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Abstract

The method of amino acid sequence determination from the C-terminal amino acid is pro-
posed and mass spectrometric identification of thiohydantoins described previously.

In this paper was discussed the fragmentation of thiohydantoin-ring by deutero substitution
and model tripeptide have been degraded through three stages each, with interpretable results.
The conditions employed in this method are mild enough for biological materials.

The main features of the method are the following.

1. Thiohydantoins were formed in a non-aqueous medium a mixture of acetic anhydride, a-
cetic acid and ammonium thiocyanate.

2. Mass sepectra of thiohydantoins derived from 20 amino acids were obtained with a mass
spectrometer, JEOL model JMS -06 H.

3. Cleavage of peptidyl thiohydantoin was made with an acidic from of a cation-exchange
resin. (Amberlite IR-120)

4. Separation of the cleaved thiohydantoin and the parent peptide less one amino acid moi-
ety was made by chromatography on a Sephadex G-10 columm.

5. The peptide fraction was concentrated by freezedrying.

6. Thiohydantoin derivative of carboxyl terminal amino acid residue was introduced with a

direct inlet probe in methano!l solution.
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Table 1. Results of Carboxyl-Terminal Degradations with Peptides

and Proteins of Known Structure.

Peptide or Protein Residues Identified as Carboxyl Terminal Method

Qx1d¥zed phenylalany! chain, bovine ala (1), lys (2)

insulin a), g)

Triptic peptide, residues 1-22 of the arg (12, glu(2)®, gly (3)», cySO;H (4)%, .

oxidized phenylalanine chain val (5)%, leu ()

: A ‘ 1

Res@ues 1 .16 of the oxidized phenyl try (1), leu (2), ala(3), glu() WEE

alanine chain, g)

Oxidized glycyl chain, insulin, g) asn (1), cySO:H (2), tyr (3)

Bovine pancreatic ribonuclease A val (1)®) ser (2)¥ ala (3)™ b : TLC
’ g) : HEE

Sperm whale myoglobin, c) gly (1)

Hen’s egg white lysozyme, d) leu (1) .= 21

Porcine glucagon thr (1)°) asn (2)#, met (3)® HEE

E. coli aspartate transcarbamylase .

catalytic subunit f) leu (1) il

E. coli aspartate transcarbamylase .

regulatory subunit f) asn (1) B

Glutathione, i) gly (1)

a) 1956 (1) b) 1963 (2) c) 1965(3) d) 1963 (4) e) 1957 (5) f) 1965(6) &) 1968 (7)

h) 1971 (8) i) 1930 (9)
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Fig. 1.
THIOHYDANTOIN METHOD
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Fig. 2.
Modification of TH Method
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Fig. 3. Substitution with deutero water
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Fig. 4. Fragmentation of thiohydantoin-ring
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Table 2. Identification of fragment peaks by deutero substitution

Chart m/e and relative %
No. glycine 116 117 118 88 89 90 59 60 61 62 ex. %
MT-1 TH-gly 100 5 5 17 4 6 18 24 — —
DMT-1 DTH-gly 9 37 5 13 31 92 42 24 38 54.7
Chart m/e and relative %
No. alanine 130 131 132 102 103 104 59 60 61 62 ex. %
MT-2 TH-ala 100 8 7 21 — 4 18 27 7 —
DMT-2 DTH-ala 7 41 4 16 40 17 61 33 43 66. 8
Chart m/e and relative %
No. valine 158 159 160 116 117 118 59 60 61 62 ex. %
MT-3 TH -val 8 4 100 9 6 10 20 — —
DMT-3 DTH-val 12 42 26 90 100 13 29 27 23 . 50.5
Chart m/e and relative % .
No. a-aba 144 145 146 116 117 118 59 60 61 62 ex. %
MT-22 5Et-TH 6 5 46 4 3 49 10 3 —
DMT-22 5Et-DTH 5 31 ] 95 11 38 36 13 39 37 47 69.1

a-a b a: g-amino butyric acid

2. Model tripeptide o ZREIFE

(1) 4% : phenylalényl glycyl alaninef'' 213 i@#
{bBamel oste] Mg,

#10g : sephadex G—10 (5#EHR)

amberlite IR—120 (4IEFA : #EHE1L)

