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Pharmaceutical and Chemical Studies of Insulin. XYXV.

On the Nitrogen Terminal End-Groups of Bonito Fish (Katsuwonnus vagans)

Insulin by 2, 4-Dinitrophenyl Method.

Kakuma Nacasawa and Sasao NisHizaki

¥TAMNELETLED

Sanger &3y ViS4 V2 Y VONSKHT § /Y ** RPELD, £OMRT 3 2 BROBF] A FF & ko
7c23),

FEH BILHUBORC I TZ V7 DA V¥ 2 Y Y OFGRMEC DWW TIRE Lichs, ToOFEHT oW T { Sanger &
7%, ey, vROA4 VY2 Y VELLIRENDORHT 3 VIO JFHFEZHELTW350, thby
o, TRV, URIV 2 OI BT LickikA v o2 Y VIR TR NSE T 3 2B LT Gly & Phe
D2ETHHZ AW o, SEFEHELIINCEREMAD Y B LU 7 25 D4 v 2 Y ViR
LLTHYFADAL V&Y vO NSRS 2,4-dinitrophenyl {1 (BI'F DNP fLe043%) Bl b 5
LIMVTERDOTEETSD. BEIVE - 4 V¥ a2 ) VEOWTULREKEESMBELR TR Tess*, ~ o
G Ute b DRSS 902 (ERMMEN HHE L, 22u/mg DL 0% 100%HBE L IRE L) OEE X - 4
vy Vv ThE. FELIIBBEDCENTHI Y c A vy Y VIR60% T v EML, TAHYVEfS
SEREATA LT pH R & b HtbEETe 5 £ ¥, pH 7.2~6.3 OG5 » L bIGHYED S v &2 ¥ viiE

G4, 76, 221 (1958).

* * \_Oﬁﬂ" 1319584E10 26 H 5%‘2 .Emﬁhgxwmﬁ )j:AVCnh‘Za"

" *:m, HBLEHHO OIS 7§/ BROMS % Table 1 Uiy, HIAIR : BEASULE, HrHig954)
5B g

Table 1. Abbreviation for amino-acid residues

Abbrev. Amino-acid Abbrev. Amino-acid ‘Abbrev. Amino-acid Abbrev.

Amino-acid
Ala Alanine CySO,H  Cysteic acid |Leu Leucine Ser Serine
Arg Arginine Glu Glutamic acid{ Lys Lysine Thr Threonine
Asp Aspartic acid | Glu(NH,) Glutamine Met Methionine Try Tryptophane
Asp(NHp) Asparagine Gly Glycine Orn Ornithine Tyr ‘Tyrosine
Cys Cystine His Histidine Phe Phenylalanine| Val Valine
CySH Cystein Ilen Isoleucine Pro Proline

ok ox 2 BELIIDIVF, v e0fi4 vy ) vHLEEORS S VL BN AT XU ide 15
2 FROIIAEREHENEL, 5 LOERERAME LAY wThbf v ay vigh aﬁéfmi‘
B LIETER ot BV E 4 vy a ) VORERCOW TR+, SEREOHE (2204
52, 2, 132 (1948) fb23EREE & A& v HEE, 1, 24 (1948), 25 6 o E HACHRI AT B (RITDHRRD
(1951)] 3% % 7%, fES DIEEIC OV T OREEMRIC 21T L,
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EAIEREL L. ZOFETE 5 Ti3 PH6.9~6.3 ORXSGDH v+ « HELHEA vy ) vew B XUy
TIofEhA vy Y vRIAE LT 20 DNP L UTcihldl, DNPiEh v 4 - 4 v oo Y vOIREHEINL Y

2T DIEDTNOIPEETH -1, T bODNP (e Sk S5 L (G 180D, BiET=—
FARINEIT L@ LUAEIERSRT2WTDNP-7 £ Vot 7z v< + 775 7 4 (BUTF PPC L743%)
w{Tic-1c.

DNP-7 3 /{50 PPC Il 8N 0EE %S 5% 5 Lok Sanger Bk~ % X 512 tailing LASHTC
5%, F# ok Iwainsky OFED OBETHFMIREILOT, LTXOEEC Lichv, EERED pH 2127
% 2HIOECHTE Y HvIic (B3R2 - 150,

HYHAVY Y VEITHIRCHWEY Y B XU P T 0L v a Y v ODNP AL ERE CThk SR L,
* 4 x— F ARINORTSS Y PPC 0k s LCERT 3 L &, Wiy 2, 4-dinitroaniline, 2, 4-dinitrophenol
O2{ADAE » PRBRHILE. ZhbDizdicy >, 727 04, DNP-Gly, DNP-Phe D &K » + %807k,
Zhuik Sanger 5 OGRS N7 ¢ 7EHOBKE 2L —FT5. —HH v A OHLILDNP-GlyDiz 4]
C2MDAR » FRFES LI, 205 b0 11350 RE {iist DNP-Phe I hif]lshick¥ <, o Reffiiciiy
$% % ®i DNP-Leu ¥7-i2 DNP.lleu r:&x bz, (350 1 {HiZ%® Rf {{i7»5 DNP-Ala %712 DNP-
Pro* Th2% 5 rx bR (35522 -2, Fig. 1%44). DNP-Leu, DNP-Ileuy, DNP-Ala %5 X ¢ DNP-Pro %
$IEE LT o v 40 PPC &{fic »fcill, DNP-Leu & DNP-lleu & OYixIHM Tt ofodt, 135201
fijix DNP-Ala T % & L 2 FEE LI (9852 -3, Fig. 23{3), DNP-Leur DNP-lleu x ofIFix[Rbaiik
DOPHZ 7 A H VPkE 5 L %, DNP-Leu @ Rf {{iz3 DNP-lleu OFh Ik hookI o L25D, b 28
®ODNP.7 3 /{3 XU DNP-Ala 253l LT v 4 0 PPC #4575 - 7-844Y, 3o 0 RE {fid3% ¢ DNP.Leu
ThAS LHEL, ¥Bh0OREOAEX s b DNP-Ala » ¥ ¢ —F L% (FIER2-4,Fig. 3£079).

—HRRIET T oW T PPC 2 f7/e » 7eflifit, Wi'h{ 2, 4-dinitrophenol 35 X ¢ DNP-e-Lys @ 2 {HD A
F o Pt (a2 -5, Fig 4 308), kv Yy, 7Y 7 0HE0 Sanger 05 L —FLTWa5.,

H ko d & Sn @b = - 7 ARG, ABRUTo 2 LoFrbiiEshi: DNP- 7 3
IR lEr LCEMc B LRk, vt - £ v o2y v NodgsEy 3 2 DNP-Gly, DNP-Ala 351
U*DNP-Leu ¥ x4 —E(35 & L ¥ Fidabtc (518h2 - 6, Fig. 5503).

LicioThod « A v a2y vONSGHLL3IBTHEL, Gly,Ala XU Leu THB LT o**, 1077
L Leu ik Ileu & HANCINRE) LI37h - ohs, SIER2 -4 TRTANLET LI, 0L bIndBmomse
T35, ki NAYET : VEROFEHBAERRATRIIN TS50, FhERODNP-7 3 Ji30AE » ML
BEFEIUBETHLZ Lol T5s,

% B o K

£ #

v v ofkihA v a ¥ v (24.5u/mg)

725 2P IEREA v 2 Y v (22u/mg)

AYyA Ay AELEA vy ) v (20.0u/mg, YAy A VYELLD)

CNbDA VYY) Ve DNP AL LI Ol e L.

