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Studies on Crystalline Whale Insulin

IV. Structure of Sperm- and Sei-whale Insulins

Yasuzo ITO

Abstract

As reported in previous papersV, the authors have observed that the amino—acid composition
of whale {sei-) insulin differs from that reported by Sanger ef a/¥. Furthermore, I have recently
re—examined the amino—acid analyses of sperm— and sei~whale insulins (whole insulin and both
glycyl (A) and phenylalanyl (B) chains of oxidized insulin, respectively). From these experi~
ments it has been confirmed that in sperm insulin each aminc-acid content agrees well with
the values obtained by Sanger ef al. ; but in sei-whale insulin the content differs from their
reports, namely, it contains an alanine instead of an isoleucine residue in the A chain.

Then, I have compared the amino-acid sequences in both insulins with that reported by
Sanger ef al. The B chains were found to have the same sequence as Sanger’s, but species
differences found in A chain were on the residues occupying positions 8-10; namely, the

sequence in sperm insulin Thr. Ser. Ileu (identical with Sanger) and in sei-whale insulin
Ala, Ser. Thr,
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B IS TSR VoA S 2 Vv DRERT s VOSSR, 2 B BEaon |
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Av v a )y OBBELEU A-BW fraction OBt Sanger OFEEY 1268, A-$DOT 3 VEES
JEFFOBRENL Sanger'® OFEKICEEL, &5 A-fraction ¥BRU~ 7> v THKE YT ER peptides
VRS, —KILKU —RJC paper chromatography % $+FL T4 R, ffl~ @ peptide |3 DNP £ T
T3 KM, BRI L VERT ¢ /B %4 paper chromatography TREISEL Sanger OFEE & i
L Tii2o7

RBRERA(CER

I 73/BERNH

HEHAY 2 Vv BUAVSBAy > 2 Vv A, B i fraction Ok 4210580 6 x HCl # M2 EED
TF110°CT24B5RT, 48R5RS, 728 kREER © HCl #&k, pH » FHEEBE—FEY#RAL 2.

A, ZKEBRA2al
HEEAY > 2 Vv D7 s VBEESMORRIT Fig. 1a, Fig.1b XU Table1 IZRTiI Th b, 7 3
JBROBIC L AFFRUIKT AFHEIE Thr, Ser, Tyr (23U T3/ OERRA O MFLE, Glu XU Phe it
TR 3 A B OIE 2 52070, Table 1 1270 £ Sanger ORERE L —FKT 5 7 3 /El
RTd3,
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Fig. 1a. Typical effluent curves for 24~hour hydrolysate
of sperm—whale (100cm. column of Dowex 50-X8)
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Fig. 1b. Typical effluent curves for 24~hour hydrolysate
of sperm-whale (15cm. column of Dowex 50—-X8)
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Table 1. The amino-acid composition of sperm—-whale insulin

Amino acid Amino acid N as % of No. of residues
Amino acid per 100g. residues per total per mole of
protein 100g. protein N insulin

Aspartic acid 6.76i0.01g 5.85+0.01°% 4.57%0.01 3.0430.01
Threonine* 4.12 3.49 3.12 2.08
Serine* 4.92+0.28 4.07+0.23 4.21+0.24 2.811+0.11
Glutamic acid 16.2940.11 12.59+0.10 9.97+0.07 6.651+0.05
Proline 1.46 1.23 1.14 0.76
Glycine 5.060.01 3.84::0.01 6.070.01 4.04:+0.01
Alanine 3.34+0.02 2.660.02 3.38=+0.02 2.24+0.01
Cystine** 11.09 9.43 8.30 2.77
Valine 8.451+0.07 7.1540.06 6.4910.05 4.33+0.04
Isoleucine 4.08+0.01 3.52+0.01 2.80+0.01 1.8740.01
Leucine 13.67+0.19 11.80£0.16 9.39+0.13 6.260.09
Tyrosine* 11.8610.09 10.67+0.08 5.89+0.04 3.93+0.03
Phenylalanine 8.19 7.29 4.46 3.02
Histidine 4.88+0.07 4.31+0.06 8.50%0.12 1.88+0.03
Lysine 2.6410.09 2.32+0.08 3.260.11 1.0840.04
Arginine 3.21+0.15 - 2.87+0.13 6.63+0.31 -1.104:0.05
Ammonia | e T e 9.82 6.28
Total 110.02 93.09 98.00

