Table 3 Blood chemistry

Study No. 10K0066N

Test Dose Animal AST (UL)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 528 647 698 925 1374 1190 1330
112 491 583 709 12095 2184 1814 2007
Mean 510 615 704 1067 1779 1502 166.9
10 121 394 507 453 610 676 588 774
122 654 635 691 973 1112 790 100.1
Mean 524 571 572 792 894 689 888
30 131 356 354 365 452 727 519 571
132 651 793 937 1245 1243 822 832
Mean 504 574 651 849 985 671 702
Test Dose Animal ALT (U/L)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 1m 628 653 590 666 840 835 855
112 654 639 631 695 870 921 1044
Mean 641 646 611 681 855 878  95.0
10 121 455 486 461 473 537 531 598
122 701 695 710 769 806 824 910
Mean 578 591 586 621 672 678 754
30 131 436 422 448 432 517 489 497
132 535 585 592 664 702 710 729
Mean 486 504 520 548 610 600 613
Test Dose Animal ALP (U/L)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 3650 3739 3429 3530 3988 3534 36638
112 1684.1 1656.2 16121 16551 1691.6 1443.6 1559.7
Mean  1024.6 10151 977.5 1004.1 10452 8985 963.3
10 121 1661.3 1785.2 16812 16767 17559 15873 1646.0
122 1913.8 1887.6 1879.5 20124 19522 18124 18978
Mean  1787.6 18364 17804 18446 18541 16999 17719
30 131 1169.6 1159.1 12365 11845 11720 11274 11413
132 1562.9 16367 1617.6 17427 16949 15425 1555.5
Mean 13663 1397.9 1427.1 1463.6 1433.5 13350 13484
Test Dose Animal LDH (U/L)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 364.1 5505 6729 7824 13264 9306 1292.1
112 407.1 5420 7014 10922 1421.8 9868 1073.7
Mean 3856 5463 6872 9373 13741 9587 11829
10 121 327.6 4026 4941 6085 6652 4785 7136
122 5159 650.8 8649 14668 17237 9006 1261.1
Mean 421.8 5267 679.5 1037.7 11945 6896 987.4
30 131 329.5 3236 3349 3803 4488 4048 4325
132 4329 557.8 7726 11149 7760 4895 4888
Mean 381.2 4407 5538 7476 6124 4472 4607
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Study No. L0K0066N

Table 3 Blood chemistry (continued)

Test Dose Animal v-GTP (U/L)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 288 29.4 272 27.2 307 30.6 306
112 47.7 44.4 43.1 45.1 45.2 41.9 44.2
Mean 38.3 36.9 35.2 36.2 38.0 36.3 37.4
10 121 553 58.0 55.7 53.1 56.7 53.4 54.5
122 67.0 65.8 66.4 68.9 67.7 64.4 67.2
Mean 61.2 61.9 61.1 61.0 62.2 58.9 60.9
30 131 67.8 67.0 71.0 66.2 65.2 64.7 65.2
132 62.1 64.2 62.4 66.2 64.0 62.4 63.5

Mean 65.0 65.6 66.7 66.2 64.6 63.6 64.4

Test Dose Animal CK (UL)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h  24h
AcPepA 2 111 2156 5713 10314 21459 77694 64760 8976.4
112 653 611.8 19200 69768 100950 36803 3320.1
Mean 1405 591.6 14757 4561.4 89322 50782 61483
10 121 778 1404 3239 9274 14630 4825 11364
122 3408 953.6 20762 66958 76168 22500 37363
Mean 2093 547.0 1200.1 3811.6 4539.9 13663 2436.4
30 131 76.5 558 499 4402 6462 1207 123.6
132 846.6 16419 31734 76460 41803 7958 663.7

Mean 461.6 8489 1611.7 4043.1 24133 4583 3937
_: measured by 2-fold dilution.

Test Dose Animal Mb (ng/mL)
substance  (mg/kg) No. pre 1h 2h 4h 8h 200 24h
AcPepA 2 111 148 336 439 924 1054 213 433
112 88 884 1430 1508 946 99 111
Mean 118 610 935 1216 1000 156 272
10 121 133 202 360 537 487 159 321
122 91 185 315 418 264 75 166
Mean 112 194 338 478 376 117 244
30 131 50 55 62 491 178 49 72
132 273 472 932 1012 442 134 139
Mean 162 264 497 752 310 92 106

_: measured by 2-fold dilution.

