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i. Inirodnction

Several reagents capoble of chemical cleavage of
peptide bonds have been studied, but in the great ma-
jority of eases they ars not applicable 1o proieins be-
cause of numerons and various side reactions {1].
Cleavage at the methionine peptide tonds {2] remnains
the only really sawfﬂﬁm.ry cﬁﬁmmﬂ method of cleay-
ing proteins.

Tryprophan 18 another potential poin? @f atiack on
the polypeptide chein. N-Bromosuceinimids [3] is not
a selective reagent for cleaving the tryptophan peptide
bond, singe both tyrosine and histidine residues are at-
tacked. Moreover, the yneldﬁ of cleavage are rather

- poor, 50 that the reapent has proved of no practical
uiility for the fragmeniation of proteins 11}

This report describes the selective chemipsl cleavage
of the single trypiophanyi peptide bond it horse heart
cytochrome ¢ by BNPS<skatole (2-{2-nitropheny lsul-
feny}-3-methyl-3-brome-indolening) {4, 5].

; 2 Expanmentﬂ

}Eorﬂe heart cymshmme ¢ {type 111, Sigma ChemA

" Company , 8i. Lous, Mo.., TS (200 mg: 16 ,,umoles)
was dissclved in 8 ml water and 8 mi agetic acid with
20 myg.of phenel. To the solution were added pndcz

: 5hrnng &0 mg {160 pmnles; 1D equivalenis) of BNPS-
“skatole (Pierce Chem. Company, Rockford, 14., USA)
" dissolved in B ml of glacial acetic acid. After 48 hrin

'j__'cht duzk, 100 pl of _B»:nexca,ptneﬁlanol were added ;anﬁ’
* the solulion lst siand &t 37° for 5 hr. The reaction
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mbtore was then diloted with 70 ml waler anad sever-
al times extraci~d with ethyl acetate in order to re-

move exeess reagent and by.producis. The sohution
was concesitated in vacue at 37 and divectdy applied
to a Sephadex G-30-8F (Pharmacia, iUpnsala, Sweden)
column. The peptlide frapments were further purified
by ion exchange chromatozraphy on a Uhl-celinlose
{Serve, Heidelherg, Germany) column.

3. Resulis

The cleavage of horse heart oy tochrome ¢ by
UNPS-skztole wes carried cut in 5% acelic acid with
10 equivaiznis of rzagent for 48 hr at room temp. It
was found thai the yields of cleavase weve not im-
proved by using larger excess of reagent up to 100
equivalents. The reaction was performed in presence

- of phenol as 2 scaveneer for tyrosine destruction.

Since the reazent oxidizes the methionine residue io
its sulfoxide excess of snercaptorthanct was addad
at the end of the reaction in order {0 reverse ihe
methionine modification {43, -

The BNPS-skatole reagent alse quantitatively re-

“moves the heme grovp from cytochrome ¢. Kinetic

anzlysi= by. thinaver chromatography on cellulose

- plates in butanolacetic acidpyridine: waler

{42:24:9: 30} (ithe beme imoves with the solvent front)
showed that under the experimenial conditions usad
for tryprophan cltavage the heme removal iz compiete
in abowi 2 hr. Since BNPS<katole is a brominating

. apent [4,5), the mechanism by whn;h the thioether
hridges Bnking the heme 10 the viotein are cleaved is
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. BE eomposition {table 1), the first material eluted corre-
sponded to modified but uncleaved cytochrome ¢,
-  the second 1o the mixiwse of the two fragments resi- -
2 0.4l dues 1—35% and residues 60104, and the third peak
s low molecular ‘weight material {excess magem hﬂme, _
H pheaol). The iwo peptide fragments were then SEpR-
£ a2l rated by jon exchange chromaiography on a CM-cel-
‘ 5 Iuigse column, eleted by a gradient of ammonium ace-
Z {ate buffer, pH 6.5. The sequences 60--104 and 1-59
oo - were elnted, respentively, at about 0.1 and 0.4 ammo-
- ninm acetate molarity {fig. 2). The yield of cleavags,
" FRACTIONS - in three diffesrent experiments, was 55—65%, as
judged from the dry weights of the lyophilived frag-
Fig. 1. Frmtn@nﬁwmn of BNPE-skatole treated cytothrome ¢ menis.
on 2 Sephadex G-30-8F columm 3.8 X 132 om) eouilibrated ‘ i . . , -
~ and einted with 0% acetic acid- The flow rate was 20 mlfhr From the amino acid composition of oxidized apo-
and fractions of 10 ml were collisied, Horizontal bass gk cytochrome and oi the fragments shown in table 1 1t
rale Tactions proled. _ : appears that the isolated peptides are pure and the
‘ : ) C nn loss of ary amino acld occurred. This fact is in
probably similar 1o the iodine dﬁavage recently de- agreement with the high specificily of the reagent
seribed by Lederer and Tarm {7]. ja1. ‘ '
- Thz elution profile on a Sephadex G-50-8F m]umﬁ The gosd recovery of cysiice on the amino acid
of the reaction mixture of cytochrome ¢ trerted with ~ analyzer snggesis that the emi-cysting residues are un-
- BNPS-skutole is shown in fig. 1. From the amino acid der the form of a disuitide bridge in the isolated
Table 1