Column: 1.0cmX13cm

BN - 50% CH,COOH

(2) =Ea :Aphenylalanyl glycyl alanine 6 mg (20 ¢
mole) o] %4+ 0.1ml, #kz A4k 0.9m! 3 NH,SCN
50mgg fnshed 40°C ol ki koA 4RsRE ot #Wi
o] REA AT WEBRGHE £ 2ml 9} amberlite
IR—120® EiEmils 42 mmsted 40° C o) ki koA
3K A= Hepelel bl WBBFEA AT il
50% 2AHS fsted 289 10m/ig 3t 2 F 0.5
ml (1 pmole) & Hdted 1ml/15mine] HE L 2 A
column chromatography & f7&ic}, % fractiong 1
m/ 4 18 fraction 7tz Hx3t % o},

& fractionol th3led R chromatographyof ¢}
4 Rk spectrum fBi:e] Cki# alanine thio-
hydantoin ¢] fraction =t #B#E3ske] methanol 0.2 ml
o BMAA BRSO BASI . Peptide 26

[J : Percentage of molecular peak

stusql BHC(tert-butyl hypochloride ) *® Bl frac-
tion & LGl 93t Bl thEel BRKHE
o Al& AR&-3heih

Azg Cxmona Jeh} i glycineo] oste]
Biat wheh Soal i Hbgol o)ste] YIHT 3o
£1%2] phenylalanine 7= EkRE-S HATsH o

# =

(1) &A% Bl 9slo} Fig 33 o] thiohydan-
toinIge] imino #¥e] kF7} BAKEA BE#solAc
I #Rsolch weba 5Fole peak & wl XA #
ol W2t ££° fragment peak ol = #L7} vie}
wieh, 3 w3l Table 29 2t

(2) TH - alanine 3} TH-valine oll dl3lo] wE5#EEE
BE Sl 8 MEsRe Table 33 e},

(3) Phenylalanyl glycyl alanine &} ZExyIk R A2
Az, 7+ Egpse)ch =)o} thiohydantoin amino
acid ¢ [ chromatography & =} Fig. 59 #th

E o] E2| methanol %2 AA WA oo
BisEdl BERSIHERE fraction (1), (2), (3)e] vietdl
L mass spectrum 3 Z-c},
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Table 3. High mass spectrometry of TH-alanine, TH-valine
TH -alanine
OBSD. CALCD. ERROR. Cl, Cl, HNOS
59. 9909 . 9907 + 0.1 1 0 21 01 CH,NS
60. 9984 . 9986 - 0.1 1 0 3101 CH,;NS
61.9882 . 9826 + 5.5 1 0 2 011 CH,0S
86. 0081 . 0064 + 1.7 3 0 4 1 01 C;H,NS
102. 0263 . 0251 + 1.1 3 0 6 2 01 C;Hg¢N,S
115. 9995 . 0044 — 4.8 3 0 4 211 C,H,H,08
130.0188 . 0200 - 1.2 4 0 6 2 11 C,H:N,0S
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TH ~valine
OBSD. CALCD. ERROR. Cl, Clg H N 0SS
56. 0092 . 0136 -~ 4.3 2 0 2110 C.H,NO
57.0170 . 0214 — 4.3 2 0 31 1 0 C,H;NO
59. 9911 . 9907 + 0.3 1 0 2101 CH,NS
60. 9986 . 9986 + 0.0 1 0 3101 CH;NS
.73.9996 . 0064 i -~ 6.8 2 0 4 1 01 C,H,NS
. 9938 + 5.7 1 0 2 201 - CH;N,S
86. 0073 . 0064 + 0.8 3 0 4 1 01 C,H,NS
98. 9767 . 9778 -~ 11 3 0 1111 C;HNOS
116. 0045 . 0044 + 0.0 3 0 4 211 C,H,N,0S8
158. 0506 . 0513 - 0.7 6 0 10 2 11 C.HON,O0S
} thiohydantoin 582} carbonyl %) #iEol 24 m/e
=88 o] 900 m/e=59, 60¢<] 60, 61, 62 2 wistsiq]
o o},
(2) Alanine thiohydantoin %:g8e) A4 = m/e= 130
010 o] 5Fol¢ peakr} 132 2 #al= AL u)Rslo @
0|0 ° $&ol methyl %71 #43% 2] 382 carbonyl % 7} MR
o |O O ° 3} m/e=102 2] frogment peak-} 1040 tielr} g}
o},
(3) Valine thiohydantoin z§i¥4gao] 719 m/e=158
° ° ° o] 5Tole peaks} 1600 vieht Qleh, =3 iso-
o propyl #7} B sle m/e=116 3} 118 o] base peak
________ .-e.._---._-- __-____o.-_____
I Rt

