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Human cytomegalovirus encodes an unusual protein kinase UL97 which can phosphorylate exogenous substrates,
including histone H2B and nucleoside analogs such as ganciclovir. The previous result interestingly showed that the
peptides phosphorylated by UL97 have K/R at the 5 positions (P+5) downstream from the pSer. To confirm the
importance of the basic residue in the position, we used two peptide libraries, 4S4K (MAXXXXSXXXXKXANNN) and
4S6N (MAXXXXSXXXXXXNNN). The activity of phosphorylation by UL97 was higher in the peptide library 4S4K than
4S6N, suggesting the importance of basic residue at P+5 position. The screening with a peptide library 4S4K showed
slight tendencies for N in the P+1 and P+2, M in the P+2, K in the P+4 and P+6 positions and several amino acids in the
other positions. This result will give information to develop an optimal peptide for screening a novel UL97 inhibitor.
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Spodoptera frugiperda 9 cells (Sf9) American Type Culture
Collection ©- ZH-E| 3} 3L, 10% fetal bovine serum (Atlanta
Biologicals, laurenceville, GA, USA), 100 units/ml penicillin, 100
pg/ml streptomycin BE X 3S1= Grace's insect medium (In-
vitrogen, Carlsbad, CA, USA)ollA] B8t AAka) S
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3. Peptide library &4

Degenerate HEFO] = A2 7]=-2] Tufts th8he] Peptide
BioSynthesizer (Milipore Model)& ©]-8$+ BOP/HOBt H =%
Wl whe) == I} (18,19). Degenerate peptide library =
4S6N : MAXXXXSXXXXXXNNNZ}F 484K : MAXXXXSXXXXK-
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GST-UL97 (3 mg/ml) 5 wlE 1 mg2 degenerate peptide
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chloride® /4S5 A7 th, 8 ml® &3 6 ml®] 500 ml
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Figure 1. Time courses and relative activities of two peptide
libraries by UL97. Two peptide libraries, 4S6N (Met-Ala-X-X-X-
X-Ser-X-X-X-X-X-X-A-N-N-N) (O) and 454K (Met-Ala-X-X-
X-X-Ser-X-X-X-X-K-X-A-N-N-N) (@), were phosphorylated by
GST-UL97 in the presence of ATP with aliquots at the indicated
time. After separating the [y-">P] ATP from the peptides on a
DEAE-sephacel column, the radioactivities were measured by using
liquid scintillation counter (LSC).
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Figure 2. Quantitative separation of non-phosphorylated and
phosphorylated peptides. A peptide library (Met-Ala-X-X-X-X-
Ser-X-X-X-X-K-X-A-N-N-N) was phosphorylated by GST-UL97.
After separating the [y-2P] ATP from the peptides on a DEAE-
sephacel column, the peptide mixture was loaded on a column of
ferric-IDA beads. The column was eluted with 3 ml of Buffer A
(50 mM MES, 1 M NaCl, pH 5.5) (Arrow 1), 2 ml of water
(Arrow 2), 2 ml of 0.1% (NH4)OAc pH 9.5 (Arrow 3) and 2 ml
of 0.1% (NH,;)OAc pH 11.5 (Arrow 4), 4 ml of 100 mM EDTA,
pH 8.0 (Arrow 5); Solutions were added at the positions indicated
by the arrows. All elutions were at 0.5 ml/min and 1 ml fractions
were collected. The radioactivities at each fraction were expressed
as c.p.m.
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Figure 3. Substrate specificity of UL97 detected by the degenerate peptide library. The phosphopeptides produced by phosphorylating
the serine-kinase substrate library with UL97 were sequenced. Each panel indicates the relative abundance of the 15 amino acids at a
given cycle of sequencing. For example, (a) is cycle 3, the first degenerate position in the library mixture. Cycle 7 (not shown) is the site
of phosphorylation (phosphoserine) and cycle 12 (not shown) is the site of lysine. Thus, (a-d) indicate amino acid preferences at positions
-4, -3, -2, -1 amino terminal to the phosphorylation site, respectively, and (e-i) indicate, respectively preferences at positons +1, +2, +3, +4,
+6 carboxy-terminal to the phosphorylation site. Value at y-axis indicates the relative amount of each amino acid at each cycle. The
single-letter amino-acid code is used: A, Ala; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln;

