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1, Intzoduction

The heme group of cytochrome ¢ is linked to the
polypeptids chain by thivether bridges [1]. Methods
presently used for heme clesvage involve the use of
heavy meials such as silver and mereury [2,3], per-
formic acid [4] , o1, s recenily reported, iodine and
cyanpgen bromide {5}

Attempiing to sclectively modify the single trypto-
phan residue of horse heart cytochrome ¢ by soifenyl
halides (6] . we found that thess reagents also allov-a
rapid and guantitalive cleavage @f the thivether bonds
hrkmg the heme 1o the protein.”

- Sulfenyl halides are known to react with unsymmet-

rical thioethers giving rise to disulfides among other
~ products depending upen the structure of the thio-
ethers 17,8). These reagents have found an applica-
tion in the removal of S-protecting grnups In peptide
synthesis [9] . ' :
‘The results hexewﬂh repmmﬁ :mdma*e that 2-nitro-
- 'o‘henyflsulfenv] chh)nﬁe (N”S—‘"D

T he 1esulis here re; pm:teﬂ wera In parl presenied at the 12th
- Fur, Peptide Symposium, Sthless Renﬂ:mﬁsbmnn
. Sepiembe: 19’3'2. :
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Schems 1.

with the thiovether funciion of cytochrome {0 o
form =2 thiolsulfonium fon (2) which decomposes to o
mixed disnlfide, S-NPS-cysieine dervative (3}, Cleav-
age is successhully effecied due 10 the easy formation
of the carbonium ion (4) stabilized by the conjugate )
porphyria system. .

2. Experimental

2.1, Marerials
NPS-Cl and DNPS<Cl were ohizined from Fluka

* AG {Basle, Switzexland). NCPS-Cl was synthesized az-

sording to-the Lterature {10] . S NPS-glutathior: [111

~angd 7~NPS~trvp10phan 132} were synthesized as de-

seribed previously.
- Horse heart cytochsome ¢ (fype 111) was obt:ined

L ’fmm Kigma, Chem. Company {81. Louis, Mo., U ISA).. _
L _'HT“ heme undecapeplide {sequence 1§—-21) wa: pre- .'

pmeﬂ by pepuc dagasum oi‘ cym;;hrmne b follcwmg

135



. "‘%ﬂm&i& '4’2 'ﬂm"n‘n‘-ber

| {he pmi:edme descrbeﬂ by Hmbmn and Loac}u ]}3]

" The peptide was further parified on a Sephadex G-25- -

'8F columm (2.8 X 140 om) equilibrated and ehuted
_ vmh 10% acetic acid. The beme peptide t.ormapmndmg

ag ﬁun;-, sequUEnce. 138 of horse heart oytochrome e’ - S

‘was prepared by trvpsin digestion of & -maleyl-cyio- -
“chrome ¢ and subm:quem ﬂbacylamn in 305 agelic

acid a1 37° for 40 br. The peplide wos purified ona .
Sephadex G-50-SF colunn (2.8 X 140cm) and then
by ion exchanpe thromatography on a CM- Eeﬂhﬁme o

- {Serva, Heidelberg, Germany) column {1.6 X ] 1_2 cm)
equitibrated with 0.01 M ammonium acetate buffer,
pH 4.5. The peptide was eluted by 2n expnnennal o
pradient from 0.01 M 10 0.5 M ammonium acetate

-~ boffer, pH 6.5. The peptides wers homogenecons on
thindayer chiomatography on cellulose plazes (Merck

" AG, Darmstad, Germany) with butanol: py ddine:ace-
fic acid: wazer (] 2: 2’4:4-':3@3 as eluent. '

2. .S’uffm: Aation of oy fﬂehmme ¢ and related }zw’ze
- pepiides.

