Virus and Bacterial Membrane Proteins

Clifford J Hawkins BSc PhD DSc

Two viruses and seven bacteria have been chosen as examples to illustrate the structures of membrane proteins.

Influenza

All the pathogenic subtypes and mutations of the influenza virus so far identified have an abundance of particular
prolyl peptides (XPY, where P is proline and one or both of the adjacent amino acids, X and Y, are hydrophilic
amino acids — love water) in their hemagglutinin and neuraminidase surface membrane proteins. (see Figure 1: the
hemagglutinin and neuraminidase proteins are the hair-like structures on the surfaces of the viruses) In addition,
neuraminidase proteins - essential for host cell invasion and proliferation and in
the former, for causing an immune response that damages the host’s organs -
in each variant of the influenza virus for which the structures are known.

For example, the sequence of N1 neuraminidase in the Japan/China H5N1
avian influenza (Mase, M., Eto,M., Tanimura,N., Imai,K., Tsukamoto,K.,
Horimoto,T., Kawaoka,Y., Yamaguchi,S. "Isolation of a genotypically unique
H5N1 influenza virus from duck meat imported into Japan from China” Virology
Figure 1: influenza virus 339 (1), 101-109 (2005)) has multiple
potential sites for ginger enzyme hydrolysis (bolded): these sites are adjacent
to P-3, 48, B8, 120, 154, 167, {68, 198, 246, 272, 288, 302, §28, 328, 340, 377,

: : : B HH0, 420, 431, and 458, and the blue highlighted prolines are conserved over
the three H5N1, the H1N1 swine flu of 1918 and 2009, and HIN7 bird flu, with the pink highlighted prolines are not
conserved in the HON7 bird flu:

1 MNPNQKITTI GSICMVIGIV SLMLQIGNII SIWVSHSIQT GNQHQAEPCN QSIITYENNT

61 WVNQTYVNIS NTNFLTEKAV NLVTLAGNSS LCPISGWAVY SKDNGIRIGS KGDVFVIREP
121FISCSHLECR TFFLTQGALL NDKHSNGTVK DRSPHRTLMS CPVGEAPSPYNSRFESVAWS
181ASACHDGTSW LTIGISGPDN GAVAVLKYDG IITDTIKSWR NNILRTQESE CACVNGSCFT
241VMTDGPSNGQ ASYKIFRIEK GKVVKSAELNAPNYHYEECSCYPDAGEITCVCRDNWHGSN
301RPWVSFNQNL EYRIGYICSG VFGDNPRPNDGTGSCGPVSPKGAYGIKGFSFRYGNGVWIG
361RTKSTNSRSG FEMIWDPNGW TGTDSNFSVK QDIVAITDWSGYSGSFVQHPELTGLDCIRP
421CFWVELIRGR PKESTIWTSG SSISFCGVNS DTVGWSWPDG AELPFTIDK

Each letter in the sequence represents an amino acid. The important hydrophilic amino acids adjacent to prolines
are: asparagine, N; glutamate, E; cysteine, C; serine, S; histidine, H; aspartate, D; arginine, R; lysine, K; tyrosine,
Y.

Cleavage of the neuraminidase proteins by the ginger enzyme will prevent the virus invading the host cells and
prevent proliferation of the virus in the host.

The identified epitopes for hemagglutinin are not linear peptides but are what is called “conformational” epitopes in
which the participating amino acids are brought together via the three-dimensional structure of the protein. Seven
of the H1N1 2009 (Swine flu) active prolyl peptides are included in the conformational epitopes and six of these are
conserved prolines in H1 and H5. Numerous other non-proline amino acids in the epitopes are not conserved.(
Deem, M.W., Pan, K. “The epitope regions of H1-subtype influenza A, with application to vaccine efficacy” Protein
Eng., Design & Selection, 1-4 (2009,July 3))

EPITOPES (CONFORMATIONAL)

A: RQLSSFERFPKSWPNHDKGTWGD

B: VSCPHAGAFKDKGKE LVL GIHH

C: DTVLENVVTH AFAMER AGSSSHTQPKNTLPFQNI

D: AYIVDLLVKKGNSYPLSSSDQSLYQNADTYVFV SKKFKPVDERNYY
E: VNLEKHNLLGKCNIAG LGNPETFEATGLR

Underlined letters are three or more amino acid linear peptides.
Yellow highlighted letters are part of an active proline peptide group which is cleaved by the ginger
enzyme.