ER 1 MRS vy, rYPI7BI0RYAOFREYINEN 2 mg oL b, 6NER22.5 cc Foms,
T AFRIELA L, ARSI ST 118° ORI P TIRSER L. S ORT TR YA DBIZ L A K58
My adedish ooy, v OIS mg, 7 Y7 OEFI2mg Ol URIIRGROIEEMa i, #h

*  DNP-Pro 23U &350k a2 5 & 218, IoDNP- 7 £ /7 {2 & 1 LERTR-£03 ¥ 33 T/ &\~ [Porter,
R. R., Sanger, F.: Biockem. J., 42, 287 (1948)) 7%, ¥4 6 DEAMNG %+ 0 RE B D2 BT LT,
SADBDIHIAR » MIRLIWO TR W eSS bl T,

* % AETE OISR ONR, (AT AR ERSE A I v A4 - £ v 2 Y v o> N- i Gly, Leu Th o =
ERFEN LI L3kt T (fk2: Vol.14,No. 2, p.80 (1959) (liuzsi (H:5539))1ley, Ala, Gly
ThHELRLTHS
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RIHFRC 2T

FREROBILECOWT=—F A CHEI L, MR ZATKT I {EY, BRIKECETS, =—7
ARHEGRIRECRM U PPC o2k & Udc. ARERIGKIRIL 7 v Y v 288 T pH 5,05 1 giiii L, 58I L CHt L
PPC oFEEe Lie, :

REX 2-1 PPC #fpEk

By @) in- 72 —N-4 V7 INTAN 2 bz R ) —~0-T7 ZAEKED Y v &, KBLF Y oA
Py (pH 5.05) (30 :30: 11 : 45)

(b); (@) O3 bOBERL Y vEEZF 1V v &, KEREF by v AEEE (OH 11.25) X Licd o,

B« B2 D e — P TAL L0 ¥ ¥0b, TEERFR GEIEFEK No.51) 22 LRET5.
FHED 4 5 7 em DR B | o Rie —EHc b 5 X USiE 0 DNP-7 3 7 lideoby, ERRRER Fiv
T L5k kb BRI LT, a8 (a) Tik DNP.-Leur DNP.Ileu » OB &2 Craudt, (b) it DNP.Le#
® RE {41 (0.79) 73 DNP-Ileu @ Rf 44 (0.77) X b ook Lo, ’

®E2-2 v, rYFRIVIVF D=~ FAFENETF RS OWT, DNP.Gly, DNP.Phe, 2, 4.dinitro-
phenol s XX 2, 4-dinitroaniline %Xl & U TG (@) TEHLE., £O_~ruv<1t277 4% Fig 1
R,

].Or

“or O00 Oo0O0 O

N o 0
' o 00 O (o0

o..s O 000 000
TM- ‘ o O
:.| 0000 0000

N A A ' A A Y > 3 2 Sl

DNP Gly W B O Phe Gly O B W Phe DNA

Fig. 1. The paper chromatogram of DNP-amino acids in the ether layer obtained from the
acid hydrolysates of DNP-insulins
O : from DNP.ox insulin, W : from DNP-whale insulin, bonito fish insulin, Gly : DNP.glycine,
Phe : DNP-phenylalanine, DNA : 2, 4-dinitroaniline, B : from DNP-DNP : 2, 4.dinitrophenol
Solvent : n-Butanol-Isoamyl alcohol-Ethanol-pH 5.05 buffer (consists of potassium bi-
phthalate and sodium hydroxide) {30 :30: 11 : 45)

wEs 2.3 Fig. 1z RWTH Y+ OEIAD RE 0.7 HER XU 0.4 fED AR » P EETHHIT, £hbH D
RE iffiEo DNP-7 3 /[0 Bk, T 753>t DNP-Leu, DNP-Ileu, DNP-Ala 35 X OF DNP-Pro 2R & LT
Eravis (@) TELYE. 30— 2r7 e~ 75 akFig 2WWRT.

®Es 2-4 Fig. 212330+ % DNP-Leu & DNP-Tleu L %545 HAUTL D 2 Hid iR e UCEEBGE (b) T
B L. ki 0ty DNP-Ala # 4 %{fdL Lic. £0O<—-27u= 275 4% Fig. 31RT
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acid hydrolysate of DNP.bonito fish insulin acid hydrolysate of DNP-bonito fish insulin.
B:from DNP-.bonito fish insulin, Leu: B : from DNP-bonito fish insulin, Leu :
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Summary

The N.terminal residues of amino acids of bonito fish insulin were compared with those of ox
and whale insulin crystals, which had been isolated by the authors®.

On applying DNP-amino acids in the ether layer obtained from the hydrolysates of DNP-insulin to
the paper chromatography, four spots were found, 2,4-dinitrophenol, 2,4-dinitroaniline, DNP-glycine
and DNP.phenylalanine in the case of both ox and whale insulin, while 2, 4-dinitrophenol and 2, 4-di-
nitroaniline, DNP.glscine and two unknown spots in the case of bonito fish insulin. (Exp. 2-2, Fig.1) One
of the unkown spots was proved to be DNP-alanine and the other, either DNP-leucine or DNP-isoleucine
(Exp. 2-3, Fig.2).

In the subsequent experiment (Exp. 2-4), DNP.leucine was suggested by the Rf value difference
though the Rf values of DNP-leucine and DNP-isoleucine were very close (Fig.3).

As for the water layer, the three insulins had two spots, one was DNP-¢-lysine and the other,
2, 4.dinitrophenol (Exp. 2.5, Fig.4).

As a result, the authors suggested that bonito fish insulin had three N-terminal residues, glycine,

alanine and leucine.

Received June 30, 1959
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On the Nitrogen Terminal End-Groups of Tunny Fish (Thynnus alalunga)
Insulin by 2, 4-Dinitropheny! Method.

Kakuma Nacasawa and Sasao NisHizAKI

TAMNE LT LD

Sanger Litw e, 7x, vy, vBINISTFTORNA v vOIKINT 3 2IBOBEFITFRZUGELL
RO LSz L, Sh 6FLEE bl Lic4 v o2 ¥y vikbiivd NoEWsEe LT Gly &
Phe 0 2 TH %,

PEGITEED TRV TY vRIV 7P IOMMA vy y vEGL L, FEUSHCEMIC Y+ (v
v 2 ) v ONSEESEV MBI L, vosXtr 27 ofkiid v e 2 Y vt Gly L Phe 0 2T, Zhit
Sanger 5O L AL —FET BN, H Y ADAL v 2 Y vOENE Gly, Ala X 0F Leu o 3FFETS LR
Lic. S H3 NSRRI 7 27 DA v 2 V) vEB X UH2H TR Y+ DAL vy 2 Y vk
WAL LT v FH =2 vedA voa ) vONSKEILA 2, 4-dinitrophenyl {L.(1JF DNP {k & 1435 )2 X b
S TAC ENTEROTEETS. b~ v - £ vy a Y ViDL TLHH BI040 3su~ T Cryst.TA,
¥ X 0'Cryst. TB, 55224 s\~ T Cryst. TCe % skl EREE D HIC TR Lieas, T i 4
BLAERIT, WwTFhi =7 v-A voa V) vORG LIZEDHGO T, Z 2 Lc b Optiasy) 909, (41
Rl B X, 22u/mgdD 4 D H 1005 HEEE & (E LI DM~ e « £ v a2 ) vTHD. ¥ bIRLS18Es
ZEWTHYF - A4 v a ) vORITUCOWTGERIC), SO~ 7w f va ) vORBS L FEANCEEL, PH
7.3~6.30X D% LD, 22T G A v o Y vEI L LCHEFRC3mER] DNP {b U7z, DNP {E4H ol ks
BOH Y A OEE X DIED LT Th » (R 1 218). Ziv b0 DNP (L Z IR Tk SR L, Ebik
BB HMNEDPTHER A LF UHETHK 7 v < 275 7 4 (LT PPC L4325 ) %478 - L (5EER 2 2D,

e vy Y UEIV2PT A v a ) v DNP ok SN0 &, BT — 7 LRINELT

T A E EBECRIT B I Y A ORE B LT b oHEE I e DNP-7 £ /o Hifkaxifd e LT PPC 4T
fe5 L& U, By OLAIREHE S R UEALAE LA, 2 e OHIAIIL 7 ¥ & ik L DNP-
Leuk Bhhnd AH vy P EED, B YA L HEE L DNP-Alak 382 -3'DNP-Phe %38 %= (52Ek 3 - 1, Fig. 1 208,
DNP-Leu ¢ DNP-Ileu ¥ OHIBICIRE253uzifz U, 7% v o BIFREA VTR Ui k5L, RE {lindd°
nicieT DNP-Leu Th5 5 eHfE Lic (B2R3 -2, Fig. 2 20D,

