SMESHTESLEARD
—oTh 5. HEETE, OIS

* RARTERAREE 2 AR E
CRRFNA3EE 4 H26 A 32410

{J. Physiol. Soc. Japan (1968) 30, 790-809)

Tix Hb o iiEic B+ 2 ihrsed i s h
(Kendrew and Perutz?), Jope and O'Brien®,
Boardman and Partridge), % »1% Perutz et al.
o X#EHTIC X 85T Y < Hb 7 ok
BERH LM IcEhe., FBREOECXB5
FROWE KRN, FHSo Hb 05+
BT 5 =T 64,000~68,000 OFEFRICH B = LA
Svedberg® iz X Y FEA S . AW Hb o
7 BRI B Uil < 1X Miésiar et al.D
DR 50, BIETIET I BATTERED
W, o1 Hb 72T 5 280y 7=
=y b OBEEE/E (Wilson and Smith®, Hill
and Craig®) i X ¥ 77 0 SR 08I £ THF
Zen &z, Sangerl® ¢ DNP #, Edman
1D12) jz X v BA% X hu 7= phenylthiohydantoin 3
e & OILFERTEL, BRI X A IKS TR
EoEA X Y £fEEM Hb o 1 REEE 275
VHRfER L D Lo TE T
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PlEo X 5 nhigeic X v &Esy Hb

BB B ERDn T2, —F, B
BEHIZ>OVTo LRI 535 0N
GE D, T ORET LI R
B ONCHIEMESH S s &z, Ao
Wrgecid, miEoOmC (BIED) &R
12 Fingerprint 512 & D, ZFFELE 7
BEERIC T 5 4BEOAIY ¢ b, A
X, UHF, =AEv b Hb 0BAES
OALEES FoER L L. Z oWf
ROBERT B LA,

Lo #5E LoBEME s & QI HEME
Hb  o#EE oI & O HL#EME &
I 75, 2 BEEEVE & 7 e,

(A)
MU T~ O L o EWES b UM I

[33)

2. Hb oRERIE OIS b AR
W78 Y & b DEERES R S
H O,

3. FBEAL S D LIC X VR LI
W7 22 BB H S b s Db,
EOFHEEHLPICT IS,

I EBRMEELURRGE

A AR O ERT

EBREIELE LTk e s (Homo sapiens),
A % (Canis familiaris), 7 (Oryclo-
lagus cuniculus var. domesticus), 1 &
REEy N (Cavia cobaya) o Lg%
MLz b b TENEIRE Y, 12T

VORBEFRIR X v, v il g
v, ®=® s PTRFEHCE VML
fo. TEZEBEECEEREPIIEE Lok E
VB R K CTERIREE, A A vk
& T THME BT Hb iR R
L.

mEFLEN ORI Bl o B & 8 A
Eokk, BiECk - g o Hh kS eE
TH5LORHY, WAEFAITIEAmCLS
By ZH 35 (Enoki et al.lD) oot LT
AL L O RE—oRSERE TS
&y RIS RESOTHLIR LA CERTE

[ 2 3 4
Fig. 1.
malian hemoglobins (A) in Tris-citrate-borate buffer
system and (B) in formate buffer system (pH 1.9, p=
0.05). Stained with Amido Black 10 B. 1 ; canine hemo-
globin, 2 ; rabbit hemoglobin, 3 ; guinea pig hemoglobin,
4 ; human hemoglobin.

(+)

Starch gel electrophoresis of various mam-

DO L, ThbbLALOHRELMZ S
B EOEFEEATEL R S.

B. ZmErolfll, 73 = F vbkok
O MU Ty v X Bk SrfiE, Fingerprint
HEB X OB 7 VBRI ENE
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PLE @RI VT OFMITETER (FTED)
Lz BYTHS.

n
O

(81

Moles NaOH / mole Hb
o

OO I(I)O ZC')O 3IOO 4(1)0 560
Time (min.)

Fig. 2. Time course of the tryptic digestion
of various mammalian hemoglobins. () ; human
hemoglobin, @ ; canine hemoglobin, [ ; rabbit
hemoglobin. Further aliquots of trypsin solution are
added at the points indicated by arrows. Mole Hb
refers to the af unit (M. W.=33,000).

F~2 /1 UV OISR 5O A LRI 1

M = & & R

A. &5 Hb o7 1 BERIKE)

Poulik!s) ¢ AN #E 4L % % /] L Smithiest®
DFETE b, A%, VFPFBLIVENLE Y b
Hb o7 VEXIKE 21775 - cfER & Fig.
1A) Rt HrbBbrikidicviho
Hb LHE—0Ola BT bbb, A X
BIUY ¥ Hb 235 bR CBRAL pkEh &
M, BRI Pz kBIEERYT. EAE
v & Hb i b B < GBI KE) S o 3 FE
o Hb LixEHLERERL, © b Hb 3@
O FEIRY 2 KB &R T

BEmRAR L (pH 1.9) (Miller!D) % fi ] L T1T
it o 1Bk BRI B OfER A Fig. 1(B) i<
1. v F Hb 2BV TRvFhicBYTh

Fig. 3. Photographs of the fingerprints of (a) human, (b) canine, (c) rabbit and (d) guinea
pig hemoglobins without the aminoethylation. Electrophoresis in pyridine-acetic acid-water
(10 : 0.4 : 90, by vol., pH 6.5), at 50 mA for 120 min, followed by ascending chromatography
with n-butanol-acetic acid-water-pyridine (15:3:12: 10, by vol.) overnight. Ninhydrin stain.
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2Dy —vnHER L, BEMO L 00 af{T
Y, BEMObOMNE GEa) giThb. v
® Hb 3, @% 0BSIKEIETRE—RS 0%
ERELIErrbb T (Fig 1(A), 4ETHE3
By — U RHEBRLTV 5. Bfashizg ) —
VORS L FHEICHY TS Y — vhs 2 BFETE
TEEEZLN B, Z oI LT Diamond
and Braunitzer'® 3, — R w4 Hb 1 2E& 5k
Bt LZEX%KE'TZD?’P DT L EBREETS
A, F b o ET glutathione OIFEFICHE K
L, globin {Eflizd 7z » TIHER-7 & b KT
W1 glutathione 3Rk s hB—DEH
MHRDZ EEBRE LTS, %72, Matsuda
et all9 QRS VBER IR T O FF R, IO
Miller2) oifis 4 & H MHEH O B IZH—

I 793

Hb X vpir L tfbELLZz AV D LEE

Abhs.

Fig. 1(B) »6 bHERR LS IC

?éf—V@W@LEM

a S{ICHIE
CELSEIT B A8 R

Y T 5 ) — C ORBIE I TR D IR RR

Ao,

B. Trypsin 12 & % Hb o S
t b, AXBIVYH¥ Hb o trypsin 2 &

i borFExEE Fig
bz L THRL TV in v,
EEWMLDET 52

RWTh, M2k

2 WRT. BENLEY
Wi Hb

ENRDbPB. LhL, SEOERTEIHEED
trypsin @R T v UEER R D £ TH

{bEEE L.
Hb 1 & (af WL,

L7z o ThotE=

(a)

-4
Human Hb er %
gy
S
BT-9

@”dls rs
2 BT-15 d%
s TIO g
= = (31 Sox
2 % oT~ 09 @
2
<] ptz w74 (A
£ -6 ST3.aT14,pT-14 s
= ’ -1 ’
= (3
S Q T2

aT~B.§T-G

«T-7.8, (sT-'I‘B
Electrophoresis

(b)
Canine Hb @
O
z AN
O'@@ &
CICHRY,
CO oo o O

Electrophoresis

(c) -

Rabbit Hb (s

)

=

o

2

o

2

=]

E

o

=

&}

Electrophoresis -t

(d)

Guinea Pig Hb TN

ey

> N ———
£ 2 T,
g AP GO
o

: @.
£

5

O
Electrophoresis -+

Fig. 4. Tracings of the fingerprints of (a) human, (b) canine, (c) rabbit and (d) guinea pig
hemoglobins without the aminoethylation (cf. Fig. 3). Dotted circles indicate spots which are
faint or visible only after heating. The peptides are numbered as described in the text.
Positive color tests are indicated for A ; arginine, H ; histidine, S; S-containing amino acids,

Tr; tryptophan, Ty ; tyrosine.
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33,000) ¥ Y 3§ S hiz NaOH o= ik v b
Hb iz LCix15<¢dh v, Ingram?D o15~16
LVHEE X —FLTwS. B (BTED)
bl 7c X5z, ZoEEREOE WS
N7z peptide fEEOEEH L LT O TEHL W
B, 0L VRS D peptide D%
RHET A Liad ARENRETD 5.

W & iz NaOH o £ A 330 X Hb tixi
19, v Hb tixl7~18c» v v + Hbicth
W% L V& \vicw, peptide oftb Z o
IS LEBSE 2 ER TS h 5.

7238, AE-Hb (Aminoethylated Hb) o il{kiz
SVTREIZIERLTVWERVY, wiho Hb
ERBCTL T A D IEERPAEIBLTYwE T
LS N, ThiET 2 =F (AE) {b
¥efEic X 9 AE-cysteine 38 X UM 22E=Z D
&7~ - 72 lysine 38 L UY arginine o> C3RHEHSA
i Ensicvicotz itk d2b0rELD

‘ (b)
. AEwCanme H

3 (ETED).

C. KEWILEY Hb oFYAME peptide
pattern @ iz

Ingram?D 73§:%) fingerprint ¥EFPIFE L7-
Eic ik AE LBMEDEA b 72 <, 7ol RINIRAER
OEHEFBEHMI L, trypsin THELEITR
STl TERv. Ledls7T, VbW b core
Wk L fingerprint RICIEHIEL L 78w,
DX S BEEMENEES O trypsin E{LTH
Bl % peptide (FI¥4E peptide) & AE {LEH ©
bOLHEET B Z LIT X Y core ¥4y peptide
OUBATREL 5. 20X 5 L ANOK B
VA peptide {22\ T o fingerprint Z A7z,
Fig. 3 (a), (b), (¢), d) BHx F, 4%, 7
FEBLUENLE» b Hb o[ EM: peptide o
fingerprint #;7%. ZhbE bL—2AL, &b
BT L BEEOREREESMAI LD
Fig. 4 (a), (b), (c), (d) nENRT

k Fig. 5.k Photographs of the fingerprints of (a) human, (b) canine, (c) rabbit and (d) guinea
pig hemoglobins with the aminoethylation. Details are the same as in Fig. 3.
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Peptide pattern £k %% 5 & 4 Hb iz
I ) BEELMER A SRS, R R
2B % peptide BT, %o peptide %%
T OFUENERTH 5. BEERICB VT
3 HFED peptide 1Tk 7e D I BEEIER B H
5. L UPMEERICBIT % peptide B
DIV RERBELOND.

D. &iEwAHd Hb (AE-Hb) o peptide
pattern o Hrig

1. & ~ Hb it J 54 peptide DFEIE

t ~ Hb oaf#: peptide o fingerprint ¢
DRIEHE L Tk Ingram?D & J (X Baglioni?)
LOMRESE L LA @IED) k7
L FF7 - 7-. Core S ORIEIC2V T bAT

X BUEHIEA~ T /R E YO 50N

el A LR T 795

% Fig. 4(a) B3 X O Fig. 6(a) 2777, fhong
FEh Hb 1 U Cid &R cEE M & v T
BESEMLe r Hb LH#E L.
2. 4 x Hb tt ~ Hb obrik
AE ft£ x Hb o fingerprint 83Xz h %
Y= UEHKRT 2 BRIGOFREES N
7z b o % Fig. 5(b) B X Fig. 6(b) iz5%%.
t h Hb &4 % Hb o fingerprint # Mk L
et BRXEILOES), 7 v~ MBEER
L ONEBRT R ) B A ORRO S TEFA—L
%% bh 3 peptide Bfix spot 1, 2, 3, 4, 5, 6,
7, 21, 24, 258 L U26CH Y, zhbixke FHb
o o«T-8+pT-8, aT-7, 8+4T-7, 8, o« T-7T+FT-
7, artifact, fT-6, aT-10+48T-12Db, fT-15, T~

B OETED) o TR Bz hikd < & 1, pT-5, fT-50x (ox ; oxidized) 35 XL Ot fT-3 iz
THIETH B DI 4 peptide BFDOTIiC FRERHIET 5.
BEOVTHOLD LKA L. ZhbofR Spot 8 FHGALEIC & 5 & b Hb o spot
(a) (c) a
AE-Human Hb AE-Rabbit Hb
rﬂ;: |5 22
T2 AT %s
z s ‘?;2 @rﬂ-s £ 17 2’
% ,ns‘ "rznbo e G‘Te.e ﬁ, g‘ ’ 23
2 PTIO @ ~ 2 8 '24 25
£ O&TS‘TM{‘TM pTI$a|@T|3 T3 g é
= 8T-6 <ol ot = Os || 3[
[5) oT-8,pT-8 [ ©
Q u:'-v, L, Qﬂ'zn-l,z 7 ‘s 19 - 2
O @ (. ; O ':/"0 {—.‘.zs
@u—m. o778 e
Electrophoresis oo Electrophoresis -+
(b} (d)
AE-Canine Ho o m“ AE-Guinea Pig Hb
13
- 5 a7 -
£ o ¥ A 2 £
X 2
2 10 i, s @e E
3 O S $
5 O O @ e 8
©| 3 e @IG OEZ
Dy h

- 3

Electrophoresis

Electrophoresis

Fig. 6.

Tracings of the fingerprints of (a) human, (b) canine, (c) rabbit and (d) guinea pig

hemoglobins with the aminoethylation. Details are the same as in Fig. 4.
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(@T-3+4aT-144+8T-14) i+ 5 & trypto-
phan 345NV I T, MOFEEE IXEH
BEEUMEERY. © b Hb T tryptophan %%
Ir peptide % aT-3 TH B2 5, ZhicfEY T
% spot ICEMND 575 1T T peptide (aT-14,
BT-14) IChAY 3% spot 1XFEHIZ L LT3
Lz b, '

Spot 9 BEOWEE + Hb @ oT-2 BV

al-1, 2 YT B b O LEL2bNEN s v

BRI F Hb it L TEARTH S, X
7z spot 12 8 X U'13 % aT-5 B X O fT-2+4+aT-
Btz ZntBS T30 LELOAEN I
v MEEIERESKTH Y HOoBRIKEIE DA
Tbt b Hb ol ToBRMBAIC R kB s
RTWB. 7277 core #sy? oT-13 534 X Hb
DaHB LU B HEE LA spot 13 1
FBY Lz BT 2 DT b OEER
BHB. :

Spot 11 ik + Hb fT-4 %+ 30T
b 5PBEKIEE LB DT haERRbRS.

t + Hb aT-6 ic48% 3% peptide » LT
spot 15 MEX BI BN/ u~< MNBEIER X O
BRABEOETOTLSoBE - T3, Y
2% spot OfrEIX AT-11 OME L b L LT
BY, iz spot 17 oFh 5, FT-11 ZHHY 3
% spot % spot 15 F /=X spot 17 D3 {uh
CEBEL TV IREELH S, L URFET 2
J BT arginine 2ARH & v, Spot 14
L O16 (RJ¥EME peptide) 1XIEH ICHARR 75 spot
TR 5P, &b Hbicael ashd, i
B LIIAEETH B.

Spot 17 izix FT-9 icfgi+% peptide 23E
BLTVBLEZLND N v NBRIERD
PR B IcEE A B 5. Spot
1BIZHIETE D b I peptide 134 b
2, aT-8, 9 BV aT-9 o7 I /EEkIC
RV RERFETZLOR LN . Spot 19
BES < FT-18 iRt 3 b 0T s e v N
BER I VBERKBE O TP RERRR DN
BT &, aT-11 12884+ % spot H =D
ELEHFELTOS D LEL DREZNEHD

spot 2NRTET B 7z HYIE L.