* Extrapolated to zero time of hydrolysis
** Measured as cysteic acid but calculated as cystine

B. 47 84 al

ME QA Oy > 2 Vv O7 2 7B ERFT 2810, L VIEEYHIL T A-B W fraction
L TR DFTHRAT, A-fraction 123 285813 Fig. 2 XU Table 2, B-fraction 12343 5%
B3 Fig. 3a, Fig. 3b KU Table 2 ISRTIN Th b, 7 3 7EROBRIC & 2 FROMIEIIN IR~ o8
(= Thr, Ser, Tyr (234U Ti3AMRRRHIA DOSEL, Glu R U Phe 13 72RO BRIE RS A B OFAE
O,

-
o

Y

Amino acid concentration(mM)

70100 130 160
pH3.42,38°C

1% 220 250 280 3
pH4.27,50°C _—I
Effluent(ml.)

e

Fig. 2. Typical effluennt curves for 24~
hour hydrolysate of A~fraction of sei~whale
insulin (100cm. column of Dowex 50-X8)
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Fig. 3a. Typical effluent curves for 24-hour
hydrolysate of B-fraction of sei~whale insulin
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Fig. 8b. Typical effluent curves for
24-hour hydrolysate of B~fraction of
" sei-whale insulin (15cm. column of

Dowex 50-X8)

Table 2. The amino~acid composition of A~ and B-fraction of sei-whale insulin

o0 n om0 56 of ot ) N o e
A~ B~ A= B- A~ B~ A- B-
fraction | fraction ) fraction | fraction | fraction | fraction | fraction | fraction
Aspartic acid 12.63g 4.11g 10.92g 3.56g 8.52 2.79 2.37 1.18
Threonine* 6.36 3.62 5.40 3.08 4.77 2.73 1.34 1.06
Serine* 9.71 3.80 8.04 3.17 8.30 3.27 2.31 1.27
Glutamic acid 21.40 13.38 18.77 11.73 13.06 8.22 3.64 3.18
Proline 2.81 2.37 2.21 0.86
Glycine 3.54| 6.8 | 269 523 4.24/ 829 118! 3.21
Alanine 3.84 4.96 3.06 3.95| 3.87 5.02 1.07 1.95
Cystine/2** 19.00| 6.05| 16.15  5.14! 14.19| 4.55| 8.96| 1.76
Valine 5.67 9.28 4.80 7.86 4.34 7.16 1.21 2.78
Isoleucine 6.21 5.36 4.26 1.18
Leucine 10.92 15.81 9.42 13.90 7.87 10.90 2.08 4.22
Tyrosine* 15.75 10.22 14.18 9.20 7.82 5.10 2.18 1.98
Pheylalanine 12.97 11.54 7.10 2.75
Histidine 7.19 6.32 12.56 1.62
Lysine 3.29 2.88 4.07 0.79
Arginine 4.03 3.61 8.37 0.81
Ammonia 0000 | eresse | essees | sesnee | eeenee 14.02 4.24 3.96 1.69
Total 115.03 | 108.40 98.80 93.53 95.70 96.58

* Extrapolated to zero time of hydrolysis
** Measured as cystei¢ acid but calculated as half-cystine
SADTE~ 7 F FICHBIL TOFHIE % B3R E V8T 3 &, “whole molecue” |23 2 EBEMUC AT Tleu
L Leu, Tyr & Phe IATRA 1 FFHOANE VSR LN 5, 2T Sanger OFERIC—FHEETL LHIC
A5, Hhpic leu 1HFH LAY Ala, 1 FTFEVCEFERENDIIEOL, L ELOBEYZEO 1
v a2y LU TEH A L Table 3 DI ISk 3, MILHEH A v > 2 Vv 13 Sanger oL 12
B2 —HT A0, AVVEiAy v a2 Yy Tid Alg, llew (ICHESR LR, ZoHERI:A—$ohk
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FHIE LB SICEHONS, A—FCOE AT VEAY Y 2 Vv LD 5 WA MRS 37 b1, Asp,
Glu, CyS, Leu, Tyr (1363, Thr 13K, B @—, Ser i3k, 4 F—, Gly 1lk, #LF—, Ala 2%,
L E—, Val 130F, BLF—, leu 134, ELFE—Th2, ' :

COMERHEREEL AV EEAY Y 2 VDT 3 BHEROHEY EIHERT 3 BICROA—EHDT 37
B A TERF ¥ RS 1.