—F KRR o T PPC 24Tl o fefiiffi 7 7, <2 w k{1 DNP-e-Lys 3s X U 2, 4-dinitrophenol
DAHFy P EFTDI: (FEES - 3, Fig. 3 2. )

L EoHRER D 2 SWTEntnd =~ F AMBTSS, KRB 2 LoES bifE S hvic DNP- 7 3
AR IEE LCHRBFCEE LtE, <2/ v - A vva ) vo N-Rig7 3 7Bk DNP-Gly, DNP-Phe
33 X0 DNP.Leu ¥ 4 —335 & L &Fehbic (52Er3 - 4, Fig. 4503,

LMo Twre - £ vya Y vo No SR 3HFAE L, Gly, Phe 530U Leu Th2 LiF7%. il

+  ES2SHNRRIAIAN, 77, 197 (1959).
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L Leu & Ileu X oXFNIMI S Cikio\0As, BE3 - 2,Fig. 2 TRTAMBHEE L. ZOMXEbicsEol
R TD, BEN-KHR7 ¢ VBROBELEMIETREIFP L2, ThEXhO DNP- 7 s VEOAR»
MRUERE TS ThD Z it 5.
MORATRISD, Cv i~ e -4 vya ) vORETREIRIGTKIBEGEAI oW LB 2 # T35,
£ B o K

R #H

225 7Y 7 - fEfA vy a2 Y v (22u/mg)

=ru i EyrFese BN Vo2 Y v (20.3u/me, KEXVOREER L B)

ThbnAd vea Vv DNPE Lz ok L L.

ok Fig. 1R L » v A0S M LIt F—DdDTH 5.
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%) -

LOEVFHwI e AT v ) v0mg R L Y, REVKES Y v £50mg, 7k 0.5 ce ink TEW
gL, =% —nlectmis. »

BICKIFEL LT 2727 - A voa ¥ v (22u/mg) 100 mgi b b, [ERKES P Y v 2100 mg, jklcc®
ME TGN L, =& /7~ 2cc®iNzb.

T O~z 1-fluoro-2, 4-dinitrobenzene %~ 7 v D334 0.05 cc, 7 5 DIE4 0.1 ccfnx, BET
3L D et DNP L2 ey, KIS L7 DNP-f v a2 ¥ vONBEHTASR LA L, K, =%
I =B IV == F A THRCHERE L. MEDRETHELII: DNP {bf voa ) v OB TA Pnt~ 2
v DOHI& 51 mg 225 DA 135 mg Th oo,

BB 2 MASBBIVPPC: 2723 R8IV~ e0REE TN 25 mgf ok hif25 & A LA
THKSBE2 T -1, SOZEGTIEy 7 0BAPROENGYEDIN, </ v OBEBUMNTLAER
Biph ol BEIKSR Uitk =~ 7 A CHHL, =~ 5 AFBTHRs, KERUTSwS b PPCOR
Belf, choopFrisift e AUAFET PPC {71,

®ER 3-1 HER1IX D DNP fELA 72058 XU~ v DIEmiC 4258 ki 5 5 v + D=~ F A FREFR
iz o\T, DNP.Gly, DNP.Ala, DNP.Leu, DNP-Phe, 2, 4-dinitrophenol s } ¢¥ 2, 4-dinitroaniline % x{Hd
& UCEGE@D CEELE. ¥0~_~27u< b5 A% Fig 18RS,

RE 3-2 Fig. 15~ 7 v 04 0DNP-Ley, DNP-Ileu DWW iET5 B TER LRI AL
LCEMGEEE (ODTEKE L., TOX—s37n< 277 A% Fig. 2iRT.

RE 3-3 7 5B IV~ v ORFERTHACOVWC, DNP-e-Lys, 2,4-dinitrophenol #x{fd& 1T 5
A (@) TEHL. #0_~.rv=< 73 8% Fig. 31077,

KB 34 wrw-Avva ) vo N FEEYEND S, HE3-1~3, Fig. 1~3 0piflicis& %
RERDAFR y PROVWTEEL DNP- 7 ¢ VEREdfde LT, =~7 A5, KESSEERCRE CFl TR
B (@) TEHLL. £0=—-,37w=< 27 a% Fig. 41573
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Fig. 1. The paper chromatogram of DNP- Fig. 2, The paper chromatogram of DNP-amino

amino acids in the ether layer obtained
from the acid hydrolysates of the DNP-
jnsulins from various animal sources
W : from DNP-whale insulin, B: from
DNP-bonito fish insulin, T : from DNP-
tunny fish insulin, Gly : DNP-glycine,
Ala : DNP.alanine, Leu : DNP-leucine,
Phe : DNP.phenylalanine, DNA : 2, 4-
dinitroaniline, DNP : 2, 4.dinitrophenol
Solvent : n - Butanol - Isoamyl alcohol-
Ethanol-pH 5.05 buffer (consists of
potassium  biphthalate and sodium
hydroxide) [30 : 30 : 11 : 45)

acids in the ether layer obtained from the
acid hydrolysate of the DNP.tunny fish
insulin

T : from DNP-tunny fish insulin, Leu:
DNP. leucine, Ileu : DNP.isoleucine
Solvent : n-Butanol-Isoamyl alcohol-Etha.
nol-pH 11.25 buffer (consists of dibasic-
sodium phosphate and sodium hydroxide)
{30 :30:11:45)
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acids in the water layer obtained from the
acid hydrolysates of DNP-insulins

W:from DNP.whale insulin, T : from DNP.
tunny fish insulin, £-Lys : DNP-¢-lysine
Solvent:n-Butanol-Iscamyl alcohol-Ethanol.
pH 5.05 buffer (consists of potassium bi-
phthalate and sodium hydroxide) {30 :30:
11:43)

amino acids obtained from the acid
hydrolysate of DNP-tunny fish insulin
TE : DNP-amino acids in the ether layer
obtained from the acid hydrolysate of
DNP-tunny fish insulin, TW : DNP-amino
acids in the water layer obtained from
the acid hydrolysate fo DNP-tunny fish
insulin, Leu : DNP-leucine, Phe : DNP-
phenylalanine, Gly : DNP-glycine, DNA:
2,4.dinitroaniline, DNP : 2,4-.dinitro-
phenol, €-Lys : DNP-¢-lysine

Solvent : n - Butanol - Isoamyl alcohol
-Ethanol-pH 5.05 buffer (consists of
potassium  biphthalate and  sodium
hydroxide) (30:30:11:45)
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Summary

On applying DNP.amino acids in ether layer obtained from the acid hydrolysates of DNP.insulin
to the paper chromatography, 2,4-dinitrophenol, 2,4-dinitroaniline, DNP-glycine and DNP-phenyl-
alanine were found in the case of whale insulin, and 2, 4-dinitrophenol, 2, 4-dinitroaniline, DNP-glycine,
DNP-alanine and DNP-leucine were found in the case of bonito fish insulin as described in our pre-
vious report5) , while 2,4-dinitrophenol, 2,4-dinitroaniline, DNP-glycine, DNP-phenylalanine and DNP-
leucine were found in the case of tunny fish insulin (Exp.3-1~2,Fig.1~2).

As for the water layer, the two insulins had two spots, one was DNP-¢-lysine, and the other,
2, 4-dinitrophenol (Exp.3-3,Fig.3).

As the N-terminal residues of tunny fish insulin of about 902, purity, Gly, Phe and Leu were
found in our experiment.

Received June 30, 1959
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On the Nitrogen Terminal End-Groups of Cryst. TA

by 2, 4-Dinitrophenyl Method.