Spot 20 ZFISEEBICH 72 > TIF—HED
core ¥Rz k3% peptide 2SFEIC L 5. &
BT ) BEoORRE TR oT-12a 7213 fT-
0DvFhd, Eeikoh bl peptide DEHE
BEZBhD. SLEHHETI/BELTER
TI/BoHrEE fl-12a 0EELEL LI
5. LaL, FEo 3 peptide iz 2 v T iz
SL 5 B8Rl spot Rz v Z kb, BXW
fingerprint (Fig. 5(b)) BT 2Whd 2 b
3% peptide DEEEBE X D DM FDELH
LBbhd. ZhboAeHECT 510,
BEL7z X Hb o a HB X BFHIT >V T DR
RRLETHS. b b aT-12b (histidine &4
peptide) izt L 72 fif BITiE spot 17 237E7E
L, oORENFEFEICESTH -7 spot LD
B AIE L b L —FH LT 5.

Spot 23 1x—R LT oT-4 L35 ic X < ¥l
TEBERTE, BETI/BELTEDLE
tryptophan % &g 7, BREXFERB LV v
< MEBERDTPRRLRL > T 5.

3. vy¥ Hb tt  Hb ol

AE fkv 4% Hb it 2w T 0ofiR % Fig. 5(c)
B LV Fig. 6(c) IR

4% Hb g &< ACHEHAC X D £ |
Hb & fingerprint R&<{[F—:&ZxbN5 b
DU spot 1, 2, 3, 4, 5, 6, 7, 14, 15, 16, 22 35
IUB3TH It + Hb o aT-84+5T-8, oT-7,
8+AT-7, 8, aT-74+pT-7, artifact, fT-6, oT-
104+£#T-12b, pT-15, fT-4, «T-5, FT-248T-
13, fT-9 BLUPFT-3 ez hE2hET 5. 7o
72 oT-13 1cFH¥ 3% spot 2% spot 16 ZE#E
LTV 3 mm b itsib Ly, —J4 < [ L
{ artifact %7213 chymotrypsin (trypsin 5
WCRMEL CRIMEEICA DN D) 12X 55
BeEZ 5N b spot 9, 10, 18, 28 B X
U32TH o 7. ’

Spot 8 I LT, % Hb o4 LRIE
i, aT-14 BI O fT-14 izixe{&=wnk <,
aT-3 124y 4 % peptide [ZERH B LD LE
2 bhd.
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Spot 11, 128 L 0131kt F Hb maT-2 5 &
QaT-1,2 b+ % —@ o peptide B rE
BB, Thbnd B I1ME #b< spot 12
BAMEO b D LEZ BB, L L spot 12 33
&~ Hb @ ¥ peptide o484+ % 02 3R
BiTd 5. Spot 11 BI U314 X Hb 1ok
NELDLIFFC IS EBERL TV 5.

Core #B43 & W HE Lz LE % SR % peptide
1= spot 17, 19, 258 X 1826234 & v 5. Spot
1nckiEc& s o ~Hb iz & 5 h 7n
. Spot 19 x4 % Hb o spot 20 L[E L X 5
o bow, v Hb @ oT-12a, 8T-10
BIO fT-12a Y+ % peptide L&z 5
B, LiL, ¥ peptide i1 x Hb nifd
CHANTNES S EoRERELH 2 25 k-
L3 peptide # R ICEHA TS LixEz
v, $hb bz o peptide X4 % Hb kv 4,
EHICHELVERDDH S peptide ThH B LE2
bhd., ZhHIELTH alBL U /eEEH
BEL T8 B KHELVARE S 2 LEND 5.
Spot 2513 AT-13 ITHETE B HDTH B2,
EhHb EBAE D s e N BEECHFIRE
MH B, Fiz FT-13 RBEBEETH 5 0k
LT spot 25 (& core H{AFICHFEL TV 3.
ST-13 ZRJEEMR & core R4y & DERICTE
TELTY 3720, v Hb ok AE {K#fE %
ZTBZ XY trypsin (THT B RSN E
), TORBRARCHRE Lz b0Ez R
5. Spot 26 X7 wv NEEIEICHE Y DXEE
A FT-11 ICEERIL, MosEEE R X < Bl
T3,

Spot 20 izt ~ Hb o oT-6 icxbiin+ 5%
DEBZOND. IERHT I ) BREORKE
FELS—H LT R, BREABERBLUOZ n
v MEBERD LF o R 5 T .

Spot 21 35 X Ur241% 7 = Hb 45 o spot &
HHL - HbIzHETE 3 b 0ie Zbhi
V. Spot 23 1%, 7w~ NBEIEODLTMLE
2RI X Hb o spot 18 L X< fHITR Y,
b romkiEA % Hb ofd LER O L o
LERbRh B,

Spot 27 ixt F Hb @ T-1 tihs+ 5 b o
THBA, 72i2 tryptophan 2EHA TV 38T
AroTva.

e BESEE T b Hb io2 b iz core &
430 peptide, aT-11 3L % @T-12b, ifay
T 5 spot XA BN VA, filed spot [CEME L
TV BB T R R O M s - o MBI L %
Bh ST b oL EbiLE.

Spot 29 33 X U30ik . ~ Hb o fT-5 5 X
BT-5ox IZHIET B b0 LBbhsn, Z0E
KAEKBEB LV v~ FBEE I L )R
HHLND.

Spot 31 WXAFFET I Bk X OVERIKE)
BEOBELEL S, oT-4 CHET3L0TH 5
N, Tew NBEECHOTAREERALRS.

4, =%y Hb &~ Hb il

AE fb=rE F Hb igow T o R DR E
% Fig. 5(d) %X Fig. 6(d) iz:%+3.

4 % Hb 034 L4 R CE Iz X v, finger-
print Lt b Hb & F—LE25h3 00
3 ospot 1, 2,3, 5 BXOllthor s Hb o
oT-84+pT-8, aT-7, 8+pT-17, 8, aT-7+pT-7,
BT-6 B T4 xhZhstiE+ 3. h
bt Hb LIERIZ I CHRTE B spot b ith
i, @KFHELEVLoRELE v N Hb 1ok
iz spot 4 DI PHEERICZEA DN B.

Spot 6 iZ4¥%k7 I /B L LT arginine m i
&t peptide TH D, FTCICHBE Lz
HE Hb L& v, AE {kic X - < histidine
&% peptide BREH LTI AV, Lz53 AE
fbizk->Te + Hb @ gT-15 (cHY+ % frfE
iz histidine &4 peptide 2SI+ 2. Lz
->Tspot 6 BLUT7Tke + Hb » aT-10
IO FT-12b iwzhFhatind s o r#Ex
bhs.

Spot 8 k¥ Hb 5L % Hb 24:<¢
FILREEERL, ol-14 BLow T-14 oy
FTELDREWVICE LT 52 oT-3 it
THELOREENRHD LD LEDbRS.

ErEy b Hb Tix, v~ Hb o B8T-15,
aT-1, 2 BX W oT-2 125515 3 X 5 /¢ spot
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4L A b R v, Spot 15 ;3 histidine &
tyrosine #&A T3, Zhix FT-15
BB LH5ED D oT-6 KRGS B F21Z
WihEH)ChB. LPLEOBRIKEELLV
s m v MEEIEICEPE D RER R B D
5.

Spot 12 13 aT-5 IZXIET 2D TH B4,
Zor7ue<w  EEERe b Hb iU ThRD
INEV. Z OMHEICEET BT O FT-2 (ty-
ptophan &7 peptide) Iz T & % spotid &
S bk, PSRRI 2 E o tryptophan &
B ospot RHELNRBZBZOvTFRPEHIET S
Lo b L, i tryptophan H &4l
OT X ) BERCERSNERCI S b0on
béhine,

Core #R4yICHEL, #5k7 I /BoE L #
iz peptide & LT spot 9 BXU1023H
5. Spot 9 o TRELIRIETER v 2,
spot 10 1% oT-13 Itk T 5 b O TRAVE &
Bbhs.

HfEds L OV & Y R IR BRI 13 IR
o spot BMREELTHY e b Hb oxt
F b FER M LT 5. RIYAME peptide & LT
Bt rHb oBEAoEHLTA B L D
IEABND. FOFRE L LT, ehHb®
peptide IZHIRTE B o0, (1) EEME
fEiic e + Hb icxhiic& %5 spot BREEIHER
LTwazl, (2 £EmWmLEM Hb oBRk
g (Fig. 1(A) cEEy b Hb R LELIG
WAz kBI S5 = &, S blEREEE I
W7 I BIRBEHBRIABC VERERESE LD
niEZLNDE. ZokdREHICL VHEE
¥5 - LRERICHRETDH S, fingerprint |

DEMIEERBEI L TR THISS®5 LT

uiE, spot 18, 19, 203 & Ot 24tk » Hb @
FT-9, oT-9, FT-13 BL ¥ fT-1 L2 hEh
ST 5.

Core ¥4y fisle+ % peptide i3, HiGEBRN
EIPE L b 248 (spot 1338 X 1N22) F7ET
. U LHMEKHE OHE S Oz ORI IER
R TH 5. Spot 22 tx X Hb o spot 20

LIEEIC X <EELIL, v » Hb o pT-10 iTxt
BTaboetELzONSE. LHL al-12a
SFEET X A vEALRY. EHITAR
Hb o#i4 LFfkic fT-12a 0EELEZ LN
3. %7z, core WiricEMET oo histidine
HBCIEERT I/ BEE AT peptide DERH
LEETAINERDS. b Hb T core #i4r
B3k peptide d 5 B, BT I/ B L LT
histidine ®Z% & & b © & aT-12b BI T
8T-12b ¢dh v, BHEEZOVTIETTRAERS
nTws. fho oT-12b s+ ioeL
Tl spot 13 &z b hiE bl vay, Zh
00 Y BEERRE Ol histidine &7 spot i
EHELCHY, spot 13 BELHObDLEL
TLELEx V. FRUHEficky, fT-10B
IO aT-12a oVvFhhas spot 14 £721319
DWFRPIREE LT VA REEL D 5. Bk
yufatt o oT-11 35 X O arginine & histidine
Bt AT-11 k2o THEITZ &2 5.

DR T X BEER LIS T D B 0%

ThORERT I BMboT 2 RICE#RS L
feE2 T, FoORRIEE b icER LT 5.
ERPE] 0 spot 2oV T, b  Hb &bkt
By EERERALNS. Spot 25 BI W
261k, =hER PT-5 B I O FT-5ox XL
+5%r#E2bh52, ninhydrin 2 X 5REE
EEE, (AT I BLAL A D 5
fo. ERBEKKBEICOPR Y AEEPALN
%. Spot 27 ikt + Hb @ oT-4 »H#kH X
PIT VB AS tyrosine AHHEhinv. i
spot 28 1% AT-3 IZ 5T & % 7% arginine 73R H]
SnFHLE < EVE v b TR arginine 7% lysine
CBHBEN TR b0 LHEESLS.

V. & =

2FORY RFSF FEPF—TH 2 PEPIC
SWTOHRERELE 5 272 ®IciE, Thbo
72 BEARE, Bl 2 DS FER R
TrEvIECLAV. SEOERICER LR
VWb 3 fingerprint #id, = OFETRRESE
TR, BUMERRTAICILEES.
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L2LBEL, ZNETREXDEHIZOWVWT
ADNIREENPLHELNLREYIZ, 2O

NA A
Man i
Dog !
Robbit |
Guinea Pig | _.
Distal His
[ree]
F Proxirgul His FG
HC .
13 J Man
SN ////// Dog
77 Rabbit
3 / AAIRI PP, Guinea Pig
Fig. 7. Comparison of & subunits of canine, rabbit

and guinea pig hemoglobins with that of human
hemoglobin by fingerprinting. Peptide spots on
fingerprints of canine, rabbit and guinea pig hemo-
globins were compared with those on fingerprint
of human hemoglobin on the basis of the three
criteria : (1) the electrophoretic behaviors, (2) the
chromatographic behaviors and (3) the results of
specific color reactions. Peptide bonds digested by
trypsin were shown as described in the text. Helical
and non-helical regions were segmented as des-
cribed by Perutz. ) ; Peptide bond digested by
trypsin, [[] and [J ; non-helical and helical regions,
respectively, [} and I ; regions which have no
amino acid sequence corresponding to A subunit
of human hemoglobin in non-helical and helical
regions, respectively. [l ; peptide, designated as
“identical”, behaving identically to that of the «
subunit of human hemoglobin by all the three
criteria, B¥ ; peptide, designated as “highly similar”,
behaving identically to that of the « subunit by
two of the three criteria, ¥ ; peptide, designated
as “similar to some extent”, behaving identically
to that of the & subunit by one of the three criteria,
¥ peptide, designated as “completely different”,
being completely different from that of the « subunit
by all the three criteria.

R7F FEHOBEE EOBELED 5 VidiEE R
MR 5 LT, B TENEFETH B
L IREE .
SEl0EEcIkEA OWILEM Hb o 5 HHF
FOBEVITEDLRTVRVAR, YHFBL
CELEy b Hb 2t F Hb 2 MEkic kv
H#gL, hbRFEHE B L RS 50,
g Hb 23, & rHb LYok REPMER L
UHREHZ R T E]EBE L. UTZh b0k
RE22E LT, HBELOELE, &M & HEE
b oBE R, HEEME L ofE, Hb ofEER
OFEBICR DARER L b Y 2 b oBAMEE
R 7% b o, Hb 3ok 5 ikl T
E7-DD, BEDEICHOVTEREL TR,
Fig. 7 ¥ X O\ Fig. 8 {% Perutz?® {27z &\,
Hb o7 3 /8K % b &1z, fingerprint o
SEORE, ThbHLEKKE EOXEE), s =
v M BEER L OEET 3 BREORKEN
5, &k Hb @ a g (Fig. 7) 38 L% B84 (Fig. 8)

N

9 i(‘
s L 8

iuul His
EF p Prosimal His ¢g
L 15
GH . G

HC
8]Man

Dog

S Rabbit
il Guinea Pig

Fig. 8. Comparison of B subunits of canine,
rabbit and guinea pig hemoglobins with that of
human hemoglobin by fingerprinting. Details are
the same as in Fig. 7.
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L, o 3FEoOFILEM) Hb & i Lc iR e
E L Wb THB. P, trypsin I Xk B g
A s Hb o7 2 2 BESic & Y Rix
B EEVHIETHRVE, & Z TR O
HoFELLTE FH oL oe—EE L.
LichisT, 4R EHEIS peptide THT I/
WeEF R T AT b Hb LIER I LB
PLTw2Z by 5%,

Fig. 7 83X Fig. 8 o 78 X 5 &
peptide SO E S BEP T NTEIVIZE £ D
BRI L, F\v peptide TRREMEOFIN
BB L TEoREMER EE LS.

SRR DR I 2 AL > b @ B “basic
center” A b B. YEphiciy Hb oiee
w7 v hyb Y & 1 o histidine (distal histidine,
CETNAEENRTBY, TOFEEEPEY TER
B\ B ETHRDHNT v % (Braunitzer
et al2h). L Ladb, Y3 histidine FH O
73 BESEL TR TSR Lcd -
COTHEBIMEER EIE L RS L L ICHEBRIE I b2
Yy nEeRbobhs. flzxE, v—< Hb
o p 4 (Braunitzer et al2d), v+ Hb o add
(Braunitzer et al2v), £ ¥ Hb @ a @i (Beale
et al®), K rYcidr rHbicabha L 5 &
lysine-lysine (E 9-10) &1 = 1L i s 5
MBI B b, ¥, a4 Hbcikaf
(Braunitzer?®) (Xt » Hb L3 UWIEEMEEZ R
7% 8¢ (Braunitzer et al2)) Tikpin D 7oAl
BEraET. Lok B TidnE
AR R AR 0 S TR b 72 Bohr ZhR %
FET 2 (BRED) 2, SLIETEHRYY AY
+ % Hb (Braunitzer et al2d) BI TR 9 5
Hb (Braunitzer et al.2) G131 L2 L\ HE
BORT L &b ICHERET T IR R R AR A
R & 72 0, Bohr RO KRERT 2. o
X9 IESL b I HBRNES LBICRT %
basic center o 7 3 BREF ORI, Hb o
RS fEMERARIZ 3BT 5 S TR & Y I Bohr
PEOFELMOPOBERD S b0 L Ebh
2. v

Distal histidine & 3%7: Y, proximal histi-

dine (F8) % &¢s peptide [ oL i3 3F
e E L. ZoXREBFEREEREO Z L <
peptide g§nEVZ L TH A 5. MK histidine
eFhosil Hb i b EET 505 (Perutz
et al.?®), = » Hb ¢ proximal histidine ot

+ % fifEic, histidine |33 < THFLEL, Mot -

Meo7 I ) BEFCHLY BRER DD LD
LEZBIS.

