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METHODS FOR THE CARBOXYL-TERMINAL FLUORESCENT LABELING OF PEPTIDES USING
SOLID PHASE PEPTIDE SYNTHESIS
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Summary: Two general methods for labeling synthetic peptides with a
5-dimethylamino-1-napthalenesulfonyl (dansyl) group at the C-terminal
residue using solid phase peptide synthesis {(SPPS) are described.
Dansylated peptides are ideal substrates for fluorometric proteclytic
enzyme assays.

We have shown the utility of peptides labeled at their amino termini
with a fluorescent b-dimethylamino-1-napthalenesulfonyl (dansyl) moiety as
substrates for proteolytic enzyme assays. The method involves reverse-
phase HPLC separation of substrate and enzymically generated product which
are detected and quantified fluorometrically. An example is the assay used
to follow the rates of conversion of model glycine-extended peptides to
C-terminal peptide amides by the peptidyl o-~amidation enzyme.] It is also
possible to assay enzymes which perform amino terminal peptide modifications
or endoproteolytic cleavages using peptide substrates dansylated at the
C-terminus. This communication outlines two strategies for the specific
labeling of peptides at the C-terminus using solid phase peptide synthesis
(SPPS).2 The syntheses of two peptide substrates are described: the
first peptide (4) was used to assay the conversion of an amino terminal
glutaminyl residue to pyroglutamic acid by glutaminyl cyclase; the second
peptide (7) was used to assay the chymotryptic endoproteolysis of a
C-terminal fragment of neurotensin (NT).

The strategy shown in Scheme I involves dansylation of the peptide on
the €-amino group of a C-terminal lysyl residue. Although the N-terminal KT
fragment illustrated in Scheme I conveniently contained a lysyl residue, the
procedure may be applied to any peptide of interest by simply extending its
C-terminus by a single lysyl residue. 1t has been our experience that
through a judicious selection of model peptide length, effects of the lysine
extension or the dansyl moiety on the functional enzyme-peptide interaction
may be avoided. N-«-FMOC-N-€-BOC-lysine was covalently anchored to
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Merrifield's chloromethylstyrene resin to obtain a loading of 0.2-0.3 mmol/g
which was calculated from amino acid analysis.3 After removal of the BOC
group with TFA, the €-amino group was dansylated to completion as determined
by a ninhydrin test.4 Following the removal of the FMOC group from the
o-amine, the protected amino acids were added using conventional SPPS tech-
niques to obtain 4. The dansyl amide is resistant to anhydrous HF which

was used to cleave the peptide from the resin and remove the amino acid side
chain protecting groups. The peptide 4 was purified by elution from a

C-18 reverse-phase HPLC column with a linear gradient formed using 0.1% TFA
and acetonitrile.

SCHEME 1

—

(BOC)
FMOC — LYS

a-c¢
(D?S)
FMOC——LYS 2
d,e
(D?b) (D?S)
BOC—GLN—LEU-—-TYR—ASN—GLN—-LYS 3
f,g
(D;as)
GLN-—LEU——TYR—-ASN-GLN——LYS-—COZH 4

a) 35% TFA/CHZCLZ b) 10% DIPEA/CH,CL, ¢) DNS-C1, DIPEA, DMF
d) 20% Piperidine/DMF e} SPPS f) HF g) RP-HPLC.

The second strategy involves cleaving a fully-protected peptide from
Merrifield's resin with ethylene diamine.s’6 Other approaches to
C-terminal aminoalkylamides either require classical solution synthesis7
or do not leave the protecting groups intact,8 an action which would lead
to non-specific attachment of the dansyl tag. Scheme II outlines the
synthesis of the protected C-terminal NT sequence, Arg-Arg-Pro-Tyr-Ile-lLeu,
linked to ethylene diamine. After dansylation of the crude cleavage
mixture, the fully-protected peptidé 6 was purified using C-18 reverse-
phase HPLC and then deprotected in anhydrous HF to obtain 7. The purifi-
cation step prior to HF removal of the side chain protecting groups was
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found to be critical; otherwise the product mixture was complicated by
several dansylated peptides which were indistinguishable by amino acid
analysis.

SCHEME 11

(T?S) (T?S) (D?b)
Acetyl— ARG — ARG— PRO-— TYR— ILE— LEU 5

a
(T?S) (T?S) (D?b)
Acetyl — ARG — ARG— PRO — TYR -—— ILE— LEU NHCHZCHZNHZ 6
b-e
Acetyl-ARG-ARG-PRO-—TYR——ILE-LEU—-NHCHZCH2NHDNS 7

a) Ethylenediamine/MeOH b) DNS-C1, DIPEA, DMF c) RP-HPLC d) HF e} RP-HPLC.

The peptide substrate 4 was used to develop an assay for glutaminyl
cyc'lase.g The fluorescent substrate and product were separated in less
than 4 min using isocratic elution on C-18 reverse-phase HPLC (Figure 1A).
The detection 1imit for either peptide was 100 fmol, which is two orders of
magnitude greater sensitivity than is possible using UV detection at 220
nm.10 Fluorometric detection allows the direct assay of crude tissue
homogenates without interference from the other components of the assay
mixture. This assay offers several advantages over a more laborious radio-
immunoassay (RIA)} which used an antibody to detect the conversion of
G1n-H1‘s—Pro-NH2 to the pyroglutaminyl peptide, thyrotropin releasing hor-
mone (TRH).]] Another HPLC-based assay was developed using peptide 7 to
analyze the endoproteclytic cleavage of NT at tyrosine (Figure 1B}.

With the ability to fluorescently label either the N- or C-termini of
peptide substrates in hand, it is now possible to develop rapid and sensi-
tive assays for any sequence-specific proteolytic enzyme. The study of
these enzymes {is important for understanding post-transiational protein modi-
fications as well as protein metabolism,.
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FIGURE 1

L L L T T 1T 1T 1
A B

0-010 = B HJoz A . Glutaminyl Cyclase Assay
© Product—__ - Product Column: Hypersil 5 pm ODS, 4.6x100 mm
o Eluant: 24% acetonitrile In 100 mM NaQic, pH 6.5
< Ay | L o Tempexrature: 50% C
& 0oos Substrate S Flow Rate: 1,2 mL/min
3 - Fluorescent detection using a 352-360 nm excitation
bt = -oos filter and a 482 nm cut-off emission £llter.
o 0006 Substrate: GlnLeuTyrAsnGln(€-DNS)Lys, 80 pmol
= L Product: <GluleuTyrAsnGln(E-DNS)Lys, 130 pmol
w _J substrars 006

0004k B . Chymotrypsin Assay

Colutn: Vydac C, cartridge
o - -10-04 Eluant A: 0.1% TFA
= Eluant B: 80% acetonltrile, 0.08% TFA
6 Q002 - Cradient: 15 to 40% B over 3 min
2 o —0-02 Temperature: 50° ¢
o L Flow Rate: 2 mL/min
ok A } n L V‘J Jo Fluorescent detection using 220 nm excitatlon and
' | 415 nm emission.

I T S T |
o 1 3 4 5 01 234

Time {min)

Substrate: AcArgArgProTyr!leLeuNHCH_CH _NH(DNS}, 120 pmol
Product: IleLeuNHCHzcnzNH(DNS), 360°pmG1
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