Kakuma Nacasawa and Sasao NisuI1zaxr
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SEIHE VI F<rn, £ vea) vhrbi20E oFig 1 i XTkesdio Cryst. TA 2458 LTz,
TOERERLIZEA LB bR -7 (EER1, Fig 188, o Cryst. TA LRSS EAS vvay
VEHIBEDE LS TR LASER LFIA T oI EE TR L pH7. 3~6.3 0 X452 80 7ch’, 04 AL
{114, du/mg T AUTEBID BF L e iBE r U268 ORI 729, 22u/mg 4 O % 10025 & %
BT 20b0THS (EHR2BMA). TR, 52 THECHEARREMC 3 M EET 2, 4-dinitro-
phenyl {f (LIF DNP fL 43 5) Lichd (ERIBM) 25525, 20 L ERGC T 7 A hAHA L, IEL
T110°C 5 Ffi] 6 N #ER TR SR L, £ 0ok Bk = — 7 VER T LKERYmE ST, Fifze< b
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VYA Y VIRIEETBN, b0 25T 7cioD Ser, Asp il Cryst. TAWRDIFETS. Lichi-T Cryst. TA

* gmabEuIMEAIR, 77, 203 (1959),
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Fig.2. The paper chromatogram of DNP-amino acids obtained from the acid hydrolysates
of the DNP-tunny fish insulin and the DNP.Cryst. TA .
DNP:2, 4-dinitrophenol, TE : DNP-amino acids in the ether layer obtained from the
acid hydrolysate of DNP-tunny fish insulin, TW : DNP-amino acids in the water layer
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in the ether layer obtained from the acid hydrolysate of DNP-Cryst. TA, CTAW : DNP-
amino acids in the water layer obtained from the acid hydrolysate of DNP-Cryst. TA
Solvent: n-Butanol-Isoamyl alcohol-Ethanol-pH 5.05 buffer (consists of potassium
biphthalate and sodium hydroxide) [30:30:11:45}
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Fig.3. The paper chromatogram of DNP-.amino acids in the ether layer obtained from
the acid hydrolysate of the DNP-Cryst.TA
Leu:DNP-leucine, Glu:DNP-glutamic acid, Ser:DNP-serine, Cys:di-DNP-cystine,
Asp:DNP.aspartic acid, Phe:DNP.phenylalanine, Gly:DNP-glycine, CTA : from DNP-Cryst.TA
Solvent: n-Butanol.Isoamyl alcohol.Ethanol-pH 5.05 buffer (consists of potassium
biphthalate and sodium hydroxide)(30:30:11:45)

LE: 5-3 Fig. 3 DU LFHO AL » 1L DNP-Asp 35X 1¢ DNP-Ser #¥iEXh7#=DT 2,4-dinitro-
aniline, 2, 4.dinitrophenol, DNP-Leu, DNP-Phe, DNP-Gly, DNP-Ser %; X ¢° DNP-Asp #%{fd: LC PPC

Pl ots. FDO_R—~,22u~< bt 25 n% Fig. 4imgt.



BIR, 0 : 4 v a Y v OB (85278) DNP i X % Cryst.TA o N. skpithic ow ¢ 213

1.0¢ Fig.4. The paper chromatogram of DNP-amino acids in
) the ether layer obtained from the acid hydroly-

0.9k O O sate of the DNP-Cryst.TA
i | CTA : from DNP-Cryst. TA, Leu: DNP-leucine, Gly:
DNP.glycine, Asp : DNP-aspartic acid, Ser : DNP-

0.8F
O O serine, Phe: DNP.phenylalanine, DNP:2, 4-dinitro-
0.7 _ phenol, DNA:2, 4-dinitroaniline
: O O Solvent:n-Butanol-Isoamyl alcohol-Ethanol. pH
' 5.05 buffer (consists of potassium biphthalate and
0.6 F . .
O O sodium hydroxide) (30:30:11:45]
0.5
0.4
0.3F

Rf values

O
0.2} | O O
O

DNP Phe
Gly Ser
Asp

b [N

1) EiRERE FUisesk « i34, 75, 95 (1957).

2) RRERE FEESESS - fidsRaR, 76, 213 (1958).

3) Staub, A, et al. :J. Biol. Chem., 214, 619 (1955).

4) ERHERR FEhgek, (RN, BIs L fid:RER, 76, 321 (1958).
5) RIRERE PGS « #idEdR, 77, 197 (1959).

6) RIREERE FEISHES « (AR, 77, 203 (1959).

7Y RIREERE, PEMYEEDC : R, T4, 179 (1956).

Summary

The N-terminal residues of amino acids of Cryst. TA were compared with those of tunny fish
insulin, reported in our previous report6),

On applying DNP-amino acids in ether layer obtained from the acid hydrolysates of DNP-tunny
fish insulin and DNP-Cryst. TA to the paper chromatography, 2, 4-dinitroaniline, 2, 4-dinitrophenol, DNP-
glycine, DNP-phenylalanine, DNP-leucine were found in the case of tunny fish insulin and were iden-
tical to our previous reportf), whereas, in the case of Cryst. TA, 2,4.dinitroaniline, 2, 4.dinitrophenol,
DNP-glycine, DNP-phenyalanine, DNP-leucine, DNP-serine and DNP.aspartic acid were found. (Exp.5-
1~3, Fig,1~4). As for the water layer, the both had two spots, one was DNP-¢.lysine and the other,
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2, 4-dinitrophenol (Exp. 5-1). As a result, the authors would suggest that, Cryst. TA has five N.terminal
residues, glycine, phenylalanine and leucine, which exist in tunny fish insulin, serine and aspartic

acid, whichdo not exist.
Received June 30, 1959
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Pharmaceutical and Chemical Studies of Insulin. XXVI.

On the Amino Acid Composition and the Nitrogen Terminal End-Groups of

the Inactive Protein Precipitated at pH 8 from Bonito Fish Stannius Corpuscle.

Kakuma Nacasawa and Sasao NisHIZAKY

¥F XN EEE LD

1)
HEBISUFNCRNTH YA - 4 v ¥ a Y VORISR sS % pH 8 OREEHEMC O X iRtk
=HRe e, i PH 2.2 Ot —Hilk s ¥ v AFEEGETERPce e 7 VEICENT L REILS € Y v AT
T IS LRI, LbEOKEMESLY Y - A v ) v D MnZ 223G L, ¥E551
WISHED R WTH VA - A V2 Y VORGIRT 2 VEEONMEE ~2w, v, 72504 vy a) vEMEKL
TEHEL, XLRESBEDCHNTHAYF - 4 v 2y vONSKEEES, Gly, Ala 5107 Leu O 3HifET5 &
LEFE L. SEEHDEA Y - 4 v a ) vORGITNSEIT S WhY 5 pHE OfiERHE vt - 4
VooV Ve OEER NS0, PH 8 ORI OHENIIK SR 2TV 2 KGF#H 2 v =} 275 7 21 12 X DR
7 3 RO, % XRS5k~ F DNP i & b N-SRidE o Mdd L ke,

% v 4 0 Stannius /MEMS A ¥ & 2 Y v ORISR 3375 pH 8 OB T CET L, FERgHE
WEOFPERINR 7 3 7 BOMH R BT ARk L, 7BY OFE LS, 4-dinitrophenyl {b, (BIF DNP 4t & B4-3
%) L, NoRmEARTREee Uie CGEER1 20D,

BEEL7 ¢ 7 IBOmMEIRRT 510, RNEBEIRGRL 2ZRIEFK 7 v~ 2771 (BT PPC 2 143%)
2V, EHRRISHOAE » P AT 3 2 RO AR » P L HEEL, FREROAHK y +OT
P EAMETLELLEERLOWMIRINIBMOA VA - A v Y vOThL LTS L E, Arg Lysk
Tof His @ AL v F280<, RO E i LIEDOAMN » P 2{1icsi, Phe dA A » MIIAC vt A %
o FnBITHEETD S LA CE I ot (5352, 3, Fig.1,Table1 £73).