Perutz et al.®) j3&5EEMy Hb o invariant
amino acid & LTI@EDT IV BREFHEMLT

Vwh. Zhb o 5 b, Sk E heme O

BCEET 5 7 3 BB, distal XU
proximal histidine % 7%, threonine (C4),

phenylalanine (CD 1), ¥ X (! leucine (' 4) T&%
%. ¥ =i b invariant amino acid DOLIZ b
SIS F heme TEHIC B 57 I RICITHE
MRS 5 L vbhTws  (Perutz?),

Fingerprint ki b 2 h b 07 I/ BEED
peptide Iz > W THD &, BLVELMERT
ok oT-5,aT-10 B X T-4 ThH 5. 753,

variant amino acid Ti%d %75, heme OUTE
whsa7 I /e LT valine (H14, 7272 Lk

FHb ofa) 2 d 5. M7 1V REED
BT-14 peptide 2 bFEH IR BILS.
#> heme JTBICHEET ST I /e & pe
ptide fic i3 A7 ¥ 7228813 S 5 23, fingerprint
B kA peptide Bfro R cH D, HLx DT
I BICoV TR T 2 BUANITHATS
B, Lichio T oMoV TR L
jo .

Hb ok o CICHEEEZ NS ETRICE
HHIARL T30 SHETHS. HERTI
o SH HEMREEIC /25 D1k 5 core gy
i34 % peptide ¢ 5. Fig. 7 B XU Fig.
8 Xyt Hb LBy Hb 2 i+ 5 &,
B o»BESTIkE b (BT-12D), A X B &
Oy ¥ Hb fICEH s B EER A B B 03 E
Ey b Hb TizsmERnAbh5. fllo core
IO WTRPR Y RERERZLNS. L
L, 2hd et e %o peptide O
X B LU trypsin JEZ 4 lysine, arginine 3 X

3
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N AE-cysteine o3 fREEZZE Lz il
L7V, #7-, fingerprint | peptide &
Bevr o bk rRECT 2 RO —D &
nAHD.

5%, Rossi-Fanelli et al.2® (33& ~ '3l EhY
Hb oBE TSI >V TORER L,
wiglEhy Hb [ cIIERR AR AR 0T IR
XT3, T b b ~ARMMEEERR
FERIZI S ETw B2, BFEICHT 3 H ks
X 0" Bohr BRI ERRABND, Z LER

fo. Fiz, WEHLEM Hb 0ovbw 3 reverse
Bohr &1z COOH E UL DRENZHE T
T B AREM R RIR L. Antonini et al.30
F o  + Hb % carboxypeptidase B <AL
45z Lick Y Bohr ZENE L TS
b b, BRSO S R
DHLNHE T E D affB L O BEHO CHKIE
75 Bohr i oBEFEIC A B EEZH T TV 5
LHfEE L7z, Fingerprint | X b CRIEHES O
peptide # M35 t®NE v &+ Hb 0 g%
BT oBEBMEEE LL, SHIic TR
hico-3< peptide fHic b3 LVEHEED 2 5
na.

Benesch et al3D 13 B4 & 2 b gD HEE
Hb (Hb H) ic5vT Bohr ZiROKIEL T
5z k& RWviEL, Bohr ZiROFEHICIT 2
WORN BRI ATF M (Fx 1 HbA ©i%
at L BN M OMEAERARUNATS B L L
Ir. ——ﬁ]x - Hb o &EEIxE & L TKEHEER

Table 1.

IOA A VRS IO TRER TV 5. [FEH
B (FlziE, Hb A T at—ab, BA=3% 0
A RE R BEE B L T 5 H5 1 NERIRE
4 & H-helix #84, B CREHD, THD
(Perutz?). NFRIEH4i3 fingerprint E7A275 Y
BARENL S -, NEMT I/ Bix&ED
W e 3z X < BlCv B (Gratzer and Allison
D). BEk o> C RIS OREEIE B X ONRm D
LM 5, FEEH oA XEEHILEY
Hb Eiciegiz i Pliebo LiffEashd. 4l
¥, BRIEE Bz et —p) ofEACELT
AR Y RS F R oP RS 0T I BRESD
K& BEEEELL TS (Perutz®). Fig. 7 B
X0 Fig. 8 226 bBL M7 L 5ic, heme o
SEEET S BEFIERIEE Y R7F FEoM
REATE Y RAER A OGNS, Lizhio
CTRMEHEE oOFEE HE/ER) & EEILEY
Hb [Eicinrni D f;%ﬁﬁ%& 53 b0 LHEE
&hp. REWILEW Hb Eics bhi- Bohr
PR 0ER (Riges?) 2%, Th bk 2 RHE
G OAMEMEH OEIC L 5 b0 &g, 4
1771 7= fingerprint OFERIZTZh & X < —
THLDENZB.

Fig. 7 3 L ¢ Fig. 8 i3 helix {4y & non-
helix #(4y & % B+ 52 BH L E TER L
LOTHBH, b T CTIICEEPLEA
S EAEEN SV IHET S 2 L IXHEE
ThDH. ZOSCOCTIZE S ICEREFE
FLESICHIMN L R7TF R & HEIL LT ofE

Similarity of « and 8 subunits of canine, rabbit and guinea pig hemoglobins to

those of human adult hemoglobin as assessed by “fingerprinting” procedure

Mammals
1dent1cal><
No. of peptides highly similar
in ¢ chain

1dent1cal
No. of peptides highly similar
in 8 chain

similar to some extent
completely dlfferent

similar to some extent
completely different

Dog Rabbit Guinea pig
4 5 1
6 4 2
4 5 5
1 1 4
9 10 5
3 2 0
3 3 6
1 1 5

*; Refer to the legend of Fig. 7 for the four classes of similarity.
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HEF % X /& 75 peptide iT0v T HEARGFTS
HUEND S,

B#ic Hb R ED L5 L L TEh
oV TR EMZ TAHe. Hb ofiE Lo
iR X OEEME & et T2 kit kD,
Hb ogs X+ 2B8ETFOELOEER X
VHMEMDZ LD 2 EEETHZ. 0D
X 5 7340 Hb (Ingram®®), o745 b 7%
S ZuaTy v Hill et al3d) wERMT EAERIL

%3 (Acher et al3®) 3 X (8 fibrinopeptide
(Doolittle and Blombdck’®) iz EHE T
3.

LEFZE Lzt~ Hb Lo 3O EALEMN
Hb o#E EogEREE £ & » Table 1 1R
4. & h Hb o421, trypsin ic & 3 peptid_e
EAEOEENCLY, af iBIUSEHIbENRTE
“HISER X UN16{H ¢ peptide AR E B, Hil
HoZE L, thosi Hb ofsice s Hb o
P& LR UERAL T trypsin 1 & B R EX T 5
BEBPEEED LR, R0k R UL c s
ZEhBboERE LT fingerprint |0 35
OREED B = OFRMER 4 K4y L (Fig. 7)) %
KA3icAEY 3% peptide DfE%%E Fig. 7 B &
O Fig. 8 bR DTz

Table 1 oL I/AxX Hb 2oy
FHbixe r Hb LEERBELIERZ D X H
5. LaL, ¥bohbvzid( X Hb o
t b HbicEPILTRY, v Hb XV b X
VL7 Hb ThB L Vv 2 B, EAMEY F
Hb oS4 X8I0y Hbiclk LT
EBLVERZ VBRSO R, P YEEREOEN
7~HbthaL#EEESNS. LEALINETD
EBERE RRBESENMR RS TIh
S EM OIS R BT 5 & g IRk
T ThB. El, ZhbHOEEFE UMILIEICE
THLFvze MVIERE, 1 XFRABE, U
FERRBEFLTCEAEy MIBEHHIREL,
FRNENME OELEFME LD XD Tk TH
ALV, Lieho TEHHEEB ORI cE4H)
) Hb o EERN L SN I D0
EXdD. BEHCELUETTRAL DM

BRERPREINZOBRPOERTZMAN 2
bhTws (Hill et al30). UL, #ioHOB
Wi o TR R R AR IR e 23+ 4 T s
CERTH 5.

Ingram’® iz L i3 Hb 4F 0ol 4+
r EVEEGTT, TOBERIRET HEBTIC
JEYR E#E (duplication) & Zh 2O & >3 { BT
(dislocation) 23 Y, HEAOHI B » Hb o
ab, rF, B B oM B SR L v ).
THHHERAE Y RTF FEOBLOBET, &
BORRER L BRKBES Z LItk - TH
20 Hb 7Bk ShizcbEZEZ2 b 5 7,
Fig. 7 510 Fig. 8 »#bb»5 k51, Bb
P BT OEIEICE A BB TEH K
HEWER A SN, Zh b ok Hb o
KRLEZLDTERVEDTHY, KezZ o
A ICERERPE -7 & LT H ARk ES h
TlEobotiESNS. Yootk
> CHAEYOFT 2B OHLAE Y, Hb 138k
FEIERERE D O RBMBRICOERT 5% H 28
mEhBicvicolk. Hb 7z ofB 28
L, DoBMEE OATRRECIER LA b
2THEALTER LD LEDRS. FRELHIC
Z o Hb o 1 KIEEPHEHI BT LM -
T, OB+ 3R ATEEE D 7 offrkic
ESWTARERICEBES LT b L Bbh
3.

bk, A%, UFFBIOELEY F Hb
1%k v 5 fingerprint i X U Holg
L7z,

1. #fEEeLE Hb [ <X peptide 0EX
DD T AT G EERBEEE L.

2. Stk L heme sEfFD 7 I BAESIC
I Y OIERIMENRH B, 4RI basic center
BT ABELUMREETH S, b oL
Hb 0ERsEWEERRRICRE REEFEIZR LT
WhHLDEHESHS.

3. Vwh3 core Hy Tk BHDD HES
(BT-12b) izix /s » OFEEMERL b h, =0
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BTl L CEET 5 SH I3 sEE I 2
RYVEBELBERED 5 4 0 LEbhB. o
core ERIFIFEIC L Vi B D BEENLLR
3.

4. FfEY 72=y MNEOBUOOErrb
Y DHB5NE L RCRMEB/TICIZA 7Y 5 R
HrH o, BaBPHTEORO>E DIRE
RELLZ b0 b 5% L Ebha.

5 RV T o=y MEORKU X KD
&% peptide (K Y =7 F FgE ORI B
75 Y s 2B FE 4 B Hb [ic 25 h 3 Bohr
WEOER L5 P OBEME Lo b 0 LHEE
Iha.

6. & b Hb L& EoEUMENID 4 X
Hb @& biFgkcd Y, T4ty b Hb iz b
EwERoOLDLEbLRS.

WOK,mmmugvkwwmmt“*ith
/L:}'DJ:UH:IHI H)J%()(( /.'\<J ng 0)_"—&'47‘2%1/
£, i, §x BHEER SOCHIBIE VIl & &
U 7o — L0 3ci (BROAED 12 IS s Wikith 7
LET.

(AFhr D 1R B AR 244 [ 8 2 s X OB
73 lﬂ E’\W\ ,f;/;?i"l’o\/‘ liﬁ?bk)

X B
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Studies on hemoglobin A, ll. Oxygenation properties
Michio Santa (Second Department of Physiology, Nara Medical University)

Hemoglobins A; and A, were isolated from normal adult hemolysates by starch block
electrophoresis and DEAE—cellulose column chromatography and their oxygen equilibrium

characteristics were compared.

1. Average purity of hemoglobin A, samples was around 9995. The average methemoglobin

formation was about 2%
completed.

oxygen equilibria.

when measured after the oxygen equilibrium experiments were

2. Difference in the separation techniques of hemoglobin A, made no difference in the

3. Hemoglobin A, had a slightly but distinctly higher oxygen affinity than that of hemo-
globin A;. There was no difference between hemoglobins A; and A, in the Bohr effect both

qualitatively and quantitatively.

4, Heme-heme interaction of hemoglobin A, was pH dependent, and the Hill’s exponent
n (an empirical measure of heme-heme interaction) exhibited a reversible reduction in alka-

line pH.

[. ¥ & & &

% 1R Hb Ay & A, oW bR e
PEOFDEIZ O VT ARIY. RO TARB T,
MREEEM L v o BRI L TRE 2 g L
TerERIL oW TRRB. oz CIREAL T,
41z Thompson et al?), Meyering et al,
Eddison et al.¥), Huisman et al.5), Rossi-Fanelli
et al.®), Huisman et al.D & 0#&E1H 505,
—FE LR 2 Z DA Ty flzE,
Eddison et al® 1%, E&xEEc L v Hb Ay,
A, RHEEL, * OBMFTEREC OV TR

L7chésR, MSE#ifule, Bohr 208, ~ M.

HAERICTEERZZRD L o120, —5,
Huisman et al.” 3 DEAE-&n— X % %
bVvs BT arwv MECE D Hb 0Bt
BT, [FRHERR Lckis, Eddison et
ald rRZonSTRESERELTYS. T
bbb, BEHMECOVWTE, Hb A, ok

ZR LSRR BB 2 AR
1485460

(J. Physiol. Soc. Japan (1968) 30, 805-814)

NKEL, ~LBHEEROREZ RS Hil
X® onfEicovTix, Hb A, ok 1.4~20 L
W (2.8 Bif%) L kA VS WERETRL
EVHETHD. Z DL D ic—Fk LicfEEs
ZbhAVEEE LT, igeEic X v Hb A,
DHEBERERT v 7T ey 7 BRIKEED B
WiEHT AR NEERE STV L, &
S IR FEEROFMENBEANTRE > T3
e, FbbuviEEo A, OfE, 50
% Met Hb SEZCERMNEEST 25055
TLEREZOND. DEoSIcER, KK
TREBE LTTF AT e vy 7 BREEIER
U DEAE-t i w—R e BT L7 v NET
z7eHb % 4B, ZhoD#EEICKECEEL
T Hb A, & A, OWFELMHHIERE S HBRRET L
7z.
I. £ 8 A5 &

A. IR OVERL

E#EAONERS S 20~30ml i L, %I
EIZ BTl 7 L [FEE, Drabkin @58 i
H U T R AR LTz,
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FrrrTay J BRIKEHIC X 3 HEEEICHER
SN B YW IE, Veronal 2 (pH 8.6, p=
LT, ¥, BT L7 ww EEE
RS hBEAIE, KHPO, ik (0.005

"M, pH 8.6~8.7) izt LT, 12Wf 4°C FToi%

-

WL, REREEE, EARNCISSE0C T
L (10,000 r.p.m) ZBZRWILEYE &
DOFETE. ‘

BB, A, SEECh b Hb RIEOBE
i, BRKENEC L2588 %, hoosrwm
< MECE BB A~6%T, 2T COMY
LT L7z, Lieis TBIFIC b B A5
Bz FToHRS COFTAZHML TRV,

B. FvrvTuy s EBERKEKEEICLS Hb
A, O

Kunkel and Slater 050 [c#ETTBZ
ol FHE, BlIREOLBUTHS.

C. #7hr7wu~hikicks Hb A, OB

ChernofflD), Huisman and Dozyl2 & 0 A, B &
FEEDLLHELT A, OBEBEFBZ o7z,

A Fagifkr LTk DEAE-2 1w —X%
b by, BUF#R~N3 X 51z 0005 M KHPO,
IR (PH 8.6~8.7) I L THRAEMHSETH
& (4C).