The inhibitors currently on the market function differently to the ginger enzyme: they are specifically designed to
‘plug’ the active site of neuraminidase where the neuraminidase opens the virus’ surface membrane so the virus
can enter the host’s cells. They rely on the amino acids that surround the active site (glutamate, arginine and
aspartate) to stabilize the binding of the plug in the hole. (see Figures 2). The above N1 variant in H5N1 bird flu
does not have arginine, R, in positions 92 and 371 and subsequently the binding and efficacy of the ‘plug’ could be
significantly reduced.
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Figure 2: The influenza virus invades a host cell by initially binding to receptors on the host cell,

one of which binds to the hemagglutinin (H) on the virus, and one with sialic acid (SA)

which binds to the neuraminidase (N) protein on the virus. Current inhibitors such as Relenza are

designed to mimic the sialic acid and to bind to the neuraminidase blocking the link to

the host cell. The Biohawk ginger product acts (on the right) like a pair of scissors and specifically cuts off the
hemagglutinin and neuraminidase proteins from the surface of the virus completely preventing the virus infecting the
cell and replicating itself.

Importantly, although the various H5 structures show significant mutations, the potential sites for ginger enzyme
hydrolysis are largely conserved and number at least 15. In the H5-hemagglutinins recently found in the Vietnam
(Nguyen T.D., Hanh T.H., Puthavathana P., Long H.T., Buranathai C., Lim W., Webster R.G., Hoffmann E.
"Lethality to Ferrets of HSN1 Influenza Viruses Isolated from Humans and Poultry in 2004" J. Virol. 79, 2191-
2198 (2005))and Japan/China variants, and previously identified in Singapore H5N1 avian influenza (Ha, Y.,
Stevens, D.J., Skehel, J.J., Wiley, D.C. “Structure of Avian H5 Haemagglutinin Complexed with LSTA” Proc. Nat.
Acad. Sci. USA, 98, 11181 (2001)), the prolines are conserved. In addition there is an extra proline, P-233, in the
Singapore H5N1, which has the hydrophilic arginine and lysine adjacent to it, but in the Vietnam and Japan/China
variants, proline is replaced by serine. The hydrophilic amino acids adjacent to the prolines are also conserved,
except for those adjacent to P-101 with asparagine (N-100) for the Vietnam and Singapore variants and serine (S-
100) for the Japan/China protein, P-108 with the non-hydrophilic glycine for the Vietnam and Japan/China variants
and the hydrophilic glutamate adjacent to the proline for the Singapore variant - giving an additional site for
hydrolysis, P-134 with lysine for the Vietham and Japan/China proteins and with arginine for the Singapore protein,
and for P-337, which has glutamine following it for all three but with serine before the proline for the Vietnam and
Japan/China variants and valine for the Singapore protein. The target prolines for ginger enzyme hydrolysis are: P-
65, 81, 90, 101, 108 (Singapore only), 134, 174, 197, 210, 227, 233 (Singapore only) 251, 266, 297, 312, 319, 337,
506.

This gives the ginger enzyme excellent opportunity to hydrolyze the H5 at multiple sites. The conservation of the
prolyl residues in the hemagglutinin structures is suggestive of these having a specific role in the function of the
protein. Hydrolysis by Biohawk’s ginger at these specific sites in the neuraminidase and hemagglutinin proteins,
would cleave them from the virus inhibiting its ability to invade host cells and to proliferate. Further, hydrolysis of
the hemagglutinin structure would prevent this viral protein from stimulating damaging cytokine fluxes.
Independent studies have confirmed the ginger enzyme inhibits H5N1 bird flu (Selleck, P “Efficacy of Zingibain in
inactivating H5N1 Avian Influenza Virus” Report July 2007- A/chicken/Vietnam/8/2004 H5N1)

Papilloma Virus

All capsid proteins of papilloma viruses are proline-rich with a high degree of conservation of the proline peptides.
The known structures of the proteins associated with common warts and with anogenital papilloma infections are
as follows. The proline peptides are highlighted:
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. MWRPSDNKLYVPPPAPVSKVLTTDAYVTRTKIFYHASSSRLLAVGNPYFPIRK..... ANKTIVPKVSGFQF
MSMWRPSDSKVYLPP...PVSKVVSTDEYVSRTSIYYHAGSSRLLAVGHPYYAVKK..GNNKVSVPKVSGLQY
MALWRSSDNLVYLPP.TPVSKVISTDD....YVTRTNIYYYAGSSRLLTVGHPHYSIPKSSGNKVDVPKVSAFQY
MALWRPNESKVYLPP.TPVSKVI..STDVYVTRTNVYYHGGSSRLLTVGHPYYSIKK....SNNKVAVPKVSGYQY
MALWRPNESKVYLPP.TPVSKVI..STDVYVTRTNVYYHGGSSRLLTVGHPYYSIKK..GSNNRLAVPKVSGYQY
MAMWRPNESKVYLPP.TPVSKVL.STDVYVTRTNVYYHGGSSRLLTVGHPYYSIKK SGNNKVSVPKVSGYQY
MALWRTSDSKVYLPP.TPVSRVVNTDE...YVTRTGIYYYAGSSRLLTLGHPYFSIPK... TGQKAEIPKVSAYQY