F PN SRMEZ L2l A UHRA Rz X b DNP {LL, ZoDNPEIIo 5 uiii ok s Ry = —
FOUEBAOKT L RV S G ot = —~ T AT E bW T i, PPC 2fikd t&=—- 72T
{IDNP-7 3 /[l cE ¥, T Mc 2, 4-dinitrophenol O 2 A fis 0 TS X e b » fo. — 5 KIS s
=it DNP.e-Lys ® AR » F Oi2A RE=0.15 nic 1{HOMEEO AR » PRI chi** Zhici235 DNP -
73 BT E ok, S LIRIBH NIRRT OW-T Y PPC OffUL 5 WM S EROM& & 424
AU Th o7 (R 4,528, :

Lot o THE BIEPH 8 OMIESME P v+ - 4 v &2 Y v I LT DI T ¢ 7 fuz Arg, Lys s L OF His
DEBBIGHENAE {, foi phe OAE y P RUILARMRIL S Righ - e D TEDOFFELEDL L. 1o N2

ifa

Ll LTiEF ODNPEAE &5 v 4 LR USIERALE, 35 X U738 SRR Uic b oieo W Ch il LiS7aa

* EERTHNREIAAIR, 77, 209 (1959).
wx Bvd, = reklUMAIOA vy ) vOREL, ERRENBELESLL LTI RE {H#TRK
WEOAXy rHbRLAZ LS.
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57D T N-AREEL & b TRl LI STl Tidisvy 2 L HEET 5.
¥ D IARBIEEDO R iR S Rl HARR bR A ST I e 1T 5.

9 B o i

SR 2TV v AL SHB LB AT L 0.

5 1 pH8 oS0 s 300 mgi e ), N/W0HKT:6 co ki vw 7 r YEPIIZAR, STHic
N/100S 287 L 4°C 0B B TC2BRER L. 20k ¥te 7 v v FNICIITHEANED L EDTc. O
AR L, TEOFREIL AL MY v AT CH PHBIZWNIL, TIbhicEDE 7Y, =~F TR
25855, C 8 Dy o

RER 2 HIRMKSER : SER LIZ X DETB LICH A0 mer & b, 12N S cor M Sy 7 ABHC
110~115° DA ANISHINE S, MK Ui, MASRE/NERINCE L, KiG L7352 s iR
L, CFBIEGHIRLIR .

2 3 Bk PPC : 935 2 o R R HIFEFHE No. 51(40 X 40cm) ¢ 2 RIE PPC L i7ic » 7. 17"
o —ncETRk=4:1:5CEML, 2Fi80%7 =/ ~ACEE L. BH#E2%-=2ve Py v.-7'x
)~ AEERATE L, 000 AIMBR LI G L., F0~ru< 5 a%k Fig Lind.

v v - v v v v - LO(RI)
4 0.9

! Jos
O 4 0.7
) Jos
QD) fos
e}

o) o4
3 5 6 4
Ooé Q exli

- Q IR

13 W 012-0.1

Butanol -AcOH-H,0 (4:1:5) —

O

1.0 0.9 08 0.7 06 05 04 03 0.2 0.1
(RI)

~— 807, -phenol

Fig. 1. The paper chromatogram of the acid hydrolysate of inactive protein precipitated
at pH 8 from the bonito fish Stannius Corpuscle
Numbers of the spots show the spot No. in the first column in the Table 1.
Fig. 1 oo HEBIND 7 1 VBB IUZOAE y Y OMEMIBPOHI YA - A vva ) vV L HERL
7o, xS Table 1R,

Table 1. Comparison of the amino acids from the inactive protein and the bonito fish insulin

Spot No. prler:::itgggtt??grgttes{ 8 E Bonito fish insulin
Amino acid l Strength of spot i Strength of spot
1 Leu, Ileu | 4 | RIS
2 Val e i e
3 Pro i -+ e
S
5 Ala f ot 1 e
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PH 8 D) ic B M DEL 7 § 7 TROFIH s X OF N-SRmBHe DT

Spot No pll'gégilt‘;i e%rgieglﬂ 8 Bonito fish insulin

Amino acid Strength of spot Strength of spot

6 Thr + ++

7 Gly - + -+

8 Ser ++ ++

9 Glu ++ 4+ +++

10 Asp + -+ +

11 unknown + -+ —

12 Cys + +

13 His +++ +

14 Arg : +++ +'

15 Lys +++ +
Phe 9 4+

LEE 4 R 1 OFEYo DNPAE : B 1 2RV LEBEEOFE 2 cok b Y kST 1V v 2 5% %
ik T pH 813835, z iz 1-fluoro-2, 4.-dinitrobenzene 0.2 cc 47 N 22 — A%5¥E 4 cc 2% 3 BERHRS
52-¢ DNP {k% /s - %o, BUS L7z DNP {eigRIoi @ik, 74 a2 -k X = —F 4Gk {TEWIRER
LT (W& 50 me),

B 5 EIKSRE L0ED PPC: (R)F25 0 v + 0li4 & Ak DNP (L4757 20 mgi & b, 6NHER
2 cofix % 7 AHYEFRC 5 B 110° KGR L, HFk =~ 7 AR TS X OB S fant, =—
FARFUNLE b TORETCH 1. 2 b0 PPC 2iii\, FD<—str w25 n% Fig. 21254,

1.0p .
Fig.2. The paper chromatogram of DNP.amino acids
0.9F obtained from the acid hydrolysate of the
DNP. inactive protein precipitated at pH 8 from
081 the bonito fish Stannius Corpuscle
0.7F E:DNP-amino acids in the ether layer, W:DNP-
amino acids inthe water layer, DNP:2, 4.dinitro-
0.6 1 Qo . phenol, His : di-DNP-histidine, ¢-Lys : DNP-e-
o5t e lysine
. Solvent:n-Butanol-Iscamyl alcohol-Ethanol: pH
0.4F O 5.05 buffer (consists of potassium biphthalate
0.3} and sodium hydroxide) [30:30:11:45)
0o
E 0.2}
- o
R
v - 3 Y —t

DNP E ‘His W &Lys
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(b) )DEEE LRGSR E OITI8FTcw, ) L RMCIRE LI, £O_—27u< 277 Mk
Fig. 2 L & FULTH »7=.

X 2N

1) EIREERE, TEESEER - £33, 76, 221 (1958).
2) RIREEAY ANk fidRE 74, 179 (1956).
3) RIRERE FMREER - B4R, 77, 197 (1959).

Summary

The amino acid composition and the nitrogen terminal end-groups of the inactive protein precipi-
tated at pH 8 from the bonito Stannius Corpuscle were studied.

In comparing the amino acid composition of the inactive protein with that of the bonito fish insulin by
the two dimensional paper chromatography, it was found that the spots of histidine, arginine and lysine
were larger, and the existence of phenylalanine ere doubtful.

The nitrogen terminal end-groups of the inactive protein was studied by the DNP method described
in our previous report3), and any DNP-animo acids could not be found.

Received June 30, 1959
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Pharmaceutical and Chemical Studies of Insulin. XXIX.

On the Carboxyl Terminal End-Groups of Ox, Whale, Bonito Fish (Katsuwonnus

vagans) and Tunny Fish (Thynnus alalunga) Insulins by Hydrazinolysis.

Sasao NisHIZAKI

FANEEET LD

Avea ) vOCSRIRT  7BROSHEETAEERM A L5010, Th Lok bLTLE—FHLT
7o\, f2iF Lens |3 Carboxypeptidase $iiz. k b Ala (1~3)D, Framageot 5t LiAlH, 5o X b Ala(2),
Gly (2), Asp (NH,) (2)2.®, Chibnall x Rees 1 LiBH, .k b Ala (2),Gly (1), Asp (NHp)(2), Leu
(K1H4%, Harris & Li |t Carboxypeptidase $iz & b Ala, Asp (NH,)6), Waley L Watson ¥ Thiohydan-
toin iz kb Ala LIELTW3D,

Sanger BI~VIMNIY Y OFEEEA v a Y vERIZUD, HA4 OWATHHOHMEB LIcA vy vOIERT 3 7B
OEFIEF 2B LI, ThbDA vva YV voC-FT § VBRI WThd Ala & Asp(NH.) 0 2 CTh%
AL ol —HRELIRE FI O vHRBREL X Y CSE T VBRSSPI L, v o OHIED Gly, Ala,
F v ADEEIOLys, Gly (Ala) L#LT\W5,

P 253719 12 35\~ C 2, 4-dinitrophenyl {f, (LN DNP {2 i%3%) Bk b o o R X027 £ 5 DFadhA
VUa Y VEHBLELTAYF A va ) v N- Fdhd, #2680 sl v ry<re - fvyva)
v N- SRR 54T Lichs, v B X0 2 © 5 04 Gly & Phe #45-C Sanger b O3 U7-N -RF3E 2 —3
Lichs, 7y A0EILGly, Alaks XU Leu » 38, <7 w41k Gly, Phe s X0f Leu » 3fi%85 2 &
G L. SESRELOe FIPvHRBEID RI VY Y RBIV 7270 HM v a ) v C- gty s
B L, Sanger 5,04 X & —B3 5 = & B, DWTH25, 64N EBUS Y ABIVE vF <
BDA VY2 Y YORBHL DWW T C-RBEX G Lico THRE 3%,

Pl IR Y o TEEKe F 7 2oy (B 96.0%) (ERRL1BIR) 2w, v, 2795, 2
VABIOEVFHF =S e - 4 vy ) vORE 0 mg okl b V72 vARINER [ 1D X b DNP.C-3§
h7 S B R i (S22, Table 1 ).