B sk 45cmx45em DL DO EEH L.
BT ABRRE DK O L 5 REEE LT
A AR R —IE h T M CFEE L.
bbb, 51 0E—5—RIic0.005M KHPO, %
Wi iRE Lz DEAE-xnrn—xX% AN, <7
XF oI AET—CTILEBHRLTEL, —F»
5 Az b 0.005 M K,HPO, ¥Ik%% L CHE
FEo—LECERL, THIVEYRRST
K.HPO, BEEHHT 5 Ly 4 7 x 0
T DEAE-t /v v — BB 7 7 A NICEBA
Ihad. ZoXkHicdsl, DEAE-+& )b u~
ACEBOKEEMZSZ LB TE, 22, &
5z DEAE-+ /1w — X\ —Ic S 5.
Z ok, £°C oXRENICZhE AN, BT L0

B ERAICREET S ECRIEE D 0.006 M

KHPO, i &3+

Hb BWEOWEEIT4~6%L L, 1E®HRZY

BER 2g o Hb %K (L2 - T, #940ml)
EHTLACHRMT S LATE S, BEEH
0.0056 M K,HPO, ¥k T3 = 7\, Fisaid 120
ml/hr & U7z, F4FEMT Ay 35 o0 L
LD 30em Blobhi DERITEEL, A, 3
RIS HHT 5. HH Lz A B
3, Ty v T ey 2 BRIKENC X S HEEOY
HEETL, E~LFH (non-heme protein)
PEELTVI 0, Hb 0Ol LIE~LED
fFE iz ®ic Amberlite XE 64 (pH 6.5, 0.05
M J vEE-Na B c s TR<{) oF
A {lbemx4dcem) bW TEZe<v M3
BZisb., o, E~LEHER A B
o pH 3#5s0%h (PH 65) ichb¥ s
TERLEOE EWRML, o ETEER
(pH 6.5) THESICHE~ L BHEFRILS® 5. Hb
B (A X7 5 BBEREL T30, B
BA#gic 0.3M NaCl iz 5%, 73 ERE
7%z 05M KHPO, ¥k 10ml #inz 5z

Ltk o T A E—RemHT S Lk
T, A, BHEBMERECTZ OGS, BEIC
WLaw Pt UEE b BB RIMNEREICE 5
TEHIERELR.

—%, DEAE-+ v —RIclE L A i,
0.5M KH,PO, CR &% LifEs it L
T 5. FHLE Hb #BHcix 272 Hic CO
HAERIL, SHEERER—E O, Hb iz
b ok CO Hb iegz Tk <.

D. BRFHVAEORE

BEE R OSRF T EIC X VIRE LD,
HlEx, 04%oxRBHC>wT 0.1M Y E-
K ffiye, WHE 155°C tBo/hote. FhE
Bk THoOMEHC o T, Met Hb HEYW B
LU pH (15.5C) Z{lE Lic. 7ok, #p Hb
iRz CO Hb DREETHRE & LT 37,
FBRICE L, BRI E B Lo b ERSE & A
I &5& L photolysis 12X - T CO Hb % O,
Hb ez 5. b, BREEREICKE LEE
Hb 235745 1cBilesE (deoxygenate) iz g
P ORERIT, 555my b 540mp o W I EE M
(1.26 DLE) 12k o 7.
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E. EBEROMITE

MR AR T IR BTN (v) 2BHENT
DX (log pOy) IZH LT mr Yy FLTRLT
HBH. Z0XS KT i, BREMMEOEL
i, log pO, #lh OO FEITHIICL 5 T
TREND. FREHTMEOTRE L, 509 FRTE AT
IR DERFE ST E (Pso)—BH 12 O, log pso—
TRTINTES.

wiclh B o B, Hill oS y/100=
kp?/(1+kp") i & v, log y/(100—y) % log pO,
L7 ry FLTZONBEMOAE 0 f8)

R VEERMIRE 5 (v : BAEMFIE, p -
RFSIE, k n: ER) EHRESIE po (7
leb b, log y/(100—y)=0) ML CTHbEET
291, ZonfER VDY S~ LREE
EHOREZRTLOTHS.

. = & & 2

A. Hb A, A, oBijE

Fig. 1, Fig. 2 &r+ X5 DEAE-%2 L&
~X e yuw MEERCEEARILL, FryTv
7wy s BREBOHAD L FRIC A, 0

0.8

Absorbancy
o)
o

o
>

0.2+

0.005M KzHPO4 —M—'L— 0.5M Phosphate { pH 6.5 )|

] 10 20 30

50 60 70 80 90

Tube No.

Fig. 1.

Chromatography of normal adult hemolysate on DEAE-cellulose column. 50 mg

of the sample in carboxy form was applied to the 2x%45cm column (4°C). Flow rate; 100
ml/hr, fraction volume ; 4 ml. @—@ ; absorbancy at 280 mpy, O—(O ; absorbancy at 420m .

)

(1) (2)

Fig. 2.

— A
—A2

«——non-heme
protein

~—origin

(3)

Starch gel electropherogram of hemoglobin A, isolated by DEAE-cellulose chro-

matography from normal adult hemolysate. Tris-Citrate-Borate buffer. Amido black 10 B
stain. (1) Hemoglobin A, as isolated by DEAE-cellulose chromatography. (2) Whole hemoly-
sate. (3) Hemoglobin A; as isolated by DEAE-cellulose chromatography.
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MRS hbhi., Ty viuy s
EBLRKEHCX S A, OHBEERICE, HTo
A DREZEDZZEL D 5 (58 1HEH)
B, ThRBELKE®E T v T ey s ol
DL EE RIS Z ECRSICHHIET A 2
LRTES.
HEHRERICRBZ 51 Hb o Met fkix, #F
BreLTCOHb 2L BB L, KIENLDT
Ah U pH (GkE), 77 hesm< bikE b,
pH 8.6~8.7) CHER{EA Bz L5 T LItk DIk
WIDB (1T it b3 R TEK.
B. FRSREHRE
L Fur7vrey 7 BRIKEITHEELZ

Hb A, BIW A, &onT

Fig.3 &7 v 7" v 7 n v 7 BEKE) T HEES
hie A, BX O A, o~ pH 121 5 B
BEERR 2R Y. Reb bR I, Ay
A, &b IR S TR OB RFREAR S 2 5

75+

%
a

Hb Oz

25

75

%

Hb Oz

25

-y —— o 03 o6 09 2
log pOe

Fig. 3. Oxygen dissociation curves of hemo-
globins A; and A.. Both the hemoglobins were isol-
ated by starch block electrophoresis from normal
adult hemolysates. Hemoglobin concentration ; 0.4
9% in 0.1 M phosphate buffer. Equilibrium tempe-
rature ; 15.5°C. Upper curves : hemoglobin A,.
O—[7; pH 8.88, @—@ ; pH 8.09; O—O ; pH
7.75, @—@ ; pH 754, A—A ; pH 5.83. Lower
curves : hemoglobin A;. [J—[];pH 855 @—@;
pH 791, O—O ; pH7.75, A—A ; pPH5.90, A—
A pH 5.60.

h, Bo~LAMMEEEROTEET D Z bk
3.

L, ZZTHERETNEAE, A OBE
1B I s h s 7 Ak VAl pH o Sk
HEOIKT (~aMMBEAEEAOHED) Tbs. =
OEEBARECT A DI, Hill gy &3nT
Fig 4 IR+ 15k 7wy b &R 7 » TH
7. =07 571k log y/(100~y) % log pO./
Pso CRLZ7my bLIEL DT, ZOLOKT
3L EHBROMBEOMELZHEELT, TALD
ORI OCTHAEIKRETZ2Z X TE 3
B, Z oAz b A EEROAEN nfETH
B LR mETHS. A ko THB L, Fig
4b IRER TV B LY IC n=28 LEBEMF
B S ik pH o2k (PH 5.9~8.5)
WG R —EThB. Verxbe, pH @
BB L ~ AEHEEEHOREIRX—ET

o
o1

log )%oory
o

-05

o4
o

log Y/ieo-y
o

~05}

-03 (I) 03
log  POz/ps,

Fig. 4. log y/(100—y) vs log pOq/pso plot of
oxygen equilibrium data as shown in Fig. 2. a:
hemoglobin A,. [J—[1; pH 8.88, E—M ; pH
8.09, O—O ; pH 7.75, @—@ ; pH 7.54, A—A;
pH 5.83. b : hemoglobin A;. [J—[]; pH 8.55, @—
@ ; pH 791, O—O ; pH 7.75, A—a ; pH 5.90,
A—/A 5 pH 5.60.
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H5. —H, A lowTHhBE, Fig. 4a R
ENBE5IC, AbMIC2RKDERLELY, B
BOBE (0 &) 1 pH7.5~7.8 Tix 27 TH
2L T pH 8.5~89 i 19 Th 3.
FTiabb, A, TovTIHEREERE®RO SE
W (~2MEEMER) o pHREE L v 5 5
kK, EFAHb Qs ohind o LWE
BEBw LN, FEoFEx Tablel B
Fig. 5 i S HICRIEMITRLTH 3.
WRIZERFEHFAME PR & O Bohr ZjBiIcov T &
L, Fig. 3, 5izabhsa T el, Avich A
LIFEE Bohr 23R, + 72 b b, BEHMMED
PH &Ko FET 322 L3HATH Y, i
EEMIZHE LT A2 TH, A Tk dlog ps/
dpH=—0.73, A, <1z —0.74 LA b, WHL
[FIf2EE @ Bohr BN EETZZ L b1 5.

Table 1. Comparison of oxygen equilibria of
hemoglobins A, and A, isolated from normal he-
molysate by starch block electrophoresis

pH log pso* ik M;t*gb
(165C) —mm— ——/— —/—
A] Az Al Az Al AZ

5.60 1 0.86 3.0 5.0

5.83 0.78 26 4.8
5.99 0.89 2.7 3.7

6.52 0.90 081 29 28 28 25
6.79 0.83 077 27 29 26 28
7.07 0.75 2.6 2.1
7.32 0.68 2.8 24

7.38 0.60 052 30 27 11 13
7.39 0.49 2.8 25
7.54 0.55 046 29 27 38 17
7.75 0.39 019 27 26 10 1.0
7.81 0.16 21 1.3
7.87 0.13 2.7 1.9
791 0.14 2.8 0.9

8.01 —0.01 1.7 0.9
8.12 —0.06 2.3 1.0
8.19 —0.08 2.0 0.5
849 —0.11 2.0 0.7
855  —0.12 2.7 0.5

8.83 —0.16 1.9 0.8
888  —0.21 2.7 0.6

*; logarithm of oxygen tension (mmHg) at half
oxygenation. ** ; Hill’s exponent. *¥* ; measured
after oxygen equilibrium experiment. cf. Fig. 5.

%

Hb 02

BB EfMEIcB LT, pH 288 (pH 5.60~
8.88) Icbiz - THIGR, BELZNPLEIZ A,
DENDN A, DFENE LED S TV 5P OISR
#5175 (Fig. 5. ZofoFEFF—pH ic
BIFB A L A, ORREMEEHR % E 4 12 ik

1.0 T T T
05
o
&
i~
S
ob
-08 : *
3
c2r
| . : .
6 7 8 9
pH

Fig. b. Oxygen affinity (log pso) and Hill’s expo-
nent n of hemoglobins A; and A, in relation to
pH. Both the hemoglobins were isolated by starch
block electrophoresis from normal adult hemolysates.
Hemoglobin A; (), hemoglobin A, (@). Hemoglo-
bin concentration ; 0.4% in 0.1 M phosphate buffer.
Equilibrium temperature ; 15.5°C. pso ; oxygen tens-
ion (mmHg) at half oxygenation.

le 85 w '8 Fri 65
[{o]¢]
80
60
40
20

0 , N . .
-06 -03 0 03 06 09 12
log  pQe
Fig. 6. Oxygen dissociation curves of hemoglo-

bins A; and A, at three sets of comparable pH
values. Hemoglobin concentration ; 0.4% in 0.1 M
phoshate buffer. Equilibrium temperature ; 15.5°C.
O—QO ; hemoglobin A;, @—@ ; hemoglobin A,.
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Lica, SoRBELPIRTZ LB TE 3.
Fig.6 1z pH 8.5 (A, : pH 8.55, A, : pH 8.49),
7.75, 6.52 BT 5 Hb omHEEtiR LT
L CHiz.
oz X hiE, pH 7.75, 6.52 BT A,

100
80
®
~ 60 p
Q.
0
X 40¢f o
207 E
ol . ; . , . .
-06 -03 0 03 06 09 12
led po, .
- Fig. 7. Comparison of oxygen dissociation curves

at two different pH of hemoglobin A, isolated by
starch block electrophoresis and DEAE-cellulose
chromatography. Hemoglobin concentration ; 0.4%
in 0.1M phosphate buffer. Equilibrium temperature;
15.5°C. Hemoglobin A, was isolated by starch block
electrophoresis () or DEAE-cellulose chromato-

graphy (@)

o

5f

109 pg,

pH

Fig. 8.© Oxygen affinity (log ps)) and Hill’s
exponent n of hemoglobin A; and A, in relation
to pH. Both the hemoglobins were isolated by
DEAE-cellulose chromatography from normal adult
hemolysates. Hemoglobin A; (), hemoglobin A,
(@). Hemoglobin concentration ; 04% in 0.1M
phosphate buffer. Equilibrium temperature ; 15.5
°C. pso ; oxygen tension (mmHg) at half oxygenat-
on.

DOFH A LD VBEBFIMESRTHDZ LT
HETH 5. pH 85 BT, M ki
BBEALTBH, Zhit A thbhad7T
v DT o~ AEHEEER OB IC X 255
TR O STRMDETILL 2 b0 TH 5.
BFRHAEE RAT 256, Bk Hb Jmigh
» Met Hb 0FBEEE LTI
2, SEo0ERTIT Met Hb £Ei3£ &
5%%Z % (EBRKTH), £z Met Hb &
B A, A HeFEBETH oz L2 b
(Table 1), = & Met Hb JR7FE 0B 5E MRk
BicHT 2B r v BETERLTE L2
2l iEZORS.
2. DEAE-¥ v —XGHEE L7 Hb A,
BIWA, 2w T
Fig. 7 w5 v 7" v 7 v 7 BRIKBIEL L O
DEAE-%u—~Z ¢ #T5 A mn< b ETL
A; izowT, [Fl— pH (pH 8.21 I £ 6.80)
Tx I BEMEHREZ T, Ay HEEoFEIC

Table 2. Comparison of oxygen equilibria of
hemoglobins A; and A, isolated from normal he-
molysate by DEAE—cellulose chromatography

pH log psy™® ¥k M;;*gb :

(155°C) r——— /N
A1 Ag Al Az Al AZ

5.68 0.81 2.9 4.3

5.74 0.79 2.7 4.9

6.50 0.84 2.7 2.6

6.51 0.90 2.8 3.0

6.88 0.78 2.7 2.1

6.90 0.82 2.7 1.5

7.23 0.63 2.8 11

7.25 0.67 2.9 1.2

7.55 0.54 2.8 19

7.63 0.43 2.6 24

7.81 0.38 2.7 2.5

7.86 0.15 2.4 0.9

8.09 0.00 2.9 1.3 :

8.17 —0.08 2.1 1.0

8.44 —0.10 2.9 0.9

8.52 -0.14 19 1.0

8.88 —0.21 2.7 0.5

¥ ; logarithm of oxygen tension (mmHg) at half
oxygenation. *¥; Hill's exponent. *¥* ; measured
after oxygen equilibrium experiment. cf. Fig. 8.
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FROX TV HEITRD ORI Ay
n fEOETICowT, = 0H&HN pH ITf&kE+
BEHMIE DD TH L PEPERNT D0,
EHRROEY BEREB Z k- 7. 7,
A, BIRE—H 01M v UK g6 (pH
8.88) loxh L CL2WRMFAT L7ctk, #hik Hb &
WaE o, 2o l1¥3FnEEo pH T
ERT 5. POk A BIRGERICYER
BIZ/PNST L, 4 % K pH (8.55, 7.55,
7.01, 6.65) Y »ER-K B8 0.1M) 1zt L
T 6 RSN Ltk T OBRFEMEEHR & 1
W5 ToOEE: Fig 9 LRLTHS.
NrSHLMR LS, &F A, KBVWTED
e~ SEAEEER O pH RE RS T
HRBRTHHZ b5,

V. & ES

SREIOEBROE L 0 BIE A, HEHRE O
BICE - T, ZoBBEEBREICESHTLD
PEPEHEOMCTSZ L TH B, Eddison et
alV o ki, BRIKEIMIC A, ZHEEL 28
& (oxy 1), HEEERETICERRBS AT
FARVELTHMLLOERBZ Y, Tolk
D E OB LHEHEICE RSz 5 L), &
512, BREGXEEFRLLT, v v Ty
7EbB\v5BE Met Hb o %£ < (05~
6%, E393.5%), Pevikon C-870 # 4 H\v 3 &
SEERER O Met fLidd i iR ERT
24, HEE A, RICEBH24% D A OREEFE
DT3B, F7z, Meyering et al® 3 CM-+

3t -
-—8—@
A
c2r i
‘ 1 : - o I}
7 8 9
pH
Fig. 9. Reversible pH dependency "of heme—

heme interaction of hemoglobin A,. Circles and
triangles denote the results on the samples prepar-
ed by DEAE—cellulose chromatography and starch
block electrophoresis respectively. All samples were
first dialysed against 0.1 M phosphate buffer of
alkaline pH as shown by O and A and then
divided into small aliquots which were again dial-
ysed against 0.1M phosphate buffer of various pH
as shown by @ and A.
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Studies on effects of dietary composition on acclimation to heat
and cold with rats

Yoko Ito, Tkuo Kunishima, Yoshio Katayama, Taro Inoue and Hisato
Yoshimura (First Department of Physiology, Kyoto Prefectural Univer sity of Medicine)

1. The resting metabolism of rats acclimated to heat is lower than that acclimated to
standard temperature, while the metabolism is higher in cold acclimated ones. Effect of
dietary composition upon resting metabolism is not clear except that of cold acclimated group
fed fat diet which present the highest level among others.