Test Dose Animal K (mEqg/L)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 1 6.0 5.0 4.2 42 5.4 5.0 48
112 41 43 4.3 4.5 3.7 4.7 3.8
Mean 5.1 4.7 43 4.4 4.6 4.9 4.3
10 121 5.1 6.6 5.1 6.3 6.7 6.7 6.0
122 54 5.1 6.0 5.8 4.7 55 4.7
Mean 5.3 5.9 5.6 6.1 57 6.1 5.4
30 131 5.0 46 5.4 4.7 4.7 54 5.1
132 4.2 4.8 4.8 43 4.6 4.5 4.7
Mean 46 4.7 5.1 4.5 47 5.0 4.9
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Table 4 Blood chemistry - %Change to pre-dosing value

Study No. 10K0066N

Test Dose Animal AST (%Change)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 100 123 132 175 260 225 252
112 100 119 144 246 445 369 409
Mean 100 121 138 211 353 297 331
10 121 100 129 115 155 172 149 196
122 100 97 106 149 170 121 153
Mean 100 113 111 152 171 135 175
30 131 100 99 103 127 204 146 160
132 100 122 144 191 191 126 128
Mean 100 111 124 159 198 136 144
Test Dose Animal ALT (%Change)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 100 104 94 106 134 133 136
112 100 98 96 106 133 141 160
Mean 100 101 95 106 134 137 148
10 121 100 107 101 104 118 117 131
122 100 99 101 110 115 118 130
Mean 100 103 101 107 117 118 131
30 131 100 97 103 99 119 112 114
132 100 109 111 124 131 133 136
Mean 100 103 107 112 125 123, 125
Test Dose Animal ALP (%Change)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 100 102 94 97 109 97 100
112 100 98 96 98 100 86 93
Mean 100 100 95 98 105 92 97
10 121 100 107 101 101 106 9% 99
122 100 99 98 105 102 95 99
Mean 100 103 100 103 104 96 99
30 131 100 99 106 101 100 9% 98
132 100 105 103 112 108 99 100
Mean 100 102 105 107 104 98 99
Test Dose Animal LDH (%Change)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 100 151 185 215 364 256 355
112 100 133 172 268 349 242 264
Mean 100 142 179 242 357 249 310
10 121 100 123 151 186 203 146 218
122 100 126 168 284 334 175 244
Mean 100 125 160 235 269 161 231
30 131 100 98 102 115 136 123 131
132 100 129 178 258 179 113 113
Mean 100 114 140 187 158 118 122
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Table 4 Blood chemistry - %Change to pre-dosing value (continued)

Study No. 10K0066N

Test Dose Animal v-GTP (%Change)
substance  (mg/kg) No. pre l1h 2h 4h 8h 20h 24h
AcPepA 2 111 100 102 94 94 107 106 106
112 100 93 90 95 95 88 93
Mean 100 98 92 95 101 97 100
10 121 100 105 101 9% 103 97 99
122 100 98 99 103 101 96 100
Mean 100 102 100 100 102 97 100
30 131 100 99 105 98 96 95 9%
132 100 103 100 107 103 100 102
Mean 100 101 103 103 100 98 99
Test Dose Animal CK (%Change)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 m 100 265 478 995 3604 3004 4163
112 100 937 2940 10684 15459 5636 5084
Mean 100 601 1709 5840 9532 4320 4624
10 121 100 180 416 1192 1880 620 1461
122 100 280 609 1965 2235 660 1096
Mean 100 230 513 1579 2058 640 1279
30 131 100 73 65 575 845 158 162
132 100 194 375 903 494 94 78
Mean 100 134 220 739 670 126 120
Test Dose Animal Mb (%Change)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 100 227 297 624 712 144 293
112 100 1005 1625 1714 1075 113 126
Mean 100 616 961 1169 894 129 210
10 121 100 152 271 404 366 120 241
122 100 203 346 459 290 82 182
Mean 100 178 309 432 328 101 212
30 131 100 110 124 982 356 98 144
132 100 173 341 371 162 49 51
Mean 100 142 233 677 259 74 98
Test Dose Animal K (%Change)
substance  (mg/kg) No. pre 1h 2h 4h 8h 20h 24h
AcPepA 2 111 100 83 70 70 90 83 80
112 100 105 105 110 90 115 93
Mean 100 94 88 90 90 99 87
10 121 100 129 100 124 131 131 118
122 100 94 111 107 87 102 87
Mean 100 112 106 116 109 117 103
30 131 100 92 108 94 94 108 102
132 100 114 114 102 110 107 112
Mean 100 103 111 98 102 108 107
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Table 5 Gross pathological findings

Test substance AcPepA
Dose (ng/kg) 10 30
Findings Animal No. 111 112 121 122 131 132
Injection site (subcutaneous)
Dark red spot + o+ + o+ + o+
+: Present.
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Study No. 10K0066N