527A 21 X - C187: DNP- 7 3 /g2 X A UEBEC X WPk 7w <1257 ¢+ (BIT PPC 2 w5¢
) kG5 E, vy, 70FOBAEWTRE IFEOIBEAR y bR, ThH0 5 L RE OITHEIED AH
» NI DNP-Ala & L < —F L, Rf 0.53 ffiED A4 » MIXHE A1 2, 4-dinitrophenol & ¥ ¢
— D, CHB2EOAKRY FOITHRE 0.65 D A A » RS, iRz fAv7z DNP-Gly o=
£y NIRRT E R o kDT, FELOHE Lz Gly 1k COUiicFELRVW L HEBE L (B3 -1
~2 ,Fig. 1200, ¥HIYTAS-20HBO—Fx L h, BifL 6 NERTIKSRL =~ 7V INST LI
S LUIER 3 - 2 ORI X ERT PPC 4775 » 7okE 8L, MURZEEHIOFFNIIEA S - 2 L & FAUREERE s, M
ISR DRENE RE 0,65 BHEO A4 v Mdils oh-d, BIic RE 0.04 #HIds XUV REO 1L FGEIC A2 » Mok

* EE2BY RN AR, 77,215 (1959),
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HL, Zhbid@Bic vtz DNP-Asp 35 X 1 DNP-Glu L X {—FL, ThHDAXy P DIRJXFIHOHAMN
BHCHUESHEEWE LB ic(82E23-3, Fig. 22M), e V3o vMELXTRIELE, thb2finA
F oy MBEROE THOTFHCEETIHARIUR 7 I FORTCC- AR T I GROZAERIND Z L 43
HIHRTWBID, LichloT Sanger HOBET INEDFHTHEEOED Glu il 4 5FHFEL, Asp iTXT
7 I YOBLY LS, L EomEIHEER3-31C X » TiFbivic DNP-Asp (XC- AR HFET S Asp(NH:) 1 53
F, DNP-Glu 35 FHOERED Glud ST ig S il bigy.

— KBV F, v TR O ENLOE ¥ O vaEnn PPC 21/t » ket i, » v+ 0434 DNP-Asp,
f4iz. DNP.Gly, DNP.Ala if$3ff, di-DNP.Orn#*, 2,4-dinitrophenol, ¥, 77 0#i& L @MU Rf fii%R
THRYIDAAE » 9% 33 XL UENT 2, 4-dinitrophenylhydrazines ¢ DA E » %12, =27 wDHEMic DNP-.
Asp, iz DNP-Gly, DNP-Thr, DNP-Ala jffiff, di-DNP-Orn, 2, 4.dinitrophenol, ¥ #+ 034 & B LAY D
A#X v b XU 2,4-dinitrophenylhydrazine #4371z (92Er3 - 4, Fig. 323),

SRS - 4 nFE kv oo s L2 RNk S B Ticw PPC TR L &, Y D44, DNP-
Asp, DNP-Glu, iz DNP-Ser ¢ DNP-Gly, DNP-Thr, di-DNP-Orn, 2,4-dinitrophenol 35 X ¢¥ 2, 4-dinitro-
phenylhydrazine %1%, ~7 woili4, DNP-Asp, DNP-Glu, fiiz DNP.-Ser } DNP.Gly, DNP.Thr, di-
DNP.Orn, 2,4-dinitrophenol s} ¢F 2,4-dinitrophenylhydrazine Z-48%7: ($2E23 -5, Figd =M0).

vy, 797, avFrEIU= eGSR EORSvRBCPPC2ITid L ¥, v, 7250
4 <FEL{ DNP-Asp, DNP-Glu, DNP-Ala 5 XU 2,4-dinitrophenol 4{Ho A4 5 F&ZRMIchs, HY
4, =2 wOH4E DNP-Asp, DNP.Glu, iz DNP.Ser 3 DNP.Gly, DNP-Thr, di-DNP-Orn, 2,4-di-
nitrophenol 35 L 7% 2, 4-dinitrophenylhydrazine d A ¥ » + 2§27 ($EL3 -6, Fig5&R).

Efeh VA, /v OonTO 2EAROKRR (BNo.2, TNo.2) k052 hELen1EE LR
L AR UER RS, ToMKSE R I Y4, <27 vk dic DNP-Asp, DNP-Glu, iz DNP-Gly &
DNP-Ser, DNP-Thr, di-DNP-Orn, 2,4-dinitrophenol 33} 7 2, 4-dinitrophenylhydrazine »{57: (52§23 -
6, Fig. 6 &),

FHIERYe PPC 2 %Al DR L2t h 5o E Aol e R o t oo b I h ot oz Ri
X530k, chriE—ofERE LT, TOERRI Y4, =2/ ellkWTE, vy, ZC708AYD
LARFELWHERYR L.

Ly v (0), 7035 (W), 3y (BNo.l, BNo.2) X 08~=2u (TNo.1, TNo.2) oiE2BIENT
HEgTHLE, D¥ORRAEES.

eV SURERRZY b RLD L v a )V v CSREY s VB T5 L &,

1) voBIVZYFDFEMEA vy a Y v Al 2R L, {icSanger 05 X 5ifiER4 5 Asp(NHy)
COFEYHEELL, TBRERICEbDTHW Ser, Gly OAXy» ¢2EHbILAZ L1355,

2) BVAAva) vTEH- Ser, Gly %l Thbiivy, 2707 OHAITELLRMmuN, it
@ DNP-Asp, DNP.Glu, DNP-Thr, di-DNP-Orn, 2, 4-dinitrophenol, 2, 4.dinitrophenylhydrazine {2tk Uh»
BhEEL, vy, 2O ENCEICRHINI b e P2 O v REKIC I DEPERE LTE U T

* ZDAF vy b0 RE (i3 DNP-Ala » di-DNP-Lys & OHEICEIT5, BEEHO Argiie ¥ 72 v
Rz X b di-DNP-Orn 245035 & O35 2355538,  FREEIZ X b Orn © DNP (L% 17/
WEEBERSAREEIZ X b mp 202° ¥ EHFIRE . = ORI Raol®) Lo L jc mp 156~
157° L 325235 %5 53 PPC L1 (HO AR » + 2280 %D RE (it L { —FT5DC di -DNP- Orn
ThDH S LR L. ‘

** ZOARy Mk di-DNP-Asp-3-Hydrazide ¥ foi3, di-DNP-Glu-q-Hydrazide :3E@ans ki,
SFIATE : mEFUEEE V. 255),

# * *2, 4.dinitrophenylhydrazine ¢ Rf (i} 2, 4-dinitroaniline M FHIZHEL A%, HIFHER A 5 b OEIEM
BARTHIICL, EHEIMATHHITDEFTED, BI040 2,4-dinitrophenylhydrazine
DERIALIDBPEIC T LK,
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CvFH=ru . £ va ) voC-EBEIZ oW

A0 rExBh. AlaiREbn T ARy P XEH L, di-DNP-Lys (X 2, 4-dinitrophenol * £ Rf ffil-"i»
/& < 2,4-dinitrophenol #HigE* oW T /st 2, 4-dinitrophenol DMHFIZ AR » F %25
Zrhibo 7‘:53 G, it di-DNP-Lys %> 2, 4-dinitrophenol OIS EAIMIE CE b oz, Lichi =T Ala,
Lys OFfZEIREE L\, $p LA DNP-Ala ¥ DNP-.Lys, DNP-Gly . DNP-Ala » Ofifiic A+ v 28D D
T EMREWOTE, TG 2HOAHR y MR AV i di-DNP-Orn, DNP-Thr & %20 Rf iR X {—FT5
72 Arg k. Thr OFFEET 5 AIREMEM X b Tili W2 B2 B, .