2. The injection of vasopressin suppresses the resting O, consumption. The suppression
is the most remarkable in the fat diet group which are acclimated to cold as well as standard
temperature, but not found in heat acclimated normal rats.

On the other hand, it is demonstrated in warm acclimated hypophysectomized rats, especially
in fat diet group.

3. The resting metabolism of rats is enhanced by injection of adrenaline (probably by
norepinephrine effect). The enhancement is more remarkable in cold acclimated rats than in
the other groups. Fat diet group acclimated to cold is the most sensitive to adrenaline.

4. Release of NEFA from epididymal fat tissue in Gordon’s medium incubated at 37°C
for four hours was measured and it was found that the release is more remarkable with the
tissue from cold acclimated rats than from warm acclimated.

5. These results suggest that lipid metabolism plays an important rfle in acclimation to
heat and cold. Effect of vasopressin and adrenaline injection upon resting metabolism of rats
acclimated to heat and cold is proved to be explicable by the possible réle of the hormones
in lipid metabolism. Thus vasopressin and adrenaline plays an important rdle in acclimation

to heat and cold respectively.
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Table 1. Composition of food
Diet Standard Fat ~  Carbohydrate Protein
. Cal % 14 10 14 50
Protein {g % 19 18 15 53
Cal % 39 10 77 39
Carbohydrate { P 53 18 31 1
Cal % 47 80 9 11
Fat {g % 28 64 4 5
Multi-vitamine 1g/100 g food. McCollum salt 2g/100g food
Table 2. Dietary constituent
Standard Fat Carbohydrate Protein
Flour 130 g 33 g 260 g 139 g
Casein 24 22 13 114
Lard 40 81 0 0
Cod-liver oil 11 8 6 10
McCollum salt 5 3 6 6
Panvitan 0.8 0.6 1.2 11
Total Cal. 1005 1003 999 1002
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Fig. 1. Schematic representation of experimental
procedure for determination of O consumption
and CO, output from rat.
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& (PH 7.3~7.4) thiz T 37°C © o 20
4 RS incubate +30ThH B

Fig. 2.

N, ZTOBEIZ5% 0 E LI

40 60 0 20 40 60 O 20 40 60 -

time in min.

The oxygen consumption of resting rats which have

been acclimated to a certain temperature.

bovine serum albumin (Fraction
V) ZiRMLTHL. ZHLHIC LT incubate
+ 3 Lo NEFA (non-esterified fatty
acid ; free fatty acid, FFA } § M%) % medium
Pzl T 5. < LT medium ST
BEHBALZERO medium H1oo NEFA 5 &
incubation #¢> medium H > NEFA {§ & %
FE LT net (il L </ NEFA fEzk»
5. Z o NEFA oEgix Dole o Fkic ko
7o OINE O REIXIENT R O EE#R % NaOH
THETH2PFRE TH » T, FEHETZ O
NaOH & L Ti% 1/1000 N ¥k v 5 2 L1
L7c. a8 OMER & BRET % 720 IS ko
NEFA WIERTH I T BHE L 2 F VERIRIC
DT E OBEEREMBRERDZZ LT L.
ZRiEZ oo end point 3 bhlig A I
THBOT, EERRBEHO end point % #AEk
7 NEFA Jlg oo BRICT 27-HTH 5.
7% NEFA oRlEERICE L TRERS X
TIIRICEEE w72 7 v ~ oEFAEgE & D
H LT incubate F3Kiz%» medium iz
adrenaline Z i L T (0.1 zg/ml medium) &
BLIEGEAE L H 52, ThiEE o 8k s
adrenaline |2k o T X OBEE TRES LD )
% in vitro THRFLbDTH 5.

M = & g #&

ERHBEEROIEFIC LR oTHONB I L

24 5. 2OHEER,

A, IKIEB X CERIHET v F 0%#HEE O,
WHREONIERME, B. adrenaline 7 & OV iC
vasopressin 5.0 O, {§HEIZH LiETHH,
C. 7 v  OFREGAREPN O BEHENE H5ER o I E
D3DOThHB.

A, KRB X OEREMET v~ 0% O,
TR

FTTIHEOHE T~ LD 1T O, HEOH
EITLEST - T T » % respiratory chamber |
KLBHANLTILBIG LT 3 <. O, HEE
S AMRT LRI h s THIE L.

B2 1R Lz 4 O RE CREF L
Fo b (BREBAI~SIL) COWTHIE LK
LHETHS BEHME IR - TEHT v
FOEER T L), BBROBEDIX L H10~
2055k v F ho ofitd O, WEREN LA L
Tvb. ZIUIRIE T 0 N % adrenaline <

-vasopressin X EEBRDIZ D OB LT DL 2
1z O, JHEIEBIAR AN RIEKEHEL
72l T v WREFER T2 72 D OBECH
2.

FFEONFER 20£3C) © 3~ 4 BEEHEE
Liz7 v b O, HEEERDZ. 2vTZh
PREHIE (1~5C) o/ r—7LERIE

B0£1°C) D/ N—FLIC2KRBILT, T ¥
N3~ 4BML B ICIHESE T2 b £ 2
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O, BEEOHEE{TR Tz,

KX OvBEL» R XS cERETIRED O, 4%
B3y 2.1~2.3ml/g/hour ¢ % - T, Sch-
midt-Nielsen #2519 ofF 1.94ml (24+1°C
CEE, WE) LD ok » il 2.0~22
ml (24£1°C TFF, WE) & L{—FLTw
5. EPHECHE LEEACRAREC XL 5%
Bi3Bh EHRLwbRT, REBEAROBAI
iz O, WEENS ERET LTV 5.

WIAREBLE I D VW T AR B L, BB -
TETFOEXD BN, »TFhitto O, HEE
RERAEER LV DEML TS, ChiETE
MNMECBCTEHICOIEH X v L2 o EERH
ER10~156% FHT2HFEL L {FAL T
5.

wiICEBEIEE X ER kLT E 0 O,
WEREIZWTFhOBBL B Vv T HETFLTY
5. EIEAREMOREHI VL Z 0 O,

Table 3.

e e EHIE o Frille 3E ke FHR—3F v FOSEEILICR LIETEEOREET LW

HEEOETVEETDH 5.

ZD OREEEICK B X D i EEN
RBSCBE R voT, Mo O, HEEOHER
BT, ZOESEEERE LR (3045504
#) OfEE£T v MEIKFHL TR o< 5
7z. F o control (X EAE, cold 1ZKIE, warm
BEEMATERL, standard, C.H, Pr, F. 1%
ThEThEER, FEER, BIRMERT. %
7z S.D. iEREREEE NIZEE Z R, RIOR
SNz X9 KEHEOBLRIR DN T oA RETH
DR BEENEETRE . f LA O
Z o3I A LSRR B O EBEOZE Lk D
5 LEBOERD Y, REFCE Mo KRR
LY bR LEHR O WEREVE L, BRI
TR O, HEEMEY. Zosic2vTiRA
PREBRICEE L TABIc B BB ER 21775 - T
%% L HBRHENLTHRT 2 05 KREDVOD
BEE L XL —B LT3,

Resting O, consumption of 12 groups of rats

(A) Mean value of O, consumption (ml/g. B. W./hour)

Control Cold Warm
Diet
: Mean+S.D. N Mean+S.D. N Mean+S.D. N
Standard 2.10+0.41 6 2.36+0.42 5 1.69+0.25 5
Carbohydrate 2.15+0.35 8 2.51+0.31 5 1.81+0.29 6
Protein 2.28+0.21 8 2.25+0.42 4 1.89+0.31 8
Fat 2.15+0.27 7 2.654+0.30 5 2.204-0.34 7
Mean 2.17+0.31 29 1.854-0.30 26

Non significant
among various
dietary groups

2.44+0.36 19

Ditto Ditto

Significant difference between Control and Cold groups at 1 % level.
Significant difference between Control and Warm groups at 1 % level.

(B) Difference between different temperature groups which were fed one

and the some kind of diet

Diet Cold-Control Control-Warm Cold~Warm
Standard 0.26 ml/g/h 0.41 0.67*
Carbohydrate 0.36 0.34 0.67*
Protein —0.03 0.39% 0.36
Fat 0.50% 0.13 0.63%

* Siginificant at 1 % level.
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TR « NG « Fridr e 3R

K EEHON TR
EROZEERD TR L ERE
CERBOELEEZDH B D
DHE L, ZoEIEHE, &
g, FEAKICFAK TR
BEARHOLERENRIL . L
2 UERE C B OZEILB Y

BREARENRLEND D,
POREENICOEE TH 5.
—HIRIRE L FRE Y T 5
ERERERED B b ED D D A
FICERTLD 5.

U EoOEL VLN LS
Vﬁ%@ﬁ%ﬂiotﬁéﬁy

CHRELEEE, v N0&
%%H%*@ O, WHRICET DR
ERXE TR O, HEREEK
ELEHEEHRTFIZREIVE
BoEEhTH 5. AEOFENC
SCTHBC TV S EEE
BRI 2 R LA
DEHTH 5.

B. Adrenaline 75 & (NC va-
sopressin 5.0 O, HEEICE
TiET e

1. Adrenaline $¢5.35

PO LD LEEIChz-» T
SBEREITR o TB VT v
MiZ adrenaline % 20 pg/100 g
B. W. ofl&icHEL, O, 1§

BENYOBRECERT A0 E
B Lz, ZoBAOXRER

iZix adrenaline %Y IcEE

DAY & A5 Lz, %7 adrenaline $
BEROFNICZEDT v @ O, WEEEZHIE
L, TOWELARERD O, HEEDO L~
NMIFEELVWEERZ LD TH 5 adrenaline

BB L.

M3 BB S €7 T » MCoWTH
7% -7 adrenaline #{EEBROREE L.
RO HEITFBEE O X X I ORIEME & R

O, consumption

0, consumption

e EH—F v FOREELIC B XIETABOFECET 5T
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migy,  Stondora diet . TR ‘fot giet
40 1 adrenaline 40 -7
20ug/1 PAT
1s L( g/100g. BW) T s 1 v !.‘i H I .1?
43 it TN, 4.
0} it AN il
U H 4
5+ 7T 1{ H
2 ".4'--..
201 1!
T 1 1 1 1
<10 0O 20 40 60 -0 0O 20 40 60
40 - corbohydrote diet a0 - protein diet T
T T4 T
sl cs LAl AN
7;,¢ ,,-wf- FOUL S SNE, It
301 T*mexﬁﬂ o AT 'i*?il iy
. r H e r';.‘ 1 i
zsklr’}n_l f 2517
0 20}
T 1 1 1 1 ] 1 1 1 1 i
-0 0 20 40 60 -0 0 20 40 60
time in min, time in min.
Fig. 3. Effect of adrenaline injection on the oxygen consump-

tion of rats (Standard temperature group).

O, consumption

02 consumption

Fig.

tion of rats (Cold acclimated group).

standord diet

( . T ’J T
as| EH N * £ S D
ofr] Sl L
30 =T
LA
25) asHi
20} 0"
T ' 1 i - T 1 1 1 —
-0 0 20 40 60 -0 0 20 40 60
time in min. time in min,
4. Effect of adrenaline injection on the oxygen consump-

BIEEHLTRDE DD TH T, ZOENT
NORMEBEOEBHIIERFEL LTRLTS
5. MXVBS»R LY IC adrenaline Z#H5
T5LTHhOBEHIBVWTY O, HEEIX

EHICER L, ToBEmRT v b 40%5]

BERLTVS, Sbik{blL < H %L, &
HEABIEEAR L T O, BEEO LA
adrenaline #§7%#% %12 FH L THB0SEITH
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S>TEORBEICGEL TS, EREHARE
FOEBHERE D adrenaline (Txbd 5 UK
HPTHY, BOMORER O € hickLT
O, R ED FREFSCEVEIN D 5. Ad
renaline 5.0 O, JWERIC ¥ X & HER &
DR OB T 3 2t o TRAEL T
e, L e LM LikgiE 7 oxsE
ERHEL T2 ERRI VLTS .

WIIEREBLEE (BRE LD 5LT o) itk
LA adrenaline test %177 o7z %
K4 R LIe. ZOERICHACE 7 v b kX
2R LARBILEE L 3B o 5 v METH
%. Adrenaline {¥5IC & » T O, IHEEN LH
T 52 LR EROFREORALEETH D
2, ZTORBHEOVSLVTERBEOFLLIY D
BV LBEBETH S, OEVEAIEL L
F v F Tt adrenaline (CHURIC 75 b fAEHHLRE
JiElc adrenaline BREE-L TV 32 & HEH
o5,

RBINOHS LKA OREL VLR LY
Iz adrenaline OZFHRITIEHE>EBEHERE>E
ERBIUHEERDIEICHL & 5bh 2
L. = LIRESLS v ~olE&R
3T adrenaline 3 O, HEEOBEM% 5 <
R 2w TEKRED NEFA ofifgEd o~
BEICHSbLLDRBZ LitT 5.

PLEo adrenaline #%5EBROMEE £ L

Table 4.
kinds of diet

REDOHE Cﬁéﬁ‘élﬁﬁt

TOWNF AL THB. Ficit adrenaline FH.H]
DORIRME L BEBOE (FnENBIEREE
T o UROEOFHE) &RL, 7 RvT Y
VEBICL 5T O, HERENHREL YL EN
ML £ 7 OEMBIZT ENIE ST 3
PELFRRLL. ZZIWRLL LS ICERET
X7 0 O, & OHINREMh bA40% o EF.
ERLTY S, —FHERRIUEH TR O, HEE
DHHEEELHER ORIV $EL, &6
iz O, WE ORI VFHLOREICBYTY
FREL Y OEEYRL, 51~63%0 LA 2m5
LTVv5., E6ITAEICZYX - T adrenaline #
Ll X 2 BBI Tt hWBENARER RS T RE
BEERORVECEETH - 2.

45 adrenaline #5264 5 REHTUE
ORI ERBEEE X D LIRS bR E B I
Bl B2 o R BB AR B v CREICER
PRBERAZRS Y, —FHEEARRILORLIR
FHEE D o 7.

2. Vasopressin #5225

FREHIE 5 13 vasopressin HEIZ L - TT
v rD O, BEROBTTH2 B ik
vasopressin 12 X » THRRF ORI BB E 1 B
T ThHD LHRL T B.