Table 6 Histopathological findings

Test substance AcPepA
Dose (mg/kg) 2 10 30
Findings Animal No. 111 112 121 122 131 132
Liver
Increase, neutrophil, sinusoid 0 0 0 0 0 1
Deposition, brown pigments, Kupffer cell 1 0 0 0 1 0
Microgranuloma (mainly macrophages) 0 0 0 0 0 1
Increase, vacuolated cell, sinusoid 0 1 1 0 0 0

Heart

Cellular infiltration, mononuclear cell, right ventricle, focal 1 0 1 0 0 0
Cellular infiltration, mononuclear cell, left ventricle, focal 1 0 1 0 1 0
Degeneration, myocardium, right ventricle, focal 1 0 0 0 0 0
Degeneration/necrosis, myocardium, left ventricle, focal 1 1 1 1 1 0
Mauscle 0 0 0 0 0 0

0:No change, 1: Very slight, 2: Slight, 3: Moderate, 4: Marked.
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Rescue with an anti-inflammatory peptide of chickens infected HSN1 avian flu.
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Chickens suffering from avian flu caused by H5N1 influenza virus are destined to die within 2
days due to a systemic inflammatory response. Since HVJ infection (1,2) and influenza virus
infection (3,4) cause infected cells to activate homologous serum complement, the systemic
inflammatory response elicited could be attributed to the unlimited generation of C5a
anaphylatoxin of the complement system, which is a causative peptide of serious inflammation.
In monkeys inoculated with a lethal dose of LPS (4 mg/kg body weight), inhibition of C5a by
an inhibitory peptide termed AcPepA (5) rescued these animals from serious septic shock which
would have resulted in death within a day (6).  Therefore, we tested whether AcPepA could
also have a beneficial effect on chickens with bird flu.  On another front, enhanced production
of endothelin-1 (ET-1) and the activation of mast cells (MCs) have been implicated in
granulocyte sequestration (7). An endothelin receptor derived antisense homology box peptide
(8) designated ETR-P1/fl was shown to antagonize endothelin A receptor (ET-A receptor) (9)
and reduce such inflammatory responses as endotoxin-shock (10) and hemorrhagic shock (11),
thereby suppressing histamine release in the circulation (12). Thus, we also administered
ETR-P1/fl to bird flu chickens expecting suppression of a systemic inflammatory response.

Although AcPepA treatment of bird flu chickens had no beneficial effect, ETR-P1/fl
administration rescued all chickens from the lethal inflammatory response (Table 1). ET-1
release is involved in histamine liberation and subsequent secondary granulocyte accumulation
through tissue-specific activation of ET-A receptors, The direct effect of ET-1 induction is
mainly pulmonary neutrophil activation, although MC-associated secondary changes are
important in intestinal granulocyte recruitment (13).  Therefore, ET-1-induced inflammation
was lethal to the bird flu chickens but suppression of the ET-1 response by ETR-P1/f] rescued
the infected birds from inevitable death.
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Although AcPepA is a complementary peptide generated to target a portion of human
Cba (aa 37-53) inhibiting its function, it might not be reactive to chicken C5a, and could
fail to inhibit a cytokine storm in the virus-infected chickens. Therefore, the
ineffectiveness of AcPepA on H5N1 influenza virus does not suggest that Cba inhibition
could not be used as a therapeutic strategy for virus-infected patients.

On the other hand, another anti-inflammatory peptide, ETR-P1/fl, inhibited the
induction of lethal symptoms following infection with H5N1 influenza virus. ETR-P1/1
could intexfere with chicken endothelin activity, indicating that inhibition of the
endothelin effect could be a promising therapy for treatment of patients suffering from
bird flu infection resulting in serious pneumonia. Not only ETR-P1/fl, but other
inhibitory agents of endothelin as well could become candidates for the therapeutic
treatment of HGN1 influenza virus infection.
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Table 1
Treatment * Number of animals Number of survivors

ondayl onday2 onday3
H5N1IV* only 5 5 0 0
HSN1 IV + AcPepA (2mg/kg)® 5 s 0 0
H5N1 IV + ETR-PV/fl (0.2mg/kg)* 5 5 5 st

* H5N1 influenza virus (H5N1 IV) preparation at 10>3 TCIDs, consisted of a culture
supematant of infected MDCK cells in GIT medium. Male chickens weighing 80 g (10 days
of age) were intranasally inoculated with 0.2 ml of the HSN1 IV preparation on day 0.
SFollowing the virus inoculation, 0.08 m! of AcPepA (2 mg/ml in saline) were injected
intramuscularly into the femoral region at a concentration of 2 mg/kg body weight. The same
dose of AcPepA was injected on day | and day 2 as well.