The reaction was cﬁzrned oni by dissolving ﬂm pro-
tein or peptide {3—5 my/m)) in 50% acetic acid angd-
then adding with stirring 100 equivalents of the sul-
fenyl chloride dissolved in glacial acetic acid {final sol-
veiit conditions 66% scetic acid). The reaction was -

followed by thinlayer chromatography. After 10 min

stirring a1 room temp.. the reaction mboture was di-
“juted three times with water and then extracted sever-

4l times with 2thy! acetate. ‘The agueous layer was

concentrated in ecuo at 37° and then applied toa-

Sephadex G-25-SF column {1.6 X 20 cm) requﬂlb;mad? o

znd cluted with 10% acetic acid. The modified pro-
“lein or peptides were ]DBBTEﬂ in the elywate via ihm;r a’b
' smpimn at 280 and 36’9 nm. S

2, 3 Remm'af of thie mlfenyﬂ" £ Jaromnph@i'g ﬁ'om me
cysteine residues

The su]faamy]ated pmiem or pephde 10, 5—} }imnle} :
-‘:*mmmmng e
- ]%ﬂ-memapmeﬂmnn} ‘After 5 min m ToDm temp.
“the soltion was dizectly appheﬂ 0.4 SEpanEJi 6-25 ‘

was dissolved in 1 mi of 8 M urea; pH ¥:2

SF golsmmm {16 X 20 gm) & thbxatad and eluted:
“with 10% acetic acid. The NPS, -cytochrome was
catedin the efflizent by Spectmphmnmeim reading
. -fa.t 363 .nm, .and the peyndes 'by J:e zaachon wnh '5,5"
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ceiaz: amd of cyto-

chrome {-----), NP§;-cylochrome {—-) {obtained by reduc-

. tiom of NPS3-pytochrome; see Experimental) gna of 2NPS-
~ tryptophan {-.-. - 3. B) Absorplion spectia of {he peptic heme
* mhdscapeptide {seguence 11=23) (-----}, of ils S—NPS-—-@EIEV.’:I' E

im: i——} and of S-NPS-g}msathaom f-a- -)

3. Resuhs

B Klm"zmc ;amﬂyms of the. reacinf.m of sulfen}} halides

“- 7 with'the thioether fungtions of sytockrome and heme.
;pﬁphwﬂes by thin- Aayer thromatography showed fhai
. the removal of the heme in 50% acetic acid with SD-

100 equwalems of NPS-CJ DLCUTS quamﬁaﬂve}y i

less than 1 min. The S—su]fmy] derivatives were easﬂw. o

saparated :?mm IhB heme wax»wess Tf:iagerlt mnﬂ 5163 DA
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‘ Table ] '
'Ammo amd cmmpcns:*mn of cy¥techrome and heme pe;p‘hﬁes
reacted with NPS-Cl and then reduced with ﬁ-mermpmeaha-
nol m B »l nrea iﬂwemreiﬁ»al values are in paremheses)

: O NPR- - : L

Amino acid _cytochiome 1-3% 11--21
Lysime 18.141%) 8517 1.1{1)
Histidine . 3113 2.5(3) 1.04{1)
Argining Zun o DS

Aspartic azid C B3I 8® 1.5{2) '
Threonine 10.2410) 1.8(2)  0.9(1)
Glutamic acid 26123 4.04{2) 2.8{3)
Proline CA3( ) 104D

Glycing 12.2012) 597}

Alznine’ - 621 6 L241) 1.14%)
Cymeme 1.9¢ 2) 1.61{2) L7(2)
Valine 294 2) 2.5{3) 1.8{2
Meihionine 174 2) -

isplencine 4.8{ B 1.1 {1y

Loucine 6.0 6) 1.642)

Tyrozine 380 4

Phenylalanin: 4.00 4) 1.34{2)

* Composition was deterrnined afier 22 hr hydrolysis in

- segled mbes nmder vaoumm in 6 N HC a1 1 107 Amino acid
analyses were carried ont with o C. Frba analyzator, Mod:d
3A27. No corzectiens for destrpeiion or low e, 21y ©f
amino acid were pade. The results are expressed in terms of
regidpes per mole of protein or peptide.
Daﬂanmncﬁ by the Fliman's reagent [141.

vﬁth Sﬂlﬁ’en’ﬁ halides also su]'femv]aied the single tryp-
tophan-59 residue at ?he 2-position of a.?ma irdole ring
16].

