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Abstract: Using fyn PTK as a template, a series of phosphopeptides 1-11 spanning in length from 1-14 amino
acids was prepared. Kinetic evaluation of 1-11 suggest that CD45 does not have a strong preference for its N- or C-
terminal amino acids and that extended phosphopeptides are not required for efficient substrate turnover.

CD45 is a protein tyrosine phosphatase expressed on the surface of T-cells and
other nucleated hematopoietic cells.! The enzyme catalyzes the hydrolysis of the O-P bond in
O-phosphorylated tyrosine residues of certain protein tyrosine kinases (PTKs).lb
Dephosphorylation of these tyrosine kinases by CD45 results in the up-regulation of their
catalytic activity, initiating a cascade of intracellular events leading to T-cell activation.2
CD45 therefore represents a therapeutic target for certain autoimmune and chronic
inflammatory diseases characterized by aberrant T-cell activation.

CD45 interacts with members of the sre-family PTKs, most notably c-fyn and the
T-cell specific kinase Ick.1%.3 The secondary amino acid sequence of the src PTKs
surrounding the site of tyrosine dephosphorylation reveals a high degree of sequence
homology. (Figure 1).3 Using fyn PTK as a template, a series of N-acetyl phosphopeptide
amides 1-11 spanning in length from 1-14 amino acids was synthesized and evaluated as
substrates for CD45. Our intent was to ascertain the smallest phosphopeptide sequence
required by the eniyme for substrate recognition and to use this information as a starting
point for the rational design of peptide-based inhibitors.

Figure 1. C-Terminal Sequences for the src Family PTKs.

src FTSTEPQ YQPGENL
fn FTATEPQ YQPGENL
Ick FTATEGQ YQPQP--
Iyn YTATEGQYQQQP--
yes FTATEPQ YQPGENL
hck FTSAEPQYQPGDQT
fer YTATESQ YQQQP--
blk YTATEGQYELQP--
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Phosphopeptides 1-11 were prepared using standard solid phase peptide synthetic
protocols.4 The kcat, Km and keat/Km kinetic constants for each of the phosphopeptides 1-11
were determined using purified CD45 and the malachite green assay (Table 1).5 The keat/Km
specificity constant for peptide 1, the longest peptide (14 amino acids) generated in this study,
was found to be 8.1 x 10-3 M-1g-1. Systematic deletion of the amino acids from the C-terminal
and N-terminal ends of peptide 1 afforded the truncated phosphopeptides 2-4 and 5-7,
respectively. These truncated phosphopeptides displayed keat/Kiy values ranging from ca. 3.5-
6.5 x 10-3 M-1s-1, which were within 2-3 fold of the specificity constant obtained for 1. Further
truncation of peptide 1 by simultaneous removal of both the C- and N-terminal amino acids
gave rise to the peptides 8-10. Comparison of the k¢qt/Kn values for each of these peptides to 1,
again showed that they do not differ significantly from 1. Individual kgt and Ky kinetic
constants for 1-10 vary by less than a factor of 2.

It is apparent that the enzyme does not have a strong preference for either the N- or C-
terminal peptide segments of its substrates.6 The truncated N-terminal phosphopeptides 5-7
have specificity constants within two-fold of the C-terminal truncated peptides 2-4. This is in
contrast to the recent report by Dixon, where a yeast protein tyrosine phosphotase appears to
have a preference, albeit only 4x, for its N-terminal amino acids.” At the outset of our study,
we had anticipated that Gln-pTyr-Gln (QpYQ) 10 may have been the shortest phosphopeptide
required for efficient substrate turnover given the fact that nearly all of the sr¢ family PTKs
contain this tripeptide unit. However, we observed that even the N-acetyl phosphotyrosine
carboxamide 11 demonstrated reasonable substrate activity in comparison to the longer
substrates. Some specificity is derived from the tyrosine amino acid as p-nitro-
phenylphosphate (pNPP) 12 possesses a keat/Km = 48 x 10-3 M-1s-1 versus 1.5 x 10-3 M-1s-1 for
11. This difference in specificity constants between 11 and 12 is principally a reflection of the
large (>10x) difference in Ky, values.8