3) wre . fvva ) VEBILTIORICH v+ OE LI & A ER UHR 2R sk 5540 Asp
L Nol, No2 ¢ R0 RLIE., v AOBARL, Thr 0FEREHLD TG LHL
5.

4 gHDhlOMEED Asp & Glu 3 XU C-R#D Asp(NHp) . Glu (NHL Xk 3853 C Asp, Gluk
5. 0 Asp/Glu DHHIIY &, 75 OHA Sanger SOEHI LIUL /4 Ll hFHOBR LB LThbO
AFy POMEL XLILAT S, 2V AOHEG Asp & Glu LIUFLAYBUBMSERL, v/ v OE4L Asp O A
Hy PR GlUDTRI VSN v, 2P F70HEOTR LA BOEB R L., Z0Z Lixgiohi
D3RR Asp, Glu, C - Asp(NHy), Glu(NH,) izt FhoBiERM 2R T4 0 L UTEREE.

Flehvd, <2 edC- Kt 5Asp(NHy), Glu(NH:) OFAERC 0% Sk Lidiou.

5) 0.65HHED A v FESMAKSERIZ L bR biijse L, DNP-Asp, DNP-Glu DA » b 520252 &
PHERLOWTIY, EFRREHOBEE LD LS.

6) HvF, = wOHED 2, 4-dinitrophenylhydrazine 3w <, 272 F LIS, (B EEERS -
8, Table2 £88).

T 1) 5525, 6 THY ABLV s v - [ vva ) VESHED NRKIR7 ¢ VAL, Lrdthd
DAFEy FIUTLALFALIBI** Th o702 LT, BECEETATMESIZI 230 TRV TEHA 5 .2ES
BT X b < kb 3ImOFICIRD 2 22D, 3) C-5kfik LT Arg, Thr % 0i34 Asp, Asp (NHp), Glu(N
Hy) 7 EhErbhnds, v, 725504 vyaV vEBLLOLE LT, RMKSERE NG Asp 235, bl
B Eixde b LD C- R0 Asp OFELFERT S IO TS D, HEHIKOWTL Asp (NH) 0F
ExEELic., HEOEBHCIIIYARIVIvDA vy a ) v, b2 Sanger &0 LR E)
Bori (TRER) L@ :, 4RKOHOIH2HNTLAEHET, BOo2RIECHEEORLSIO
Th»H 5 LHEEL, ILRSEORHYTS.

NKf7 < /18 CoFm7 < /@

Z:? IVF =S e Zji BV <
Phe Ala Phe Ala Arg Arg
Gly Gly Gly | Asp(NHz) Asp(NH;) Asp(NH,)
Gly Gly Gly 1 Asp(NH;) Asp(NH:) Asp(NHjp)
Phe Leu Leu I I Ala Thr Thr

2 DFRESKITHI YA - <2 eDAL v a Y VOEBENT A VI X 52 12, 3 LU5EY
BRI X DS/ SEDOSID 5 b 1 RMNT A7 YYERENZ 21320, T I VBOSVZ LB LD,
5) Tyr OFENRY Y, 7P TDBAFAFFRIL, »VF, <7 rOBRE3FFD THAHS IgE DT LHTHR
hs.,

AR IS LR IA R Ao iR e L IR 2 5 - SRR R RINER LR T5 . L AR TR
FHEBI I IO I PR B B DR E R T5.

* 2, 4.dinitrophenol |THIHIC Y DI LA EIRETEBH )20,
* *  Sanger O kiUl Z OF4: Gt DNP-Gly olit#3 DNP-Leu, DNP-Phe, DNP-Ala D#)eE:
ThHBHEVS,
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4 EN ot
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TR BILT TS, 637 FH AR TH S,

LB | ke FIovollE:80% e FF3 Y ve F7—150gaeh, baxu500g AKS0g RS
L. #R LT 1 nmnti S i kEd b v v o A5FRHIL, SHHIMM LI OLHERI LI, 93~0PC i
SO TR 1cc FORAT v 7 AMcHF LIERSi LT, Zofke FF 2 v& 7Y b 2 b U CHEEZPEL
96. 0% % {37 C DEFEDIKE V7 ¥ viZFTESHHTE D v 518,

EB2 vy, 70T, AVARIVNTIR A VYY) YO VIO VAR ThEROKE 0 mg LD
Table 1 {Rm T Lichi =T F 7 2 virEe iy, DNP-C- #3857 ¢ 7 Eixi3i. L oifi% Tablel
R,

Table 1. Procedure of hydrazinolysis of insulin
insulin 30 mg

Add 0.5 cc of NoH. and heat at 100°C for 6 hrs. Remove N:H; (in
desiccator over sulfuric acid for 24 hrs).

Add 0.3 cc/ethanol 20 cc of 2,4-dinitro, 1-fluorobenzene, Stir for
2 hrs in a dark room,

Add 50 cc of water and then adjusted to pH 1.0 with 2N HCIL
Separate with EtOAc,30x2,20x2,10 cc,

. |
Aq. EtOAc
2 9;NaHCO,,

| 100,60x%2,30x3 cc

I !
Aq. EtOAc

! EtOAc, 50,30 cc

|
Aq. EtOAc
| 2 2,NaHCO,,50,30,20 cc

| |
Aq. EtOAc

|
2N HC1, pH 1.0

EtOAc,50,30,20 cc

[
Aq. EtOAc
Remove in vacuo

DXNP.amino acids

Bl A Y b= 2w QP EH OSNSEATR—T L o O TN O RERD Be 2 B 08E
Lot B VA0S BNo. 1, BNo.2, < w0l TNo.1, TNo.2 LFi¥%Z Litd2.
25 3-1 Y2 OREBS XU TN OO GEIOPPC : ¥R 212 X » Tije DNP- 7 3 7 B2 Y2550

LA A UHETPHS. 00DE kL v o L DR LI, R I bOFRERTONHI 2ec LNk,
100°C OGN TORHEITEEIL, hE=— T AN LRI oW T R PPC 2 fFig o 7.
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RE 32 v,

2 25 OHMEDEER 2 0ROV,

DNP.-Ala,

DNP-Asp, DNP-Gly s X ¢ 2,4-di-

nitrophenol %3t L LT PPC #fT/c-tc. £D_—227w= } 5 &% Fig. 11R3T.

6% 3-3 IR -20-—{RExIMAL L, IRAEFERS - 1 ON B CHIRIR S B AT,

=—FNFADE

FERe T PPC 2f5fr ote. FOR—~227w= 273 5% Fig. 21073,

—_—

Rf values

—

Rf values

Log

0.9}

0.8

0.7

0.6

0.5F-

0.4}

0.3

0.2

0.1Fr

10§

0.9

0.8

0.7

0.6

0.5

0.4

0.3}

0.2

0.1

Ala DNP
Asp Gly

000
00O

O 0
O o
Ala O O’ DNP
Asp Glu

Ala
Asp

DNP

ORONG)

O OO0

O

Ala
Asp

W

O o

O
w’

DNP
Glu

Fig. 1. The paper chromatograms of DNP.
amino acids obtained from the hydrazinoly-
sates (see Table 1) of ox (O) and whale
(W) insulins
O : DNP-amino acids from ox insulin,‘
W : DNP-amino acids from whale insnlin,
Asp : DNP-aspartic acid, Ala: DNP.alanine,
Gly : DNP-.glycine, DNP:2, 4-dinitrophenol
Solvent:n-Butanol -Iscamyl alcohol -Ethanol
-pH 5.05 buffer (consists of potassium
biphthalate and sodium hydroxide)

(30 :30: 11 : 45)

Fig. 2. The paper chromatograms of DNP-
amino acids obtained from the acid hydro-
lysates of (O) and (W) shown in Fig.1
O,W : see Fig. 1
O’ : after hydrolysis of O
W : after hydrolysis of W
Asp : DNP.aspartic acid, Glu : DNP-gluta.
mic acid, Ala: DNP.alanine, DNP :2,4-
dinitrophenol
Solvent: n-Butanol-Isoamyl alcohol - Ethanol
.pH 5.05 buffer (consists of potassium
biphthalate and sodium hydroxide)
{30:30:11:45]
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=88 3-4 BNo.1,TNo.1 o3#Hco\~TC DNP-Thr, DNP-Ala, di-DNP.Orn 35} t° di-DNP-Lys % xiid L
LT PPC & fficots., TD_=s227u= 23 n% Fig. 31TR7T.