Amino zcid composttion of oxidized apocy mﬂnmgm ¢ znd of the peptide ifmgm&ms obtained by BNPS»skamls clleavaoe of cwto-
chrome . {Theozetical values are in parentheses),

. _ _ Peptide fragments
. Apocytochreme & ‘ .
Cyiothromed oxidized : -39 C - D104
 Lysine 181 (19) oL Bs0® 1001419 B3{)
. Histidine RN O I NS5 T O T 3.14¢ 3) LD
: -Argln’mt: ' L9 CA2{D SRR «X-F O F EPENN 1 ¥ 2 ¢ I
‘Aspurticacid - - . 7.B( B) : 03{ B) U 7 S X F ¢
. Threoming S aBL L 2w o 0 3808 ATy
LGlutamie acid - 1nmsagy 201D : R T R - T
Proline . S X (X O ) TR 1: € ) I B 220D
Glyeine . AGD 0 128D 0 - 9700 0 0 21(®
CAlanine © CBILE . TIL S B2 2y
Emicystng -~ 1A4{ 2D SRR P & ) BUREINEINE S B°J 31 B Dy
S Waline o0 23( L 29( % 0 2B - - DI
- Methienine . L LB S LSERY 0 e R Amy - LB
- Isolemtine 0 A4S €)- . .. CABLE b T RBE D ANy
Cookewcing - o RDUBY L 1 BSCE) L e DR20 . AD)
. Tyrosite o 73.}8{- I & £ 07 SR RO = & G0 & E e - L £
.‘Phenyhlé.nihe':_-“ B R 3,7;{749;_;"{) SR L B R :._:m mkv R

Compnsﬂmn was ﬂetarmmed safte: 2 hr hy dm]ysxs m sea}ed tu“bes under var.n wm in. 6 N Hﬁl m 11 G Ammn .mﬂ :ma]yses were B
: '_‘ carried ot with a C. Erba an.ﬂyzaim, Model 3A27. No corrgction: for destn: hon oI ]uw IBCQY'EIJ! rol‘ ammi) ac:d were made The -
resulls are eXpressed in tr:ms oi' resxdues per mnle uf pm le.n u ‘pepunde ; L ‘ L
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Fip. 2. lom exchangs chromatography of dhe sceond peak of
fig. 1 omn 2 CM-cellnlcse colamn (1.3 ¥ 12 cm) egoiiibrated
with §.01 M ammoninm acetate buffer, pH 6.5. The column
was elnted with a gradient {X—2—X) from 0.891 ;o 0.5 M
of the same buffer, st a flow rate of 3& mifhr. Fractions of

5.5 ml wers colizcted. Horizonial bars indicate Tractions
pooled.

apocytochrome and in the pepiide fragment §-35.

o free sulfhvdryl groups were detected by the
Elhnan reagent 3,5 -dithiobis-{ 2-nitrobenzoic acid)
[8]. Furthermore, the elutien position of the peptide

 fragmenis from Sephadex G-50 {fig. 1) indicates that
the disuifide bonds cannot be intermaolecutar, and
_hence must oonnect cysteing residues 14 znd 17,

The zbsorption spectra of the peptide fragments as
weil as of the modified apocytochrome are shown in
fig. 3. The spectram of the fragment 60—104 is typi-
cal of 2 tyrosine containing peptide, The modified
aporytcehrome and the fragment 1—39 show an ab-

- sorplion spectrum which eould result from the coniri-
“kntion of tyrosine and 2-oxy-iryptophan abserpiion.
The 2-oxy-tryptophan chromophore (A, .. near 250
‘nm ant shonlder ai 283 nm) has been shown to be
produced by N—bmmﬂsucuzmimiﬂe; oxidizing reagent
_anzlogous 1o BNPS-sketole [9]. It may be inferred
‘thesefore thai the tryptophan residue is 'nodnﬁed by
~ BNPS-skatole to. 2-oxy-trypiophan, '

- Atfempis o improve the yields of cleavane by

‘changing the solvent composition, resction 1ime and
. equivalents of the reagent were so far nnsuccessfol,

TERR LETTERS

AMMOKIM ALETETE MOLARITY

Mz 1973
: — — . -
P, 1
b -
SE-TR Ul WY -4

LY
Y |
{ Lot !
I~ [ S §
g es- ! i g_ B
=3 i Bk ? |
an 3 LS +
a2 YA |
AN
TR \ _ ~§
! i
{ 4
: i
! |
eol o e |
220 60 0o EIETH]

WAYELINETE | am

Fig. 3. Abscrption spectra in 0.3 M acetic acid of oxidized

apocyiocthrome ¢ {---) and of the fragments 1-59 {--- ) and
50—~ 104 (—).

4. Discussion

The results reported here point out that BNPS-
skatole is a useful reagent for the selective chermnical
fragmeniation of proteins, approaching in its utility
the cyanogen bromide reaction,

The molecule of cytochrome ¢ from a large variety
of enkaryotic organisms contains a sing'e trvptophan-
vl residue at position 59 in the amino acid sequence
and thizs residoe has been classified as invariant [1D].
inview of this fact, the method here described will be
a gemeral route io cleave the cvivdirome ¢ molesule
into only wo fregmenis of similar length. Thes: pep-
tide fragments, if obtaimed from different crganisms,

- may be compares for common ané vanable regions

and famh‘la‘ie the structural work of SeqREnce detey-
mination.
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