Table 3. Amino~acid compositon of each insulin from different sources
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I 73/BESEF

A, BRUBE~<7v 1k 3 KBER~ 7T FORER

44 A—fraction 20 mg ¥ N/wo HCl 2.5 ml IC¥8E~<7"s v 1mg ¥MA, 37°CT48HMfERE L o1
££100°C 105 FSUMEL, BESER 2w Lo, BES Y BLREL, Bohi Ll ERE/MEORRKIC
#3#%, 2% phenol: 7K (4 : 1) U butanol : BfER : 7k (4 : 1 : 5) 7 solvent system T 2 RJC paper
chromatography (= k D &~ 7"F FIcH Bl 7co SEESNIz~<7F K38 VIR ) FEK THHL ., BT
#, 6x HCl T 105°C 120Nk EUBER 7 < 7B % paper chromatography i= &  FIEL 2o X k38
LR TR L o= 7" F F % 1% trimethylamine (2 CH{L DNFB (2T DNP L, =7FFD7
3 /KM E % paper chromatography TREL 72

B A~ 2 VD A-fraction DIE~<7'> v LE~T S VI 3 KIBER~7F FOFHRU £ OfF
BT 3 sBokiBiisk~ Fig. 4a, Fig. 4b 3500C Table 4 a, Table 4b (RTINS TH 2,

WAV A S 2 VD A-fraction DfF~7s v LIS viC & AKBER~7F FOFHRV %
DERT 3 /BhEIzHkx Fig. 5a, Fig. 5b 3(Fic Table 5a, Table 5b (2R3 TH 5,
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Fig. 4 a. Chromatograms of peptic (pig pepsin)
hydrolysate of A-fraction of sperm—~whale insulin.
Run first in phenol-water (4: 1, by vol.) and
then in #-butanol-acetic acid-water (4:1: 5, by
vol.)

Table 4 a. Peptides from peptic (pig pepsin)
hydrolysate of A—fraction of sperm-whale insulin

n—~Butanol-acetic acid

Phenol
Rf value
. 0.2 0.4 0.6 .8 1.0
©)
@ D (o)
0 @@@@
0.4} %@
0.6 O
Qs
l gO.B
<
1.0 |

Fig. 4 b. Chromatograms of peptic (whale
pepsin) hydrolysate of A~fraction of sperm—whale.

© Run first in- phenol-water (4:1, by vol.) and
. then in m-butanol-acetic acid-water (4:1:5, by

vol.)

Table 4 b. Peptides from peptic (whale pepsin)
hydrolysate of A~fraction of sperm-whale insulin

) (See Fig. 42) (See Fig. 4b)

Spot Peptides identified Spot Peptides identified
1 [Val, ? Glu ?) 1 CySOzH. Ser. Leu, Tyr. Glu
2 Uncertain 2 Glu. Asp. Tyr
3 Glu. Asp. Tyr. CySO3H. Asp 3 CySOs;H. Ser. Leu. Tyr. Glu
4 Glu. CySOsH. CySO;H. Thr. Ser 4 Glu. Asp. Tyr
5 Ser. Leu. Tyr. Glu 5 Ser. Leu. Tyr. Glu
6 Uncertain 6 CySOzH. Ser
7 Glu (free) 7 Glu. CySOsH. CySOsH. Thr. Ser
8  Ileu. CySO:H. Ser. Leu. Tyr. Glu 8  Ileu. CySOzH. Ser
9  Gly. Ileu. Val. Glu 9  Gly. Ileu. Val. Glu
10 Tyr. Glu 10 Leu. Glu. Asp
11 Leu. Glu. Asp. Tyr. CySOsH. Asp 11 Ser. Ileu. CySOsH-