LE% 3-5 HER 3 - 412isi} 5 BNo. 1, TNo. 1DHBESIIK DB L 1T\, =~ T VEANOETERT 2T di-DNP
Orn, DNP-Ala, DNP-Thr 3s X ¥ di-DNP.Lys #x{lHx L€ PPC »fiitofc. TDOR—2uww 27 2%
Fig. 4\2R”3. |

1.0 F
0.9
0.8 Fig. 3. The paper chromatogram of DNP.amino
) acids obtained from the hydrazinolysates (see
0.7} O O Table 1) of bonito fish and tunny fish insulins
B : DNP-amino acids from bonito fish insulin,
0.6F T : DNP-amino acids from tunny fish insulin,
D O O Ala : DNP .alanine, Orn : di. DNP -ornithine,
0.5F O o o Lys : di-DNP-lysine, Thr : DNP-threonine
O D O Solvent : n-Butanol-Isoamyl alcohol-Ethanol-pH
0.4 L 5.05 buffer (consists of potassium biphthalate
O O and sodium hydroxide) [30:30:11 :45)
0.3F
v
@
£l T e
= 0.2F EUNCI
= 01}
"-\l
| I A Q T V1
Ala Orn B T Lys Thr
1.0p

Fig. 4. The paper chromatogram of DNP-amino

0.8¢ acids obtained from the acid hydrolysates of
(B) and (T) shown in Fig. 3
0.7F B, T : see Fig. 3

B’ : after hydrolysis of B,
T/ : after hydrolysis of T
Lys, Ala, Orn, Thr : see Fig. 3

O Solvent : n-Butanol-Isoamyl alcohl-Ethanol.pH
5.05 buffer (consists of potassium biphthalate
and sodium hydroxide) (30 :30 : 11 : 45]

0.6 }

O
¢

o o0

T 0.3F ::::.‘ O

3

]

> o1t O o

= o0

Orn Ala “ T’ Thr Lys

w
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28 3-6 |E3-5 1B A KA ERE D BNo.1, TNo. 1953 - 3BT A kS HED v v, 27V 7%
WL LR PPC 2t otc. £OR—n2rw< 75 6% Fig SRS,
£E& 3-7 BNo.2, TNo.2 OB MKSRE{Ticw, =—F MENOEITY DT di-DNP-Lys, DNP.Ala,
di-DNP-Orn 35 1 OF DNP-Thr #3#fd % LT PPC &f5lcote. £D_—s7 v < b7 5% Fig. 6 12mT.
l1.or

0.9} o

Fig. 5. The paper chromatogram of DNP-amino acids

0.8 obtained from the acid hydrolysates of hydrazinoly-
sates of ox, whale, bonito fish and tunny fish
0.7F insulins
O’ : from ox insulin, W’ : from whale insulin, B’ :
0.6¢ O O O O from bonito fish insulin, T” : from tunny fish insulin
Solvent : n-Butanol-Iscamy!l alcohol - Ethanol - pH

0.5F
A 5.05 buffer (consists of potassium biphthalate and

OO sodium hydroxide) (30 : 30 : 11 : 45)

0.4} O O
0.3} OO

Rf values —>

0.2} 7 ogn
vif O o 00O
| © O 0o
. W’ ’ ’ ’
1.0y T B 0]
sl OO
0.8}
Fig. 6. The paper chromatogram of DNP-.amino acids
0.7F obtained from the acid hydrolysates of hydrazinoly-
sates of bonito fish and tunny fish insulin in Exp.
0.6 F . 3.7
O O O B’, T/ : see Fig. 5
0.5¢ Orn, Ala, Thr, Lys : see Fig. 3
O O O Solvent : n-Butanol-Iscamyl alcohol . Ethanol - pH
T 0.4 O 5.05 buffer (consists of potassium biphthalate and
O O O sodium hydroxide) (30 : 30 : 11 : 45]
0.3F
0 .-
] ST
s 0.2} 2 S
=
0.1} o O

Lys T B’ Orn
Ala Thr
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Table 2. Spots of DNP-amino acids obtained from the hydrazinolysis of insulins

Asp Glu Ser Gly Thr Ala Orn Lys DNP Unknown DNPH=#* *

———— _® | o005 010 018 02 030 040 045 052 055 065 0.9
W e = e & A
o e = e s
W B e =
W e T = S o
o I e s
0’ T S = o
B No.1 + - - -+ + - + -+t + £
T No.l B = e S = S
B No.1 T T S S o o S o
T No.1 d - . T S S =
B No.1 + - - - + - ++ + -
T No.1 - ES - - i o + - +++ = 4+t

B/ No.l ++ 4+ T + I
T/ No.1 tH+ o+ = 4 e
B No.2 + T R S
T No.2 F+ - = o+ o+ o+ 4+ = 4+ 4
B’ No.1 t+ A+ = o= - =+ = =
B/ No.2 4+ E E o+ 4+ 4+ o+ = 4
B No.l + - = - =+ =+t o+ -
B’ No.1 = o s S
B No.2 e e T
T/ No.2 T e S o S
B No.2 o+t = 4+ = = A =
T/ No.2 4+ + = -+ =
T/No.l | 44+ + = x A+ - = = ot
T/Noz | o444+ 4+ = = 4+~ -
B/’No.2 | 4+ +4+ 4+ = + - 4 = ++
T/No.2 | 44+ + + = 4+ -  + - = = 4t
0’ = T = e
W/ R = = S T =
B/ No.1 4+ = -+ -+ =
T/No.l | +++ + = - A+t - 4+ = 4+ - 4t
0’ e o o S -
W S v e T SO
B’ No.2 ++ ++ =+ - 4+ = it -ttt
T/ No. 2 SR S T S SR o o S o o

* see Fig.l~6

* % 2, 4.dinitrophenylhydrazine
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Summary

The C-terminal residues of amino acids of ox, whale, bonito and tunny fish insulin were studied by
the method of hydrazinolysis described by Akabori et al.

On applying DNP-amino acids obtained through the procedure of hydrazinolysis (see Table 1) to the
paper chromatography, three spots, DNP-Ala, 2, 4-dinitrophenol and unknown were found in the case of
ox and whale insulin, whereas DNP-Asp (seldom), DNP-Ser (faint), DNP-Gly (faint), DNP-Thr, DNP-Ala
(seldom), di-DNP-Orn, 2, 4-dinitrophenol, unknown and 2, 4-dinitrophenylhydrazide were found in the case
of bonito and tunny fish insulin.

In the hydrolysates of these hydrazinolysates, DNP-Asp, DNP-Glu, DNP-Ala and 2, 4-dinitrophenol
were found in the ox and whale insulin, DNP-Asp, DNP-Glu, DNP-Ser (faint), DNP-Gly (faint), DNP.
Thr, di-DNP-Orn, 2, 4-dinitrophenol and 2, 4-dinitrophenylhydrazide were found in bonito and tunny fish
insulin.

In the ox and whale insulin, Asp(NH,) and Ala were found as the C-terminal residues of amino
acids. This result agrees with Sanger’s report. In the bonito and tunny fish insulin, Arg and Thr were
found, but Asp(NH.) and Glu(NH,) could not be certainly confirmed.
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