* The two chickens used for ETR-P1/f1 (0.2 mg/ml in saline) treatment were injected with 0.08
mli of the agent only on day 0, and the other 3 chickens were injected on day 1 and day 2 as well.
All the ETR-P1/fl-treated chickens survived beyond 3 days.
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SUMMARY

Using a novel genetic algorithm, a computer program (COMPEP) has been designed to
create peptides able to interact with a peptide target 10 amino acids in length. A computer
learning methodology was used to select and inter-correlate a number of physicochemical pa-
rameters in order to evaluate the affinity of a pair of peptides, then this function was used as
the “fitness function” in the genetic algorithm (GA) to select the best complementary amino
acid sequences to a particular target sequence. A fragment of the C-terminal of Ca anaphyla-
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toxin (C5a-decapeptide) was chosen as the target sequence. Millions of potential complemen-
tary peptides (C-peptides) generated with the genetic algorithm were ranked according to
physicochemical parameters during the evolutionary process. The parameters were altered for
several runs. Peptides with the highest scores were selected and then synthesized by solid-
phase peptide synthesis on a peptide array. Five hundred peptides were synthesized, and their
ability to bind with the C5a-decapeptide was determined. Sixty nine of the peptides showed

significant binding.

Keywords: C5a; complementary peptide; genetic algorithm; hydropathy

INTRODUCTION

We previously generated a computer program, MIMETIC (7), which successfully gener-
ated complementary peptides (c-peptides) to HIV-1reverse transcriptase (7), thrombo-
modulin (26) as well as a region of C5a (13). The complementary peptide to C5a named
PepA efficiently blocked C5a activity, rescuing rats from lethal shock induced by a mAb to
Crry (13), and acetylation of the N-terminal alanine of PepA increased inhibitory effect so as
to inhibit skin inflammation by C5a (24). However, MIMETIC requires a target peptide se-
quence of at least 15 amino acids in length and preferably longer. Therefore we created a com-
puter program COMPEP, which is able to work with target peptides of 10 amino acids or less
in length. Using the genetic algorithm, COMPEP generated potential c-peptides in 10000 it-
erations and evaluated their physicochemical parameters. Scores were assigned to the peptides
based on goodness of fit to the target. Since the relative importance (weight) of parameters
considered in protein-protein interaction is not yet well established, several combinations of
parameter scoring were tried (Table 1),

The fitness function in the genetic algorithm (GA) embedded in COMPEP has the form

of the following expression:
N
PA=3% (PR +woPhY 4+ +w.PhY)

where PA is the peptide affinity, Phi¥ the difference in values of a particular physicochemical
parameter between the generated amino acid sequence and the respective amino acid in the tar-

get sequence at position j; w; the weight for the i* physicochemical parameter, N the number of
q p phy p
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TasLe 1. Combinations of weighting (W) of each parameter for different
scoring systems used.

Combination of
parameters weighting Hydropathy (W,) Charge (W,) Buikinass (Wy)
1 100 0 0
2 100 10 10
3 100 20 10
4 100 30 10
5 100 40 10
6 100 50 10
7 100 60 10
8 30 10 10
9 90 20 10
10 90 30 10
11 80 40 10
12 80 50 10
13 80 60 ) 10
14 80 10 . 10
15 80 20 ! 10
18 80 30 10
17 80 40 10
18 80 50 10
19 80 60 10
20 10 10 10
21 70 20 10
22 10 30 10
23 70 40 10
24 .10 50 10
25 70 60 10

amino acids in the target sequence and m the number of physicochemical parameters taken into
account to compute the PA. Consequently, high values of PA mean high affinity of that pep-
tide for the target peptide.

In this way, millions of potential c-peptide candidates generated by the genetic algorithm
were ranked. Peptides with the best scores were selected and synthesized by solid-phase pep-
tide synthesis (3) to determine if any of them could interact with the target peptide.

In this study we generated peptides able to interact with human complement anaphyla-
toxin C5a, C5a is a 74-aa peptide cleaved from complement factor 5 (C5) during complement
activation (10, 14). Cb5a is a potent anaphylatoxin and induces a highly effective inflamma-
tory response even at a concentration as low as 107™"M (15). Hyper-generation of Cba can
lead to harmful inflammatory effects such as sepsis, psoriasis, asthma, rheumatoid arthritis and
other debilitating conditions (2). Cb5a interacts with its receptor, C5aR (CD 88), at the middle

- 182 -