12 CySO;H. Asp 12 Ser. Leu. Tyr. Glu. Leu. Glu. Asp. Tyr
13  (Glu, ? CySOsH ?) 13 Leu. Glu, Asp

14 Tyt. Glu. Leu. 14  CySO3H. Asp

15 Ser. Leu. Tyr. Glu ) 15 Glu. Asp

16 Glu. CySOsH. CySO:H. Thr, Ser

17 Glu. Asp ‘

18 Glu. CySOsH. CySOzH. Thr, Ser

19 Leu. Glu. Asp
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Fig. 5 a. Chromatograms of peptic (pig pepsin)
hydrolylsate of A~fraction of sei~whale insulin,
Run first in phenol-water (4 : 1, by vol.) and then
in n-butanol--acetic acid-water (4 :1: 5, by vol.)

Table 5 a. Peptides from peptic (pig pepsin)
hydrolysate of A-fraction of sei-whale insulin
(See Fig. 5a)

By 2V BT A% ™

Phenol
Rf value
-~ 0.2 0.4 0.8 0.8 1°0
X
0.2 @
=
g - C@
-‘::3 0.4 @
<
3 Q2)
‘% 0.6 »m
5 \
7
®
P
=
@
>
Po

Fig. 5 b. Chromatograms of peptic (whale pesin)
hydrolyste of A-fraction of sei~whale insulin.
Run first in phenol-water (4 : 1, by vol.) and then
in z-butanol-acetic acid-water (4 : 1:5, by vol.)

Table 5 b. Peptides from peptic (whale pepsin)
hydrolysate of A—fraction sei-whale insulin
(See Fig. 5b)

Spot Peptides identified Spot Peptides identified
1 Glu. Asp. Tyr. CySOsH. Asp 1 Ser. Leu. Tyr. Glu
2 Ser. Leu. Tyr. Glu. Leu 2 CySO:H. Ser. Leu. Tyr
8  Glu. Asp. Tyr 3  Glu. Asp
4 CySOzH. Ser. Leu. Tyr. Glu 4 Glu. Asp. Tyr
5 Tyr. Glu. Leu 5 Glu, CySOsH. CySO H. Ala. Ser
6 Gly. Ileu. Val. Glu 6 CySOsH. Ser. Leu. Tyr. Glu
‘7 CySOsH. Ser, Leu. Tyr. Glu. Leu 7  Ser. Thr. CySOsH. Ser. Leu. Tyr
8 Glu. CySOsH. CySOsH 8 CySO3H. Asp
9 Glu. Asp 9 Gly. Ileu. Val. Glu
10  Thr, CySOH. Ser. Leu. Tyr, Glu 10 Glu. Asp. Tyr. CySO H. Asp
11 Asp. Tyr. CySOzsH. Asp 11 Glu, CySO:;H. CySOzH. Ala
12 Asp. Tyr 12 Ser. Leu. Tyr. Glu. Leu. Glu. Asp
13 Glu. CySOsH. CySOsH. Ala. Ser 13 Asp. Tyr
14  Tyr. Glu’ ' 14  Thr. CySOsH. Ser. Leu. Tyr. Glu
15 Uncertain 15 Leu. Glu. ‘Asp. Tyr
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¥t A-fraction 10mg = 12v HCl 2ml. %A S6°CT2BEMIMREE, BEEY HCl #Bkl, EH~r
F VO ¥ {BRERKE) (pH 3. 4, pyridine-acetate buffer) % {f— G paper chromatography (solvent
system:n-butanol ~EtE2 -7k, 4:1: 5) TIFor. HHl¢ 227 F FIIMROBENROBE & FAENEL
Too BB, AVEE A 2 Vv @ A-fraction (2389 %2553 Fig. 6, Table 6a &1 Table
6bITRTINC Th 3, BUKBHOIREIKENLE 1~ > 2 Y v (A-~fraction) 358 A & FREO DERREE 2 1 L
72%%, band e, g, h, i, j B kZHAT ninhydrin BEE LS band OINCETORESTES b,
BERUBRC L AEINBEL VBLNLN EOBEP CFEBRA v 2 Vv A- 07 ¢ BESEE > B
7% L Table 7a K Table 7b OfEIck Y, 2k D35 ELAI~AT & ANILBEOEFIIEH A v &
Vv 32 F—DEFIY R, METAERIS-SBADAS, 9, 1007 3 JBOATH S, B-SIR
THEEAY 2 2 ) vIBHED 1 v ¥ 2 Vv LRLA—TH DMV #5272 » ) spesies specificity & i
RENHRET 50 STCA TV BHERBEOAY 2 2 Vv L TREZDOT s 7 BESNCAT Ala & Thr, Thr
& lleu DANEY BTN BICE DT, 15K Sanger SDWEL 5D A v 2 Vv D7 3 7 BEBROM
FbLAB, 9, 00T VRTHDT, ZHEOMBES v 2 Vv OEYENECIEY S ANENE, =
H7 /BAEHCR ) BERS T Th 3, SEIOEEE A 2 Vv LZEDA v & 2 ) v ORE
EvYHbDTAS—1007T 3 /@EE?J?/T? LROMWML T, E?&iﬂl»f vV LRELEFIRYET S Sanger
@fOﬁﬁbiﬁﬁﬁ'f viyaVlvEBbhs,