R, Arg; S, Ser; T, Thr; V, Val; Y, Tyr.
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3. Phosphopeptide2| &z2|

o] A&l FQa3 WA= librarydll 22 non-phospho-
peptide ZH-E] 22 k2] phosphopeptidesE AHX oz H
2]3}= A o]t} Phosphopeptide] 2]+ ferric iminodiacetic
acid (IDA) A#HS o] &ato] =85t} (Fig. 2). Buffer A%}

Table 1. Comparison of the conserved sequences of typical protein
kinases with UL97 protein kinase

Kinases

Conserved Sequences

Cyclin-dependent kinase

Protein kinase A
Protein kinase C

UL97 protein kinase

XXXS/TPXKX
RRXS/TX
RXXS/TXRX
XXXXS/TXXXXK
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-2 non-phosphosphorylated peptide2] 99.9% ©]’d-2 A A3}
WA=, p-labeled phosphopeptidecl] = 71¢] <ddko] Qi)
90% ©]/¢2] phosphopeptide”} 0.1% (NH,)OAc (pH 11.5)%
=5 o] Ugtth 184 nonphosphorylated peptide®] <31
©| phosphopeptide mixture”} 2] %] Y-kt

4. UL97= <8t optimal peptide sequence

UL97°l th3F optimal peptide sequence= S515}A LFERL}
= A flo] dF- ARl egte] Aado] BTt (Fig. 3).
P+1 3} P+2 §JA]9l Nof| thak ekgte] ZHaAS Holal, P+2
A ol= Mell gk 9kghe] ko] Belvk T1v]al, P+4%}
P+6oll Kol djgh ozte] AadS Helt) 7]&e) W <l
24shE = el =57 v wEbA (Table 1) P+5 X7} 52
sttt AL AQstars AA conserved sequencel“c zho}
1Y) FEQT HElo|= glo|BjE| 2R E 9 A=
P-13} P2 9xollA 2 F ofu]Abe] tigk oFzke] di‘ia
B ¥ IA conserved ol :A4hE QTEAE @E A
U} ol AN HE] ULYTS P+5 9119 K7} 713
H opuzto g FHo] FHrl o] UL97°] Ganciclovirs}
s FA VAR O] o g e AR HolA V)
2 Foldd diziA H& 2HEHS 71 e AR
HojZlt} Ao g, Eﬂ—rl'ﬂrgl chila Q14ksl g4+= P3

oA P+3 x| 54 oAt X 71201 718 BolAdel &
L3} (20). SHAIRE B AFATLE 3
cbelE]= el B P+5 fR|ol] KE 2Feta s A5
itz & ElE As RIS P+5 AT F 838k
L UL97e] v wid QIAkst gl EAfshs 714
Q12)5}= subdomain®] Ith= A3} AAT JS-S HojFLlh
E3] UL972 P-3 A A9 basic I71E QFHSAT = A=
4% subdomain VF VI §1A]°ll acidic #7117} ?‘z'@ & o]
Atk 28I, vhE gild ksl a4 pr1d AFske
subdomain VIIIE 7FAlaL UA] &t} (7,20). ?ﬂxﬂﬂ}xl‘”
P+5 91X 9} 2He-& s TulE Qs aaAe & dEA
A &t wekA o] & ]5_ 7°ﬂ EHUL T2 S

m\l

conserve

lol, Fo] oW R97}
A ol AL o B QU el 442 ol
e ol B2 & T S Aotk

ZAte 2
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