ZZTCEHRLEAEREHOT v M (3EMBL
EERFROBEBERIVACELLTHS) 12
vasopressin #3#5 LU TZ 0 O, IHEEOKT A

Effect of adrenaline injection on the oxygen consumption of rats fed with various

Mean O, consumption

No.of  Body (O, ml/g. B. W./hour) AC

Diet L roétso weight — AC C

(® Control (C)  fstrengline %

. (Standard 10 208+ 48 22040213 3.114-0.354 0.91% (41)

e 3 )Fat 7 284+ 9.2 2.29+-0.352 3.20:£0.597 0.91%  (40)
& & § | Carbohydrate 10 2504118  2.114-0.180 3.0740.340 0.96% (46)
O & & | Protein 5 2604-10.9  2.33+0.187 3.27+0.537 0.94%% (40)
&  (Standard 5 2354 8.7  2.65+0.113 41040411 145% (51)

S |Fat 5 252--11.1  2.57+0.098 4.11-+0.347 1.54% (60)
3.% ., | Carbohydrate 5 2554126  2.20+-0.113 3.454-0.458 1.25% (57)
§ 2.2 |Protein 5 220--29.1 2380063 3890366 151% (63)

* Significant at 1 % level. **Significant at 5 % level.
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REILI->TRLZPEPERE L. &bzl
i ADH v_AoEwE b3 ERELS
v b ZDVSLORWCRIERET » b & T
exogenous |[Zf¢H. & 7~ vasopressin (233 B
O, WEEDKTORR &K L.

5121 vasopressin HiEHET v NI
LT (40mU/100g B. W.) O, {§BHEZHIE L
FRREE T e, oA FE o adrenaline
BEEROBE LARRICH—7 v Mc2ovTh
b2 Ut RER (REAEER) 21Tho Tk
CHERZHOZ 2 TH 5. 72K 48
7y NORBEOEHETH BN, FOBER
FEERROMIC TR L. @ 2102 ORERAH
B VSR L b0 BEERE AL, 21
BEOULERD - THO THEERH S L
5. ZORI YL LS O, WEImH
TERIEHI B TL- b EHChH bbb,
Ld Lo BRIEFET b ETFIRARE S 5 p335

injection of vasopressin

25 or saline solution control
o T ~ vasopressin
protein diet (10) (40mLi/1I00g.8W)
20k - s.D.
oot o T Sl S \“*.[
1.5+ — | ' SR P s
25+
= 20r
b=
(o]
=
>~
= 5}
@
. 30r
hd
13
;o
a
5 20
&
(%]
ON 1.5k ! i 1 |
25 |
20
1.5
T 1 ] il 1] L 1 ]
0] 10 20 30 40 50 60
time in min,
Fig. 5. Effect of lysin—vasopressin on the oxygen

consumption of rats (Standard temperature group).
(Number in parenthese represents the number of
rats in respective group).

Tk v,

BRI L VMR X S5 IC vasopressin 5.
Y4121t adrenaline THOPALIITRY, W
WETID B, FEERED TEvZ Lok
H Uz,

FIARIRBIMEEEIC >V T LR L A0 =B %
T THBE, 6ITRT IS5z DBEK
Lo VIR R B IC BV TERLE O, HEOIE
THEZ 2. ZofloRBH TEIBEERORA
%D O, WEMET T aHAERTICT &
V.

Lz AREERED S » T % vasopressin
D O, WEOMBIFIR NS E B LD b H ik b
Slc. FOBEEET TIERED 1L - TH®M
oM L5 ICERPET v FiNEED
ADH v _AREL T3, LizhsTZ
Tz ~H5.2 7z ADH (vasopressin) 23-/EF L7572 -
ety HBZVIEZOBOT v FTIRT TiC O,

35
[ injection of
or

in diet (5
| Saine protein diet { )‘

30

control
fot diet (5)

0, consumption : m1/100g. BW./ hour

I
}-
o] 10 20 30 40 50 60
time in min.
Fig. 6. Effect of vasopressin on the oxygen

consumption of rats (Cold acclimated group).
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WEERTDSCETLTYS © 2 hB ki
O, WEENMET T8RP vELEL b 1
5.
FZTIO2O00RBEOMAUBEL V2 E
BT B lcREMED ADH v_vé AT
IR TS TR VT » &, vasopressin O
BEEB LT - Chie. T bbb LNEE
CADH LU a3 e IR A 78 28 o T2
THIETRERE SR LT ADH VRV 2 KT
XETBWTH D vasoperssin # EEH T Z
DYERH LD NIETHD. £ TTDI

S0
£ control {2)
~
S
? range
Sist } ?
S % T [
= N ¢ LA yasopressin
S ’.“‘;'— i/t 4 1 injected(2)
2 ST 47 (40muioogBw)
2 10|
g, . L b —

0 20 40 60

time in min,

Fig. 7.  Effect of vasopressin on the oxygen

consumption of hypophysectomized rats (Warm
acclimated, standard diet group).

401

\

*

o
w
T

Mo
\xq\

ol
(o]
T

N
(9]
T

0, consumption {ml/g.BW,/hour )
n
o

1.5+ ;

4
~5_f vasopressin injected (40mU/I00g BW.)
o} 20 40 60
time in min,

Fig. 8. Effect of vasopressin on the oxygen
consumption of hypophysectomized rats (Warm
acclimated, fat diet group).

EERIC Y > THMTFEEZAIHLZS v M 2SS
BHEL, chiz bRkl T4fEoRE
CHEEL, 3BEBULBEIMEETR 7. 2
DX HiC L TRHTEEEZHH LIZT v MEIC

vasopressin ¥ EEBR # 1T - Iz,

ZOREEORM LBEARH TIARLED
DR, BT IERD LD ICEEARETI
vasopressin @ O, HEMHBENIETH bbh
T3, —HIEHARICE TR 8 e # 5 X
51z vasopressin #H OB NREHICB LD
TWv5b. 787 ¢ vasopressin DORhHE D EGME
Wiz b o7z X 5 iz adrenaline L i3E o T
Bz LRI LRENT S,

ZOXHICTOTEREGR LT » P TIR
NEE: > vasopressin OFWBE T LTV 57
WicH s b L U7z vasopressin 2 X {{EFA L
< O, WEAIHIERARERH LD bbhicDTh
%. L»b vasopressin OfEfZIEN&OEHE
CEFICH LN TV EDTH-T, TOI &
BRI ER ISV T b IEOBR T
b5 '

EBEB BV THEETAEZ LT 0ER
CREEPEM2H (K8 IBEIVT) T
H B DREBIFAREERDILELDLS S
B, FRIZLTH 241 % = OXRERD O,
WHREOLV-IWVRED THEERLTYS. T
b bOBEEICE VT b E M FEERZ H
HLavERELECBTLED O, HEE
DO vVt 1.7~2.2ml/g./h. OFFE TH B ITh»
b bF, TEEE KL CEHRE TEIRICE
L&¥F v FEBV Tk 27~35ml/g./h. §
OEEERTOTH S, = OEIKENLEED
EH¥T v FORBNAHEI Y VBV, Z0HE
TR OBEIILT v F o O, HEE
OIRCERIE % o ADH SR E iz icz o
PNE Mo vasopressin 23 ETERIK & 7 - THEN
REZIHEILT O, HREFBS 2Tk b
FRT B, Lo CTEEHEICI>TZ O
NI A3 75 < 72 - Te e DI RE v~ vt R
ALizoTEkvr b meoh 3.

PEomE L V>R X 5 KRNEMD vaso-
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pressin @ L L DK GIEAIE SEE L7z vaso-
pressin ORBEHICH SN B DTH 5.

% 5919 i L hid vasopressin o O, 1%
PR IR REHREER C L 2 b0 Th -
T, Z OEFREHHEIER &R 72550
PTRVAMEE FFA v~ % FiF 2 B
Td 5. D2 ITEEHAEIZI T vasopressin
TER» R CETEEHRICE VIR EE LT
BE L L THYS N2 b DIZ vasopressin H384
e Tx OMBIAEEICHA L0 TH B S
LHREOLNDG. Eerh oz 0EBREE
1% vasopressin AEIRBMCEERICR & VW RE %
BLTVWAELTRRTILOTH S,

BRI LR vasopressin DR & LTk
o ADH {ERIZ X 2 IR/ Sy VE e 23 5 A4
WL X TIREE bR, =R EEROE
BIRT 23k T Ex = BHRERILIc & -
FThoTHbRLEY L LT ADH 0%
B LA MR EC R B,

C. JENHER »HRERRIRIC >\ T

LR oI X VIREBULLEmERL I L
THEORSPEEAREL L OFERHL M IC
5o fc. FI-UTHE Smith Hfg 520 1325248k
B U Tk B alglhssk (brown adipose tissue ;
BAT) 28+ % = iz X - CRIBAS #1770
SHEEIEH LTV 3. 2z THEHF LI BAT 1L
S OEEO A EIRIEE S %70 ORE R
BbicEE 52 Lk v 8 Ex, B0
BRI > v T & oWEREE (non-
esterified fatty acid; NEFA) # '€ L 7z. NEFA
B & BERAIAH O index & Uiz o i3 SR &

Table 5.
cold acclimated rats (#M/1/g tissue/hr)

Warm

825

—E » medium {2 incubate L T % ¢ medium
gt 5 NEFA B2 R1E 3 v BRI AGE
DR OFENHEER X D OWEEERRIHER O TR 1
EDEHICH TR N2 REHETE I,
Thd.

FOWWREZCHL LTy b VY
LRSS o 13 6 Bk E 37°C < 4 R
incubate (FEEnETHER Liz) LB HE D
medium F1i25EEH L7z NEFA %R L. &
BT Of incubate EEOMEE TR & L,
incubate 4 FEIEOME L HHRE L DE S net @
NEFA fE& LTRIZFELT H 5. AOHFZD
SV 77l incubate 720 NWEEME X Y LK
TLIEEERLTYS.

F L YA XS hETERBILOEA T
EHERD L ORI R ICR T NEFA 825 |
FLTOS0, FERACEHRHTIRELAL
PhBRND B VIREPET LT3, —F
EEBVERE T IR R TEH L BELT L,
WEABTLMA Do NEFA B4z s L oA
DTG R RR L FEE R & TIERESED
FHRERYMEE L 0 RN EROEEE R
LTv3 (R5) L LEERHLEARL
T3 incubate fE &HFRME & DRICZEY 2 <,
HAoREBIbE & SRR & oRIcEE B b
DLV,

RIZFR 6 ([CiL BNk % incubate 4% me-
duim iz 0.1 pg/ml »%E[&Iz adrenaline % ¥
mL, Zois NEFA ERYo k5 i85k
BT RE LI RE E i e,

REIVHEPE LY I, BTEHEECZSVT

Non-esterified fatty acid production from epididymal adipose tissue of warm and

Cold

Diet Differeryxce
Mean+S. D N Mean+S. D N (Cold —Warm)
Standard 20.0~38.4 2 5.0+ 35 4
Fat 123+ 26 5 45.8+16.0 7 33.5%
Carbohydrate —7.3+15.1 4 22.3+10.0 5 29.6%
Protein —14.6~135 2 —0.7+ 7.5 5

* Significant at 1 % level.
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BB &, B %}I]{bﬁi“ﬂi adrenaline FRMNT &
- T NEFA oEARKHICHEER ¥+
5. Lo URIEBIMEEE © 13 XM (adrenaline
FEIRINEE) B RS EME 2R L, adrenaline %0
L% NEFA i R L. 2hidds <
IRIRBIMEEE G AER O 3 c oo i (g
LT B dicz il ERBITTHET 5 it
BWiedTH55. Lich- CRIESI#ECE
v T BRI E AR adrenaline {2k - T
FFA v R ER LY, O, BHEED LR
PdT ol LT BAT K@ Tod -
T, BEEEIESCR LT RRY 2B Lic
BRI ARG N 31 I (L e e S e/ WA N /AR ES
V. RRERIEECR L kBRI
WTETERARD MR 5D, ZORRE
IEEIMEO S A & B OBER Bz b0 LE
ZHivs.

RICHEER DBAICSOVTAS L, EiRPHUL
#<1x NEFA BRI & 054 & 1L adre-
naline JFEINC X » TR LAKRTFL TS, —F
e BB I FRIEIX R { LA adrenaline
- Bz NEFA ERETRERTFLYTCS (o
BV TREROETHLES)

- PLEoFED oL Y AL X5 ITARIEEN
LB LTI O N EE I RRZEH T
VAEEHEPTH S, GEL adrenaline 3z @

B4 FFA oz @arzy. £2FK6 LY
B x5 oEi |Hb7 v b ORERARERES in
vitro DEERIZ BT adrenaline iz & { K& L

T NEFA oA+ ETEE cET 2
V. % =

Ul ESEDMGICET 5 2ok O, 1R ES X
Ot vasopressin ® JREFETIIHIER 72 b O I
adrenaline OFHHTFLHESIRITH LT, BEEOHM
B BERY bOrET v PEFACTR
Lz, o TRETEALORBEERE L
FCEoRBEIcoOVTEREML TR,

SRS E LD THD LRO LRI T
»5.

L AR S RO ERC
kvr%7/b®ﬁ%ﬁﬁmmﬁ< WIIRIR
BBz X » TR oTLER R LD B E. 2D
B TUHE O ST IR BB R b BURTH 5.

2. Vasopressin #5535 & O, EE T
BlEh a2, *oOREEIER (20£3°C) B
CMEIRICENE (1 ~5C) LRz CBRICHE
HEHICERATH 5.

3, = o vasopressin O EFEIEEILEET
RSP o, ZOBACTOMTEEKE
WHLTBL &, BAR CRERL O, HE
MEWEH 2T 22 283 TES. ABEER
HCRETORERD -2, THEFHTIE
2, ERWEECERERER L LICETOR
B3 H 50, TEEEHH LSO LERE
DI,

4. Adrenaline 5 0@RIc >V TiEvTh
OBEEC oW T adrenaline FEIZ X - T

Table 6. Effect of adrenaline on NEFA production from epididymal adipose tissue

(¢M/1/g tissue/hr)

‘Warm Cold
Diet
Mean+S. D N Mean+S. D N
Adrenaline 51.44- 9.0 4 36.0+13.8 5
Fat None 12.34+ 2.6 5 45.84-16.0 7
Difference 39.1% —9.8
Adrenaline —28.7+114 5 209+ 7.7 3
Carbohydrate None —7.3+15.1 4 22.3+10.0 5
Difference —21.4 —14

¥ Significant difference at 1 % level.
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RETUER B L 0. = OHTFIEIKIESIL
HILBVC TERIBIFREHICB Y Th - L DIHE
ThHY, BEBIBVCTLEHAEROGEN R
EHTH o7

5. JENGHARE (RIZHLo D GIRER ofR%
&5 72 %I in vitro [T BV THETHERE E —
£ medium HC incubate L T% iz iEH
+% NEFA fEZ28E LR O X 5 hffEr
7z.

b b NEFA fEi—&IcREILEE 05
PRIEIEE L D bEEERL, FTLIEA
BHREEEEZTL, ThiZo S oRPBEERRTT
5. —FEBEILEE T 3 EEAR D NEFA
EXHBEEEZRL, BHERRZ IS
B, TR CIBHREMEEL TR kv
72\

WICHE % incubate 2% medium |z
adrenaline ZI{RIML CTH 5 &, (KBEELE G
NEFA ERT 4B DO TEOHRETED b ik
Vo ZhIEKRL, BREEEOEHRRICBE W
Tk NEFA ERZERIC FR+2. Ui L
S ARGt adrenaline JIN% T L ANEFA
BRI Lz,

PENERBEOKETH B, Zhbico
WTBEEMZ THZ.