RVFKIVL..PDPNKFALPDTSIFDSTSQRLVWACI...GLEVGRGQPLGVGYCGHPCLNKFDDVENSASYAVNPGQDNR
RVFRVRLPDPNKFGLPDANFYDPNTQRLVWACLGVEVGRGQPLGVGTSGHPLLNKLDDTENGPKVAGGQGADNR
RVFRVRLPDPNKFGLPDARIYNPEAERLVWACTGVEVGRGQPLGVGLSGHPLYNKLNDTENSNIAHAENGQDSR
RVFHVKLPDPNKFGLPDADLYDPDTQRLLWACVGVEVGRGQPLGVGVSGHPYYNRLDDTENAHTPDT..ADDGR
RVFHVKLPDPNKFGLPDADLYDPDTQRLLWACVGVEVGRGQPLGVGVSGHPYYNRQDDTENAHTLDS. AEDGR
RVFHVKLPDPNKFGLPDANLYDPDTQRLLWACVGVEVGRGQPLGVGISGHPYYNKQDDTENSHNPDA..ADDGR
RVFRVHLPDPNKFGLPDPQLYNPDTERLVWACVGVEVGRGQPLGIGLSGHPLFNKLDDTENSHLATVNADTDNR
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VNVAMDYKQTQLCLVGCAPPLGEHWGKGKQCSGVSVQDGDCPPLELVTSVIQDGDMVDTGFGAMDFAELQSNKS215

ECVSMDYKQTQLCMLGCKPPVGEHWGKGNPC.. TTGAAGDCPALELVNSVIQDGDMVDTGYGAMDFNALQANKS
DNIAVDYKQTQLCILGCTPPMGEHWGKGTVCARTSSAAGDCPPLELMTTHIEDGDMVDTGYGAMDFAALQVNKS
ENISMDYKQTQLFILGCKPPIGEHWSKGTTC.NGSSAAGDCPPLQFTNTTIEDGDMVETGFGALDFATLQSNKS
ENISMDYKQTQLFILGCKPSIGEHWSKGTTC.NGSSAAGDCPPLQFTNSTIEDGDMVETGFGALDFATLQSNRS
EYISMDYKQTQLFILGCKPPIGEHWSKGTTC.SGSSAVGDCPPLQFTNTTIEDGDMVETGFGALDFAALQSNKS
DNVSVDNKQTQLCIIGCTPPLGEHWGIGTICKNTQTQRGDCPPLELISSIIEDGDMIDTGFGAMDFTALQATKS

DVPLDICTSTCKYPDYLQMAADPYGDRLFFYLRKEQMFARHFFNRAGTVGEQIPDELFVKGTT...SRATVSSN
DVPIDICTSVCKYPDYLKMASDPYGDSLFFYLRREQMFVRHLFNRAGTMGDSVPDDLYIKGSG...SNVKLASH
DVPLDICQSTCKYPDYLGMAADPYGDSMFFFLRREQLFARHFFNRAGVVGDKIPDSLYLKGNN...GRETPGSA
DVPLDICTNTCKYPDYLKMAAEPYGDSMFFSLRREQMFTRHFFNLGGKMGDTIPDELYIKSTS....VPTPGSH
DVPLDICTNVCKYPDYLKMAAEPYGDSMFFSLRREQMFTRHFFNRAGKMGDTIPDELYIKSTT....ISDPGSH
DVPLDICTNICKYPDYLKMAADPYGDSMFFSLRREQMFTRHFFNRGGSMGDALPDELYVKSST....VQTPGSY
DVPIDISQSTCKYPDYLKMSADTYGNSMFFFLRREQLFARHFYNKAGAVGDAIPTTLYIKGAES..GREPPTSS