A : TH-alanine
B : TH -glycine
P : TH-phenylalanine

(1) : fraction (1)

(2) : fraction (2)

(3) : fraction (3)

Solvent system :

butyl acetate : n-heptane : formic acid=
5 : 4 : 1

Spot : U. V. positive

Fig. 5. TLC of sequential degradation
products of Phenylalanyl glycyl

alanine from the C-terminus.

£z %

(1) Glycine thiohydantoin ###89 7% BAkZEHR
o et 1, 3fre] imino B Kk} BAEER Bk
5]ojx 2mass 7} #@HF8 m/e=1180] 4F-o0]-& peak
7} vl 9le}, = fragment peak o= wishs} v}

(4) 5-ethyl-2- thiohydantoin #§:8fs2] 4% m/e=
144 9] 4rFol ¢ peak7} m/e=1460) veh} 9lon
B WBL ethyl %7} MR s 3+ TH-glycine 5
Rl 38}et,

(5) EWormgate] BB <4 thiohydantoin |
o B JEme 2 el m/e=59, 60 9] peak
© oFRezye CHNS 9 CH,NS qjo] msm=led
o}

ol 49 #HEZHE Fig. 4] yebdl uvisl 2L @R
Bt R

sk R~} methyl #£1 7495 A olstx 1A M7t
7} Woj# 1}7} e}-& thiohydantion 3§ B#82] carbonyl
#7} #Rslo] £ ez MERS HEn2 glycine
3} valine 8) 7} $ m/e=88, alanine 9] ¢+ mfe=
1020} fragment peak 7} Yeh 9ic}, ©h& thiohy-
dantoin 389} 5 fiioll HHE s BFErt #R sl mle=
749 ZHigo|l =w, ALeld ol ZEqlrle] ¥}
pEl sl m/e=60 = 59 9] fragment peakr} ¥.of
Acth
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The mass Spectra of Fraction (1), (2), (3)
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stEgol| 4] sephadex G—25(” ®t} sephadex G—10 o]
Exstgdon 1ml/15min o4 Z¥3 H#IE &
4 A

(7) Phenylalanyl glycyl alanine 2} %=k K #E ol
o) sted s oA &%l thiohydantoin amino acid
= %P8 chromatography lol¥ #$e] spot”} 1o
AR b el Bl ol HEoHe chart ol &

a) fraction(l)el 4= m/c=1303 1022 Y& al-
anine ] thiohydantoin %489 o] R = o)

b) fraction (2) ol 4} m/e=116 7 88 2 3¢ gly-
cine o] thiohydantoin #&#adS <& 4 UAAch

c) fraction(3) o) = m/e=206 8] 5Fo]-& peak
9} tropylinium o] 2-of Hi3k sl m/e=91 9] iyl
peak £ 3-8} phenylalanine ¢ thiohydantoin % ##8<]
o] HEREU

o} e #FZHE seskel peptide= phenylal-
anyl glycyl alanine o]9l& & & 4 Ao, ol
A}-43) tripeptide ¢ amino acid EFI} —BEe] W
etk

#® =

(1) ##%ql thiohydantoin o] #R3-2 FKEHR &
SRREE HRAANERE o8 Wafel osted Misnelel
AAS TEY BmAme HEER) mENA

(2) Phenylalanyl glycyl alanine &} C kifo 24¥
o RRUIBR S sl odoid % fractiono] =ish
o] 478 mass spectrum o} A3, AR BRI
#ol 7hsdeh

ol9} 7+ A2 Re peptide Ckigo 259 i
Kophol ol N BRI #EHel Fade ¢
At et

FERS WY FA AR KL KE RBH #
BN wR W, B B BA B it F BT
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