ST v FEERHILE BRI 0K
OB LAV RFBET 2 FERITEAKIC
B 5 EEAHHPLHICE C EHE L5
BELI—H LTS, LR TAEDORE
BAH P KIROEBLS I ft, &, £iF%k
B Ltk THEHT S L vbh s, i
IERELIER~OBEEVNRLEETH Y,
T OMORFIEZ OKRIRETFICTH L THERBA
HOVSNVEETFELATHLDEEZBNB.
S TZ OER £ -3 BIRICEHE L7546 0k
DI ESEIOERORE L VEL TRS LR
TFZE DR IT A b ARIEBI LI BE ARG A
TTHETHEEZR LTV 5. ThbbiiEo
O, BB LA’EHARTE - &, HEHK
5k L Y » NEFA o#EEOZE L H» 5 7z =
&, adrenaline (£43% @ nor-adrenaline

7y FOKEINLC S LIETAEOZECHT HWE 827

fEH) IKkoT O, WERENTLETSZ L, L
2% = @ noradrenaline &I ERG1SEHIZ 1%
BCZ RS HOEHTH B Z L (Moore?)) &
b Z 0FEZ 23T 5. RICERIIEIC
B U CRRBR A R 2 Lo TIARRB
HOBTRZOBERD—D>TH D FRENTH
55, tThbbEaENMA: Y o FFA o
B —HRICIE T LTV 5 2 &, RERHAE & )
5% Lvbh 3 vasopressin {EFAFIC TV T
TEMEE LD ERBO LRAEETZ L, Th
{z vasopressin ¥ 5.z % LfAH0E S L KT
TEHEETHB.

0 X5 ICAERRICHTIE vasopressin 23
BEIRBEIZ S LTV T B EARBE bz
5, 2R o REEIL IS L CRRIA R T
L—RE->Twa b0 LBbhs. TabLIE
B » bEC3 LTk L7z vasopressin
P& VER U CREBHMBIZIR B T 5 2 Fi
ZoRRME ADH v~ dMEvzo L Bbh,
Z OISR TIE L T 2305 s
bihvs., PLEiCoxTc X HIics « B L
TRE VAV BREET2ERE & LTREREEL D
B E T v BRIR AL ' OEREMT
vasopressine YKz D % adrenaline 7z & H3E5
54 3EERZOPTRICITD .

7B Mirsky? ic thid Rz Hve T2 i
vasopressin <> oxytocin ZEE+ 5 &R0 i
i oilEHEREEE (FFA) o v~V 3MET T 5%
EHELTCS. Ll FFA o v oikc
RS EfEm s TIBRTH - T, #FD
R LT3 X 51T oxytocin {HEHIC X - T
o FFA BT+ 52 O, WERERRD L
RVEERDS bMP FFA v Vo T2ED
CHEBRE 0K T 2EE T2 b0 TR .

Adrenaline #5112 X 3 RFITTEER Iz
TGRSR TR Y, #7227 I 0fEH
REHz B JFEFER & LB o migli &
R L Cohx NEFA ofzic L (Fredrickson
and Gordon Jr.2), & 5iz% o NEFA oE{l
FLIEET 5 2 vbh T 5 (Hannon et al.2h
B X U Thompson et al.2®),

{
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AR TRERNCBTE2 727100
S U CRRRE o v SR B/ L, —
FFTleoRz k5 Ic&ABicik vasopressin @
REHMEZEAEET + 5 7o i fRE v~ s b
ATzbolELONhD. Fl adrenaline ¥

Hi#EEwFhof ki 7 v McbEH LT
0 O, HEER LA ¥ 3 MERRIHLERICE
WT O, HEITHEOZRPKE V. ZOFER
IEEEI LB D S5 adrenaline (23 U CRBEME:
BELTVE b0 EEZLNE (Joy®)

SHICEBHIMLE 2 BE L TH 3 &,
adrenaline o R FUHEZI R ENA AR IC BURIC
HbobNTwab. Z0gA»5 % adrenaline @
O, 4% LA IIHRIAE SMEE S h 7oRER
tHEmE LoD,

Pl ko X 575 adrenaline DRHITLENRE
“in vitro CRBI Lz DOMREDL LR OFETDH
5. Z OERTEBIRLOBEEHERICST
é%%ﬁ%@ﬁ%%bmﬁ%ﬁ&m@xkbf
HE LD Th 5. TibbIRREMEET
HiE# o medium 1o NEFA fER LR+ 52
LEBRLLUTRAENATZDOTH S,

Bk o X 5 ISR & —E © medium H1°T
incubate 4% & medium > NEFA {EIX#iR
LB CIERERR N b - L bE <, ERR
SRz <.

— BB T R RS T &
RL, FEEENZhICOL.

Ykiz incubation medium FRiz adrenaline %
AL CTHEEN TR DN & Rk I RE O
REPEZPEPERELTHS L, ZhET
IR LISH AR TR EHEH Lo i NEFA
o EH R AL b, FERPULEETIE adre-
naline OFRII L A LDONEP T, 2O
FREIPHALRE D 55, KEIHLEE TS
Tle a5 as I v EORGIEFRE Ty
T% @ ki adrenaline % jJ_l],%_ THFDONRMN
bobhT, —HERBMLE T EEHAH O v

~HUBMEV & = A~ adrenaline HME Liciz

»icZEW 7 NEFA o bR PR b 0 L%
ZbhB. WTFRIELTHERAT A L i

adrenaline k.12 X 2 B TTERIRIT - A E
BT [ SRR B BRI B & T 5
o Tix7 ¢, Le Blanc et al2D osRme+ 5 &
9 iC nor-adrenaline 78 BAT (#JBNH1EMR)
B EREOASVERIESLDTH 5.
Bl AR A GIEIF T B 5 2 b, 0
NEFA o L g0 LR EZEFICL + O
S Bz EREEETHAS Y. RBEEROEES
ik EZ CFR BRI 8\ T % adrenaline
W& - T NEFA ogEp#flsh s, &
TUITREE 2~ b BEN;~ D25 (lipogenesis) 73 %%
LTvsbnrE 2 bh 5. +ibb Haus
berger  Milstein® iz X 1uiF, = o lipogenesis
BREEHERELTZHEE LD LT70%05E L 1
% DRI % & A TEERBICIRE LB & 0 h38E
FKiATnbh 5 & v 5. —HEE#E in-
cubate + %[z glucose #EEM LTI & J5HG
Mg S S5 lipase OIFMEY RFHT3
L#EE TS (Rizak?, Hollenberg®®).

PLEmE X VL PR & 5 WEEEE BT
7o T&7 in vitro OWFZE & SR 75 &
LoMEIE SV TIREBICSh LB M
BUERD 5.

LB 5 i B 2 BRI L Tk
adrenaline % vasopressin 71 & @ N4 WMER 7%
BEEARREHEET S LT, BREOERKES
e BT 5BEHPE L25THB. FLT
LORBEOEOKERTRET 5 b 3R
HHOBBRKEIM LRI RE 2 ZE 2 2 FIC L
VRBICHBELES.

- V. # ]

KEFCICE T 2 iR fUB B & O vaso-
pressin ORFIFIER 75 5 T adrenaline &
RBTTERRIH U TREEOME D 272 55
EBrBILETIPERIL, KOXS BHEEHE
7z.

1. BEBE B0+1C) 7 v MiZvTFho&
HRCBCT LERRED O, HEERKS, &
ICARIREINEE (1~5C) TRARFO LVAVBE
<, HIDnEEHEHNH LD LN ZORE
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2. Vasopressin %53 % &, oI
IR RIESMEE E R L KB TuwFh
LR REICEH T - 7.

3. Z o vasopressin OFRITEREIILE T
ERD LNV, ZORAICTO TEREERE
Hi LT vasopressin D4 EHIHI L TH L &,
TR C B\ TERE O, HE OWIHIRIEN
Hlobilc. T OFETEHEILH TR T
Wi o vasopressin L ULRE L, FOH
(2R B EE Lz vasopressin OZIRRH B
BRSO ERT Wl X (EfgTE
5. EleZ ORATERELZ v b OZHRR
FEIE V& X BEIMEEcmE o vaso-
pressin 23\ 2 & BRERIEEORS L
NVOBETFI—EOREIERL TVEZ L ERR
5.

4, Adrenaline #5.1z X 5 B TTHEO BB
RIRBMEEOFRHOKEH LI VEH Td -
7o BRICEEHERIIISPBETS - .

5. HElEIEMoRE s msewicihg
—E» medium H¢ incubate L, % Z iZiEH
4% NEFA fE#HIE L7z, % ofisE NEFA &
FE—RCARIRE LR O B A ERIMEE L Y bF
BExRL, FTbEHRE REELR L.

6. X & ICElEM: % incubate 3 % medium
i adrenaline ZIRIMLTHDB &, in vivo DE
BRAE L1l E B i L miREMLo IR R IC
NEFA o L& % # % 72, KRBHLE <
NEFA {E»5t4 &<, adrenaline FRAIDZHE
BHLEDBP ST, T OBEEIERNICRT S
adrenaline D FEITLEMERICE L Cix B &
DA o B E T 52 LErdT.

7. UEOSEL VALAE LT v F O
KFEBILICEE L Tid vasopressin o R HHIZD
B 1 adrenaline AHTIHE & IZEICHERRIC
B hovFhob IR O RE & Iz v Lid(g
HTBZLiE-TEOFHREHL L L T
%. = klz vasopressin IEEEMLICEELTE

DREHRE 2 ETE Lt 5 Sic LT iz 128]
FELTVAENTFEYEONEZ LEFART
H5.
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RLET.
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Fatty acid composition of human subcutaneous fat in the winter

Shinji Itoh, Kiyoshi Moriya and Hachiro Shirato

Department of Physiology, Hokkaido University School of Medicine, Sapporo

Fatty acid composition of human depot fat
has been studied by several investigators, in
regard to race, sex, age and diet. Insull and
Bartsch?) and Lee et al.2) reported that Negroes
had significantly more stearic and palmitic acids
and less palmitoleic acid than Caucasians had.
Comparing the fatty acid composition of depot
fat in White, Cape Coloured, and Bantu, Krut
and Bronte-Stewart®) noted that myristic acid
showed a progressive fall from White through
Cape Coloured to Bantu, and that linoleic acid
was significantly higher in the Cape Coloured
than in the other groups. Although Hirsch et
al.®) stated that difference in the fatty acid
composition of superficial and deep adipose
tissues seemed negligible, McLaren et al.%
found that leg fat of Africans contained higher
amount of palmitoleic acid and lower amount
of stearic acid in comparison with the values
for abdominal wall fat. In Africans total satu-
rated fatty acids were 41.6 percent for abdo-
minal wall fat, while 37.3 percent for leg fat.
Moreover, not only in African but also in Asian
and European in East Africa, palmitic acid was
considerably higher than the values from the
temperate areas. These facts suggest tempera-
ture dependence of the fatty acid composition
of human adipose tissue.

As to the fatty acid composition of human
adipose tissue in relation to cold adaptation, no
report has yet appeared. Since in human,
particularly in females, legs are often exposed
to low ambient temperatures during the winter.
Tt is therefore of interest to analyze the fatty
acid composition in subcutaneous fat, with par-
ticular reference to regional difference in satu-
ration of fat.

Subcutaneous fat tissues were obtained in
winter at the Asahikawa Railroad Hospital on
occasions of surgical operations from patients
not suffering from metabolic diseases. Nine
DR s e B B0 dbil KRS
(Received for publication April 8, 1968)

samples were fat tissues from legs and hands
of the females in the year range of 15 to 48,
and another 11 samples from abdominal and
chest wall of both sexes.

About 100 mg of the fat was extracted with
chloroform-methanol (2 : 1), glycerides were
saponificated with 0.3 N KOH in methanol,
and fatty acids converted to their methyl ester
derivatives by treatment with 295 sulfuric acid
in methanol. Parkin-Elmer gas chromatographic
instrument (Model 811) was used for the anal.
ysis of fatty acid methyl ester mixture. Separa-
tion of the methyl esters was achieved on a
12-feet glass column packed with diethylen
glycol succinate polyester in Diabase A and
operated at 180°C, using nitrogen as the carrier
gas at a flow rate of 30 ml per min. For
recording Speedomax G was used.

As summarized in Table 1, principal fatty
acid of the fat was oleic acid, followed by
palmitic and linoleic acids, and then palmitoleic,
stearic and muyristic acids. In comparison with
values from CaucasiansD23)H5)6)78)9)  the com-
position of abdominal and chest wall fat indi-
cated less amount of oleic acid and higher am-
ount of linoleic acid. Such racial differences in
fatty acid patterns were also noted by Goto
and Nakamural® who found 12.5%, of linoleic
acid in the abdominal wall fat of the Japanese
in Tokyo area.

The most striking finding in our present
study was a marked regional difference in the
composition of subcutaneous fat between extre-
mities and trunk. Saturated palmitic, stearic
and myristic acids were significantly less, while
unsaturated palmitoleic acid was markedly
higher in percentage in the fat of extremities.
Total percentages of saturated fatty acids were
20.840.91 for the fat of extremities and 33.3
+1.20 for that of trunk. Small percentage of
saturated fatty acids would make adipose tissue
softer in the extremities which are often
exposed to cold in the winter than in the ab-
dominal or chest wall which are always covered
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Table 1.

Fatty acid composition of human subcutaneous fat
Fatty acid Proportion, %

Common name Short hand symbol Extremities (9) Trunk (11) t-Test
Lauric 12:0 0.5+0.19 :
Myristic 14:0 1.7+0.12 3.6+0.24 P<0.001
Myristoleic 14:1 1.24+0.11 0.4-+0.14 P<0.001
Palmitic 16:0 17.4+0.71 23.8+£0.88 P<0.001
Palmitoleic 16:1 15.9+1.08 6.4--0.33 'P<0.001
Stearic 18:0 1.6+0.32 5.3+047 P<0.001
Oleic 18:1 44.1+0.93 41.9+1.01 NS
Linoleic . 18:2 15.1+0.69 15.9-1.06 NS
Linolenic. 18:3 2.7+0.22 2.540.39 NS

20 (?) 0.1+0.13 0.3+0.18 NS
Total saturated : 20.8:+-0.91 33.3+£1.20 P<0.001

Values expressed as mean+standard error. NS : not significant.

with clothes. The finding is obviously regarded
as an adaptative phenomenon of human adipose
tissue to the cold.

This study was supported by a grant from the
Japan Society for the Promotion of Science (M-8).
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Ouabain-insensitive active transport of amino
acid into rat pituitary gland

Tadao Kakega&a and Kiyoshi Yamamoto

Department of Physiology, Institute of Endocrinology, Gunma University,

Maebashi, Japan

It was recently demonstrated in our labora-
tory that thyroxine (T,) injected in wvivo de-
presses uptake of a-aminoisobutyric acid (AIB)
into rat pituitary gland in vifro23. On the
other hand, T, injected iz vivo or added in
vitro was found to depress strongly (Na*+K*)
activated ATPase or so-called transport ATP-
ase (tATPase) of the pituitary®. This apparent
parallelism was interesting and led us to inves-
tigate whether the active transport of AIB
is tATPase-depedent or not, since, if this be
the case, it is most likely that the inhibitory
action of T, on AIB transport into the pituitary
is caused by depressing the tATPase. In this
experiment, ouabain, which is known to be a
specific inhibitor of pituitary tATPase®, was
used and its influence on the transport of AIB
was determined.

Methods : Rats of Wistar strain with body
weight ranging from 150 to 200g were used.
After decapitation, the pituitary gland was
excised and incubated with AIB or alanine
labeled with C. The method used for deter-
mining AIB uptake was the same as described
before?), and the rate of AIB uptake was
expressed in terms of distribution ratioD. Alan-
ine incorporation into the anterior pituitary was
measured after the method of Wool et al.D®®.

Results : Table 1 shows that ouabain added
at a concentration of 107*M did not influence
the rate of AIB uptake. With or without the
addition of ouabain, the same value of distribu-
tion ratio of around 2.0 was obtained, the
value over 1.0 showing the active transport of
this amino acid into the pituitary.

Fig. 1 shows that alanine incorporation into
proteins of the anterior pituitary was not de-
pressed at all by the addition of ouabain at
concentrations of 107% and 107*M. The concentra-

IR TR AN IR A
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tion of 1074M is the concentration of ouabain
which completely inhibits tATPase activity of
the anterior pituitary®.

Discussion : Concerning the nature of active
transport of amino acids into cells, there have
been proposed several mechanisms?. In many
mammalian tissues such as the kidney®, brain
9, sympathetic ganglion!®, diaphragm!D), skeletal
muscle!® or intestinel®, however, tATPase
appears to play more or less important role,
since amino acid transport in these tissues is

“ouabain-sensitive, energy-dependent or (Na*-+-

K*)-activated. In contrast, in the pituitary
gland, tATPase does not appear to play any
role in active transport of AIB, since the pres-
ent work made clear that AIB uptake is
entirely insensitive to ouabain.