Fig. 1A shows the absorption speciram m 19% ace-
tic acid of NPS, -cytochrome, with a single NPS-group
om ihe tryptophan residue. This derivative was ob-
“tained by reduction of NPSga-cymthmmE with f-mer-
captoethanol in 8M urea and subsequent gel filtration
"on Sephadex G-25, The spectrum closely resembles
that of the model compoundg NPSuypiophan, In'
“fig. 1B i3 shown the absorption spectrum of the NP5-
derivative of the: undanapeghde 1121 {twp NPS-

‘gronps bouné at the two cysteine residues), which.is

similar 10 the spec aum nf' the m::-ﬁel cnmponnuﬁ S
NPS-glutathione.
" .. Reaction of sulfenyl hﬁhﬁes mth ;:ymchmme or’
7' thve heme pepiides 1—38 anfi 11—21 ank remov: of
‘the S-sulf: enjd gmups by radxmtmn does mot cause al-

“feration of any Other amino'acid {1able 1). This is ir
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- Table 2
Properties of the splfenylated cyiochiodns ¢ and c’y‘lmhmn =
heme coniaining pep2ide seguences ohimined by reaction of
the corresponding protein o1 peptides with snifzoy] chlonid s

-~

g

- _ F3 N ek J&I
Derrvative R 5 ;"mm‘: 3 ',13

{mnj

Cytochrome ¢ NPS; . — 363 110
| p3; " - 368 3.1
1-38 NP5 0.31 358 7.5
11-21 NP5 057 360 21
DNPS 060 318 37.5
HCPS BA4 353 4.4

* Thin-layer chromatozraphy on cellplose plates (Merek)
wiith buianolacetic acid:pyridine: waler (42:23:4: 302
- The plates weze spraved with ninbydsn,

aaa Walunes determined in 10% aceiic atid.

Two NPS-proups bound to the two cysieine residues snd
one to the tryptophan resitne.
One XNPS-mroup bound at the trvplophan residue.

accordance with the known high specificity of the
reaction of these reagents with proteins [6].

1n addition to NPS-CL, other arylsulfenyl chlosices
were tested, such as DNPR-Cl and NCP5C1 {57, with
simpilar rezulfs in reactivity and efficiency of the reac-
tion. In table 2 are seporied ihe absorption max ma
angd molar extinction coefiicients of the sulfenyl de-
tivatives of cytochrome and heme peptides, as well a:
their chromalographic behavipur.

Azobenzene-Z-suifenyi bronidde, a reagent which
haz been shown to react selactively with cysizine and
not with trypiophan |16}, was ineffective in remov-
ing the heme from cylochrome. The protein after ex-
poswre io 100 squivalents of reagent in 50% acetic

" acid for 1 hr was recovered unchanged.

Attempis to performn the sulfenylation reaction in
the presence of 100 egeivalenis of indole a5 a scaven-
ger for tryptophan sulfenylation faded. The heme wes
removed in Tow vields and tryptophan was partly

_ ‘modified.

© 4, Biscussior

- The reaction of sulfeny] kalides with thioethers is
a vsefunl allernative 1o the available methods for hense
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' Jeﬂvage n @y'mchmmr* @ dnﬂ in hemﬁ *:ephdes. .
Heavy metals are slow in-cleaving off the heme and ™

particulaily with small heme pr:puﬂes mhay notbe
guantitative ]1,4] .

Performic acid 1reatment is a severe pmcadme de-

mmynng several ainino acid side chains [17]. The io-
dinz-cyanopen bromids reaction is not a qnanmmwe
. procedore and cleaves methionine peptide bonds [57.

These ﬁnsadvamages are not presented by sulfenvi bal-~

.ides, which react fast znd quanimiatmve]y and, except
for the modification of tryptophan, amc specific.
Aﬁknnmﬂsﬂgemmis |
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