With the observation that 10 and 11 are substrates for CD45, a series of electrophilic
tyrosine analogs 15-19 were prepared (Scheme 1) and examined for their ability to inhibit
CD45. These agents were designed to act as irreversible inhibitors via alkylation of the active-
site cysteine.?2 When assayed against the enzyme at 200 pM, compounds 13-19 were not
inhibitory (data not shown). Time-dependent inactivation of enzyme was not seen for these
agents using long incubation times. Although certain benzyloxyglycidyls have been shown to
irreversibly inactivate thiol phosphatases,?2 this appears not the case for tyrosine epoxides 13-
17 against CD45.9> Even the chloromethylphosphonate 19 which is structurally most closely
related to phosphotyrosine 11 lacks affinity for enzyme.

In summary, eleven phosphopeptides based on fyn PTK were prepared and evaluated
as substrates for CD45. The results of the kinetic study revealed that CD45 does not require
extended phosphopeptides for efficient substrate turnover. The k¢at/Km values for each
substrate 1-11 ranged from ca. 3.5-8.0 x 10-3 M-1s-1 while individual keat and Ky, constants fell
within 2-fold of one another. The enzyme does however, derive some specificity from the
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TABLE 1. Kinetic constants for CD45 peptide substrates

Peptide Phosphopeptide Peptide length  k p (s)) Kp UM)  10* X koK
No. (no. of amino acids) (M'ls'l)
1 Ac-FTATEPQpYQPGQNL-NH, 14 395+£0.0 278+0.0  1.42+00
2 Ac-FTATEPQpYQPGQN-NH, 13 468+00  253+0.0 184100
3 Ac-FTATEPQpYQPG-NH, 11 447+£00 22000  213+00
4  Ac-FTATEPQpYQ-NH, 9 485+00 26100  185%00
5 Ac-ATEPQpYQPGQNL-NH, 12 493+00  143+00  345+00
6 Ac-EPQpYQPGQNL-NH, 10 422+£00  102+00  4.13 £0.0
7 Ac-QpYQPGQNL-NH, 8 482+00 172100 28100
8 Ac-PQpYQP-NH, 5 395+0.0  278+00 142100
9 Ac-QpYQP-NH, 4 3.95+00  278%0.0 1.42£0.0
10 Ac-PQpYQ-NH, 3 395+0.0  278+0.0  1.42+00
11 Ac-pY-NH, 1 3.95£0.0  278+00  142+00
12 p-nitrophenylphosphate 0 3.95+0.0 278+0.0 1.42 £0.0
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Scheme 1. Synthesis of Electrophilic Tyrosine Analogs 15-19.
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13: Ry =Z; Ry =NH, 15: R, =Z; R, = NH, 17: R, =Z; R, =NH,
14: R| = Z-Gln; R, = NH-GInNH, 16: Ry = Z-GIn; R, = NH-GInNH,
(')H
O\"/\ a O‘P/\ al
b 1l
13 — 0 0
R{HN” ~COR, R{HN” “COR,
18: R] =7Z; R2 = NHZ 19: Rl =Z; R2 = NH2

Reagents and conditions: (a) 13 or 14 (1.0 equiv), (S)- or (R)-glycidyl tosylate, 2--butylimino-2-
diethylamino-1,3-dimehtylperhydro 1,2,3-diazaphosphorin (Sproat, B. S.; Beijer, B. Nucleic Acids Rsh.
1990, 18, 41), MeCN, 25 °C, 18 h, 75%; (b) CICH,COCI, DMAP, CH,Cl,-MeCN (2:1), 0 °C to 25 °C,
12 h, 98% or CICH,P(O)(Cl),, pyr., 0 °C t0 25 °C, 12 h, 94%.
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tyrosine residue as pNPP 12 was clearly an inferior substrate as compared to 1-11. Our study
serves to further confirm that CD45 is sequence non-specific,8 making the prospect of
identifying a substrate sequence-based specific inhibitor of CD45 most unlikely. We have
further shown that CD45 is not inhibited by tyrosyl epoxides (e.g. 15-17), -chloromethyl esters
(e.g. 18), or -chloromethylphosphates (e.g. 19). CD45 specificity may arise through the action
of co-capping of external domains in either the substrates or CD45 itself.8
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