The present result that ouabain exerted no
effect on AIB uptake by the pituitary was
unexpected but interesting. In our previous
studiesD234), T, was demonstrated to depress
markedly both AIB uptake and tATPase acti-
vity of the pituitary, and it was then assumed
that T, exerts its inhibitory effect on amino
acid uptake by depressing tATPased). But based
on the present result, the assumption should be
corrected as follows : T, depresses active tran-
sport of AIB into the pituitary but this T,
action is produced through interferring certain
mechanism (s) other than that mediated by
tATPase.

The exact physiological significance of pitui-
tary tATPase, which is depressed by T, and
has no relation to active transport of amino
acid, is not clear at present. Since alanine in-
corporation into proteins of the anterior pitui-
tary was not influenced by ouabain, the tATP-
ase activity is of no importance in regulatng
pituitary protein synthesis. However, it should
be assumed that the enzyme may influence the
balanced distribution of Na* and K* in the
pituitary and affect certain phases of physiolo-



834

Kakegawa « Yamamoto——Quabain-insensitive amino acid transport

Table 1. Effect of ouabain on AIB uptake in rat pituitary
Piiery  aer Com per Distibution
(mg) (z) 10¢1 Tissue water 1021 Medium ratio
4.9 4.0 1755 1107 1.58
5.3 4.3 2323 1110 2.09
Control 4.0 3.3 2298 1090 2.11
5.0 4.1 2190 1117 1.96
4.3 3.5 2162 1117 1.93
Mean+SE 4.60+0.23 3.84+0.20 21434100 1109+39 1.93+0.30
' 50 41 2200 1085 2.03
Ouabai 5.4 44 2200 1069 2.06
g 5.2 4.3 1831 1079 169
5.9 4.8 2580 1062 243
58 4.8 1839 1096 1.68
Mean+SE 5.204-0.16 4.48+0.12 21304139 1079 +63 1.98+0.43
tranrport of amino acid into the pituitary.
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poration into protein of rat anterior pituitary.

gical activity of the pituitary cells. Through
this mechanism, T, may also depress certain
physiological activities of the pituitary other
than the protein synthesis!)?)9),

The present experiment showed that AIB
transport into the pituitary is not mediated by
tATPase and that T, depression of this enzyme
is not the cause of depression of AIB uptake
by thyroxine. Detailed studies are under way
to elucidate factors which are involved in active
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Configuration of action potential of the bulifrog atrium
driven at various cycle-length for extended period

Takehiko Saito and Ichiro Tanaka

Department of Physiology, Tokyo Women's Medical College, Shinjuku—ku,

Tokyo, Japan

It has been investigated that the mammalian
cardiac action potential takes a different time-
course by varying the stimulus cycle-length for
an extremely extended periodD2%). Changes in
configuration of the action potential by increa-
sing the stimulus interval to a certain extent
are as follows ; plateau phase shortens, total
duration prolongs, magnitude diminishes and
rate of rise increases in the working muscled,
and both plateau phase and total durations
prolong in Purkinje fiber?). On the other hand,
enhancement of magnitude of the frog ventri-

cular action potential with increase in the

interval was reported by Niedergerke and Or-
kand®, but changes in other parameters on the
action potential were poorly described. In this
experiment, it has been tried to make clear
the relation between configuration of the frog
atrial action potential and the stimulus cycle-
length for an extended period.

Preparation used in this experiment was a
strip of the bullfrog atrium of no spontaneous
activity. It was immersed in Ringer's solution
and was driven by repetitive current pulses at
various cycle-lengths via an externally placed
electrode. Transmembrane potentials of the
atrial fiber were led by means of intracellular
microelectrode employing suspension method®.
The potentials were recorded simultaneously
with their differentiated curves which was
swept at a faster speed. Composition of the
solution was as follows ; NaCl 112mM, KCl
2 mM, CaCl, 1 mM, NaHCO; 1.4 mM, glucose
11 mM. The experiment was carried out at
18°C.

A family of records of the action potentials

driven at various cycle-lengths and the differ--

entiated curves of their depolarization phase
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Fig. 1. A. Transmembrane action potentials of

the bullfrog atrium under repetitive stimulation at
various cycle-lengths (upper traces) and their diffe-
rentiated curves at a faster sweep (lower traces).
The action potentials show steady configuration
corresponding to the particular cycle-length indic-
ated on the bottom of each record. Each record
is superimposed with that at the cycle-length of
2 sec which is marked by arrows. Calibrations in
time for upper and lower traces are shown on
records at 2 and 30 sec respectively. A horizontal
line on record at 2 sec shows zero in the potential
level.

B. Parameters of action potential plotted
against the cycle-length. They were obtained from
the same series of experiment with that of Fig. 1
A. Scales on the left hand ordinate ; for the action
potential magnitude in mV (Q) and for the maxi-
mum rate of rise in V/sec (A) respectively. Scale
on the right hand ordinate ; for the action potential
duration in msec at the level of 10% of the ma-
gnitude measured from the resting potential level
(@). Abscissa ; the stimulus cycle-length in sec on
a logarithmic scale. ’
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are shown in Fig. 1 A. All the records were
obtained  from one and the same cell after the
action potential had reached the steady configu-
ration corresponding to the cycle-length. In
this figure, records at each test cycle-length
are shown as a superimposed print with that
at 2 sec. Some parameters on configuration of
the action potential plotted against the cycle-
length are shown in Fig. 1B. At the steady
state, there were no considerable differences
between thresholds on each cycle-length of
more than 2 sec.

As seen in the figure, the maximum rate of
rise and the magnitude became higher with
“increase in the cycle-length to a certain extent,
which seems to-be due to development of ini-
tial rapid upstroke of the action potential. As
the cycle-length increases for more than 5.sec,
increase in the rate of repolarization, decrease
in the duration and after—hyperpolarization
become prominent. At the cycle-length of less
than 2 sec, values of these parameters decrease
with the increasing threshold.

Thus, the magnitude and the rate of rise
develope with increase in the cycle-length
within a few minutes, but the .plateau phase
and total durations have maximum values at
the cycle-length of about 5 sec and decrease

Frog atrial action potential and stimulus interval

in either direction of change in the cycle-
length. Relation between configuration of the
action potential and the cycle-length in this
preparation is different from those in the
mammalian cardiac tissuesD25). Even in the
bullfrog the relation varies in different fiber
types ; i. e. in the ventricle the action potential
duration prolongs as the cycle-length increase®.
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Idiosyncratic hepatic reaction in canine hemorrhagic
shock in the absence of glucocorticoid : Its
prevention by endotoxin-conditioning

Tokuro Fukuda and Hisashi Uzawa

Department of Physiology, Chiba University School of Medicine, Chiba

It is well known that the liver plays the most
dominant role as a shock organ in canine ana-
phylaxis. The canine liver is characterized by an
abundant mast cell population and an extreme
sensitivity to histamine of its venous sphincter
mechanism!). Thus anaphylactic release of
hepatic histamine precipitates hepatic engorge
ment and an attendant splanchnic blood pooling
leading to a dramatic fall of blood pressure.
Recently the possibility of induction of a similar
histaminic hepatic reaction by ‘induced hista-
mine’ has been postulated. It was shown that
the histamine forming activity which is known
to be undetectable in canine tissues with' the
nonisotopic method of Waton2 becomes detect-
able after endotoxin in the liver of dogs in the
absence of glucocorticoid (Fukuda®) and to-
gether with this the animal easily succumbs to
shock due to hepatosplanchnic blood pooling.
Thereby the histamine forming activity was
also detectable in the shock serum which on
transfusion to normal dogs had been known to
induce pronounced hepato-splanchnic blood
pooling (Fukuda et al®). Thus the extreme
susceptibility of adrenalectomized dogs main-
tained with DCA to endotoxin has been at-
tributed to the induction of histamine forming
activity in the liver. This could be prevented
either by pretreatment with glucocorticoid or
by making the animals ‘tolerant’ to endotoxin
beforehand and the animals became resistant to
endotoxin.

In case of hemorrhagic shock in adrenalecto-
mized dogs maintained with DCA it has also
been observed that the shock serum aquires the
property of inducing a blood pressure fall in
recipient dogs due to hepato-splanchnic blood
pooling (Fukuda®). The object of the present
experiments was to determine whether this is
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also due to the induction of histamine forming
activity in the liver in the absence of gluco-
corticoid during hemorrhagic hypotension. To-
gether with this it was also examined whether
a cross-resistance of ‘endotoxin-tolerant’ adreanl-
ectomized dogs to hemorrhagic hypotension
can be observed or not.

Adrenalectomized dogs maintained with DCA
(I mg, daily) were bled under Nembutal anes-
thesia (20 mg/kg, i. m.) from the femoral artery
into a reservoir with a bleeding velocity of 1
ml/kg/min until the mean arterial pressure was
lowered to 35 mmHg. Heparin was given both
to the dog (200u/kg, i. v.) and to the blood
reservoir (2000 u). From the progress of ‘take-
up’ of the shed blood in the reservoir (self-
transfusion) during maintenance of the hypo-
tensive level for 4 hours the severity of shock
was determined.

The histamine forming activity of serum and
liver homogenate was determined after Waton
2 with a slight modification®. Addition of
benzene to the incubation medium was omitted,
since its potentiating effect was not observed.
Therefore, the observed activity might be due
to histidine decarboxylase®). The samples were
dialyzed beforehand against physiologic saline
containing antibiotics in refrigerator in order
to minimize their histamine content. The opti-
mal pH of the incubation medium was 7.4.

‘Endotoxin-conditioning’ was performed be-
fore adrenalectomy by giving successively increas- .
ing doses of endotoxin (S. typhosa, Difco : 100,
200, 500, 1000 and 1000 pg/kg, i. v.) during
the course of 10 days. One-stage bilateral ad-
renalectomy was performed within a few days
after the last injection. Experiments were done:
one week later when these animals were still
able to tolerate 4 times the usual LD,y of
endotoxin ; i. e. 40 yg/kg (referd).

On bleeding the blood pressure of adrenalecto-
mized dogs easily attained the hypotensive
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level and the maximum bleeding volume was
far less than that in intact dogs (in average 35
ml/kg in comparison with 50 ml/kg in intact
dogs). Nevertheless the ‘take-up’ of the shed
blood began earlier and the course was often
terminated within 4 hours by respiratory arrest.
The blood sugar level tended to fall with the
progress of the ‘take-up’. However, infusion of
glucose solution for maintenance of blood sugar
level was unable to preven the shock. At auto-
psy, congestion of the liver was more marked
than in the cases of intact dogs, while hemor-
rhagic lesions of the duodenal mucosa were less
intense especially when the lethal course was
short. The liver glycogen stores were almost
completely depleted. As shown in Table 1, small
but measureable histamine forming activities
were detected in the liver and serum of shocked
adrenalectomized dogs.

When adrenalectomized dogs were pretreated
with glucocorticoid (Decadron : 4mg i. v. 2
hours before), the progress of ‘take-up’ was
markedly inhibited (Fig. 1). The liver sample
and serum taken at the end of the hypotensive
period showed no detectable histamine forming
activity.

The induction of histamine forming activity
was also prevented in ‘endotoxin-tolerant’ ad-
renalectomized dogs during the hemorrhagic

Table 1. Induction of histamine forming activity
in hemorrhagic shock of adrenalectomized dogs
Liver Serum
(rg/g/2 hrs) (2g/100 ml/2 hrs)
0.08 1.20
0.17 0.9
0.06 15
0.16 0.43
008 - 3.6
o 50 100
_Controf LA ° A

Adrenx. | +Glucocorticoid |* * *° ¢

Endotoxin-tolerant [®* * * ¢ ¢

Control

Intact | +clucocorticoid e v

Endotoxin - tolerant Aaad hd

Fig. 1. Progress of ‘take-up’ as expressed by the
percentage of the maximal bleeding volume during
4 hours’ hypotensive period.

hypotension. In these cases the progress of shock
was prevented together with hepatic engorge-
ment, just as in the cases with glucocorticoid
pretreatment (Fig. 1). However, the hypogly-
cemic tendency could not usually be reversed.
The marked cross-resistance of ‘endotoxin-toler-
ant’ adrenalectomized dogs to hemorrhagic
hypotension was maintained for at least a few
weeks after cessation of the ‘endotoxin-con-
ditioning’.

It may be concluded that the marked hepatic
engorgement and the rapid progress of ‘take-
up’ of the shed blood during the hypotensive
period in the absence of glucocorticoid might
be due to the induction of histamine forming
activity in liver. It was remarkable that ‘endo-
toxin—conditioning’ is effective in preventing
the histamine forming activity induced not only
by endotoxin but also by hemorrhagic hypo-
tension. In cases of intact dogs in which no
such activity was induced in the presence of
endogenous glucocorticoid during hemorrhagic
hypotension both glucocorticoid and ‘endotoxin-
conditioning’ was ineffective in preveting the
shock (Fig. 1). Thereby the well-documented
hemorrhagic lesion of the intestinal mucosa
was the characteristic autopsy finding and the
idiosyncratic hepatic reaction was not apparent.

In passing it may be mentioned here that
the reported beneficial effect of ‘endotoxin-
conditioning’ in hemorrhagic shock in rats?
and rabbits® could not be substantiated even
after adrenalectomy. This might be due to the
species difference in the lethal ‘mechanism in
hemorrhagic shock.
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Inulin space of rat skeletal muscles——Comparing
the muscles in vivo with that in vitro
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Table 1. Change in muscle cation concentrations elicited from the various route of inulin
administration )

Average electrode content in muscle (mmole/kg. w.w.)

Method Cases SOL EDL
K Na K

Fresh muscles .10 323%+05 959+1.1 22.74-05 ~1125+14
Muscles soaked in inulin solution 16 495+2.1 719418 38.0+1.5 87.2+1.1
for 2 hours, in vitro P<0.001 P<0.001 . P<0.001 = P<0.001
Muscles isolated at the various 300410 88722 211407 109.0+1.9

time (1~6 hours) after inulin 14
in jection, in vivo

0.01¢P¢0.05 0.001¢P¢0.01

P>005  P>0.05

P indicates the value of t test, in which Na and K in both kinds of fresh muscles compared with
those in muscles in vitro or in vivo, respectively. All values are expressed by the mean+S. E.

Gastro.

EoL [ B 4
Diaphrugm—_—ﬂi (24)

soL [ e

vi [ en

vr # (27

Arl H @7

(o] 5 10 15 20 25
Inulin space (ml/100g w.w.)

Fig. 1. Magnitude of inulin space of various
skeletal muscles in the nephrectomized rats. Gastro :
Gastrocnemius, EDL ; Extensor digitorum longus,
Diaphragm ; Diaphragm, SOL ; Soleus, VI ; Left
ventricle, Vr ; Right ventricle and Arl; Left and
right atrium. Numerals inside the parentheses in-
dicate the number of muscles.
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A simple method of on-line display of the instantaneous
frequencies of nerve impulses
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Fig. 1. A : Block diagram of the simple instantaneous

frequency display system. C.R.O. : Cathode-ray oscilloscope
(Nihon Kohden, VC-6), SAW : Saw-tooth output, Za, b : Z—
axis inputs, Tr : External sweep trigger input, Amp. a, b:
Vertical axis amplifiers, Vert. Out. : Vertical output circuit,
Sch. Tr. : Schmitt trigger circuit, Dif. : Differentiation circuit,
Mono-stab. Multi. : Mono-stable muitivibrator (MSE-3, or
"MSE-20), S. Mon. : Sound monitor, Data Record. : Data
recorder input. B : An example of instantaneous frequency
display recording. Response pattern of the output of a statocyst
hair. Head-down rotation with abrupt cessation of rotation at
220 (arrow), where the impulse frequency showed a maximum.,
Upper trace: Rotation. Middle : Instantaneous frequency display
averaged with an integration circuit of a time constant of 50
msec. Lower : Original nerve impulses with brighteness enhan-
cement (Hisada and Sugawara, unpublished data).
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