47 Ala. Ser, Thr & Ala, Ser. Val
R Thr. Ser. Ileu = <3 Ala. Gly. Val
JiZS Thr. Ser. Ileu B Thr. Gly. Ileu

i (Sanger) Thr. Ser. Ileu

IO HEEOMIBOBEREICIBH LIS, ZEOBADT 3 / BOBBROMIZ LA Y BIEE
BOONL PIAEIE T LY s v ZALELT Ala & Thr OBREHSH Y, Frure—ACW T
uﬁ,ﬁ.¢,ﬁ,%tTAMtSa@E@,n4ﬂ~fyvVMTu¢&Etfvmtjkuoﬁa(4
¥ 2 Vv OBEIELD . 27 = v ERRER L E S TR 4L T Glu & Ser OFH, Y7 FF
RABYDILF2 R0 TY Leu & Ala, Ala & Ser BB, FZY 7L vy v D Tlids
LT Arg & Lys OEBAHEIIZEN T3, SEOBESIIMAND, 4 2V v DFEFRC, OB
FEECHA LT v ERO LR VEE Y 5L T v,

FUET b 8T & 2 HREH &%ﬁf&é4vxwaru£@ﬁﬁ,Eﬁ%ﬂabi&Téﬁﬁf@é@
TZORAHEE LOBIYNROBEL bEALNS,

o
1o
=
o

15 (em)

- —
SRR

S P
| |
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I

b — —  — . 4

SO

n m 1 kj i h g f e d ¢ b a

Fig. 6. lonophoretic séparations of acid hydrolsate of A~fraction of sei~whale
insulin at pH 3.4 (pyridine-acetate buffer) and 400 volt (3hr.)
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Table 6 a. Peptides identified in partial acid
hydrolysate of A—fraction of sei-whale insulin
(see Fig. 6). Each fraction in Fig. 6 was
fractionated by paper chromatography (solvent
system : #-butanol-acetic acid-water 4:1:5by
vol.) furthermore :

Table 6 b. Peptides identified in patial acid
hydrolysate of A-fractionof sperm-whale insulin
(see Fig. 6). Each fraction in Fig. 6 was
fractionated by paper chromatography (solvent
system : #~butanol-acetic acid-water 4:1:5 by
vol.) furthermore

Spot Peptides identified Spot Peptides identfied

a CySOsH. CySOsH a CySO:H. CySOsH
CySO:H b CySOsH

c-1 Glu. CySOsH c Glu. CySOsH. CySOsH

c-2 Glu. CySOsH d Uncertain

d-1  CySOsH. CySOsH. Ala

d-2  Thr. CySOsH

e-1  CySOz;H. CySO,H. Ala
e—2 Thr. CySOsH

e-3 Glu. CySOsH. CySO:H. Ala
f CySO3H. Asp

g~-1 Glu. Asp

g-2 CySOsH. Ala

h-1 Ser. Thr

h-2 Glu. Asp. Tyr

h-3  Ser. Thr

i-1  Glu Leu

i-2 Ser. Leu. Tyr. Glu

i-3 Leu. Glu. Asp

ji=-1 Leu. Glu. Asp

j~2  Asp. Tyr. CySO:H

j-3  Gly. Ileu. Val. Glu

i—4  lleu, Val. Glu

k :Uncertain

1-1 Ileu. Val. Giu

1-2 Ileu. Val. Glu. Glu. CySO:H
m Gly. Ileu. Val. Glu. Glu. CySOsH
n-1  Ser. Leu

n-2 Val. Glu

n-3 Ileu. Val

n—4 Uncertain
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e-1 Uncertain
e~2  Glu. CySO:H
e-3 Glu
f-1 CySOsH. Thr
f-2  Tyr. CySOsH
f-3 CySOsH. Asp
g-1 CySOsH. CySOzH. Thr
g-2 Glu. Leu
h-1 CySOsH, Thr. Ser
h-2 Ser. Leu. Tyr. Glu
i-1 Glu. Asp
i~2 Asp. Tyr
i-3 Leu. Glu. Asp
i—-4 Glu. Asp
i-1 Ser. Leu. Tyr
j—=2  Thr. Ser. Ileu
j-3 Thr. Ser
j—4  Thr, Ser. Ileu
k Uncertain
1leu. Val. Glu. Glu. CySO;H
m~1 Gly. lleu. Val. Glu
m-2 Val. Glu. Glu. CySOsH
n~-1  Ser. Leu
n-2  Val. Glu
n-3 Ileu. Val

n—4 Uncertain
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Table 7a. The structure of A~chain of sperm-whale insulin

Corresponding peptides
from peptic (pig pepsin)
hydrolysates

Corresponding peptides
from peptic{whale pepsin)
hydrolysates

Corresponding  peptides
from acid hydrolysates

Gly. 1leu. Val, Glu

Glu. CySOsH. CySO:H. Thr, Ser

Gly. Ileu. Val. Glu

Glu. CySOsH. CySO:zH. Thr, Ser

Gly. Ileu. Val. Glu
Glu. CySOsH, CySOsH

Structure of A—chain of sperm--whale insulin

NH:

1leu.CySOsH.Ser. Leu. Tyr, Glu

Thr.Ser.Ileu

Leu, Glu. Asp. Tyr. CySO:H. Asp

1leu.CySOsH.Ser

Ser. Leu. Tyr, Glu. Leu. Glu. Asp. Tyr

CySOsH. Asp
Leu. Glu. Asp CySOsH., Asp
Ser, Leu, Tyr. Glu Asp, Tyr
NH: NH- NH:

- ! I
Gly. Ileu. Val. Glu. Glu, CySOsH. CySO-H. Thr. Ser. lleu. CySO:H. Ser. Leu. Tyr. Glu. Leu. Glu. Asp. Tyr. CySO:;H. Asp

Table 7b. The structure of A-chain of sei-whale insulin

Corresponding peptides
from peptic (pig pepsin)
hydrolysates

Corresponding peptides
from peptic (whale pepsin)
hydrolysates

Corresponding  peptides
from a;id hydrolysates

Gly. Ileu, Val. Glu
Glu. CySOz:H. CySOsH, Ala. Ser

Gly. Ileu. Val. Glu
: Glu, CySO3H. CySOsH., Ala
Glu. CySO3;H. CySO:sH. Ala. Ser

Ser.
Gly. Ileu. Val. Glu, Glu. CySO:H Ser.

Glu. CySOsH. CySOsH. Ala

Structure of A-chain of sei~whale insulin

NH:

Thr. CySOsH. Ser. Leu. Tyr. Glu Glu. Asp. Tyr. CySOsH. Asp

CySOzH. Ser. Leu. Tyr. Glu. Leu

Glu. Asp. Tyr. CySO:H. Asp

Ser. Leu. Tyr. Glu
Leu. Glu. Asp. Tyr

Thr. CySO;H., Ser. Leu. Tyr

Thr Ser. Leu. Tyr. Glu Asp. Tyr. CySOsH
Thr. CysO:H Leu. Glu. Asp CySOsH. Asp
NH: NH.: NH.

. | I | |
Gly. Ileu, Val. Glu, Glu, CySOsH. CySOsH. Ala. Ser. Thr. CySO:;H. Ser. Leu. Tyr. Glu, Leu. Glu. Asp. Tyr. CySOsH. Asp
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