IYFNTPSGSLVSSEAQLFNKPYWLHKAQGHNNGICWGNTLFVTVVDTTRSTNMTVCASTTSSP...SATYTASE
VFYPTPSGSMVTSDAQLFNKPYWLQKAQGHNNGICWGNQVFLTVVDTTRSTNMTLCASTASTV...TTPYNNES
IYSPTPSGSMVTSEAQIFNKPYWLQQAQGHNNGICWANQVFLTVVDTTRSTNMSLCATTESQP...LTTYDATK
VYTSTPSGSMVSSEQQLFNKPYWLRRAQGHNNGMCWGNRVFLTVVDTTRSTNVSLCATEASDT....NYKATN
VYTSTPSGSMVSSEQQLFNKPYWLRRAQGHNNGMCWGNRIFLTVVDTTRSTNVSLCAAEVSDN.... TNYKATN
VYTSTPSGSMVSSEQQLFNKPYWLRRAQGHNNGMCWGNRIFLTVVDTTRSTNVSLCATVTTET....NYKASN
IYSATPSGSMVTSDAQLFNKPYWLQRAQGHNNGICWGNQLFVTCVDTTRSTNLTISTLSAASA...STPFKPSD

YKQYMRHVEEFDLQFIFQLCTIKLTAELMAYIHTMNPTVLEEWNFGLSPPPNGTLEDTYRYVQSQAITCQK.P.
FKEYLRHVEEFDLQFIFQLCKVTLNTEVMAYIHSMDASILEDWNFGLQPPPSGSLQDTYRFVTSAAITCQK.P.
IKEYLRHGEEYDLQFIFQLCKVTLTPEIMAYLHTMNSALLEDWNFGLTLPPSTSLEDTYRFVTSSAITCQK.D.
FKEYLRHMEEYDLQFIFQLCKITLTPEIMAYIHNMDPQLLEDWNFGVPPPPSASLQDTYRYLQSQAITCQK.P.
FKEYLRHMEEYDLQFIFQLCKITLTPEIMAYIHNMDPQLLEDWNFGVPPPPSASLQDTYRYLQSQAITCQK.P.
YKEYLRHMEEYDLQFIFQLCKITLTPEIMAYIHNMDARLLEDWNFGVPPPPSASLQDTYRYLQSQAITCQK.P.
YKQFIRHGEEYELQFIFQLCKITLTTDVMAYIHLMNASILEDWNFGLTLPPTASLEDAYRFIKNSATTCQR.N.

T.PDKEKQDPYAGLSFWEVNLKEKFSSELEQYPLGRKFLLQTGVQSTSLARAG...TKRAA....STST.ATP
A.PPKEKEDPLAKYTFWEVDLKEKFSADLDQFPLGRKFLLQAGMRARPTLRAP... KRTAS...STSSS.SPR
L.APTEKQDPYAKLNFWDVDLKDRFTLDLSQFPLGRKFLLQIGARRRSVVPSR....KRRT.... TTTAPTPA
T.PPKTPTDPYASLTFWDVDLSESFSMDLDQFPLGRKFLLQRGAM.PTVSRKR....AAVS....GTTP.PTS
T.PPKTPTDPYANMTFWDVDLRESFSMDLDQFPLGRKFLLQRGTT............... P....TVSR.KRT
T.PPKTPTDPYATMTFWDVDLSESFSMDLDQFPLGRKFLLQRGAT..PTVSRK....RAAA....TAAA PTA
A.PPVPKEDPFQKFKFWDVDLKEKFSIDLDQFPLGRKFMLQAGIQRRPKLGTK....RPLS.....STS..SST

TR.KKVKRK..... 501
KR.KRTKR...... 500
KR.KRSKK...... 503
KR.KRVRR...... 494
AV.GRGH....... 485
KR.KKVRR...... 494
KR.KKRKLTK.... 503
KK.KVKR....... 503
KR.KKVKK...... 498
RK.KVKR....... 500

V L1A Sequences-Anogenital

V32
V11R
V6bR
V18R
V16R
V31
V33

V32
V11R
V6bR
V18R
V16R
V31
V33

V32
V11R
V6bR

MSVWRPSDNKVYLPP.PPVSKVVSTDEYVQRTNYFYHASSSRLLAVGHPYYTIKK.... TPNRTSIPKVSGLQY
MWRPSDSTVYVPPPNPVSKVVATDAYVKRTNIFYHASSSRLLAVGHPYYSIKK....VNKTVVPKVSGYQY
MWRPSDSTVYVPPPNPVSKVVATDAYVTRTNIFYHASSSRLLAVGHPYFSIKR.... ANKTVVPKVSGYQY

MALWRPSDNTVYLPP.PSVARVVNTDD...YVTRTSIFYHAGSSRLLTVGNPYFRVPAGGGNKQDIPKVSAYQY

MSLWLPSEATVYLPP.VPVSKVVSTDEYVARTNIYYHAGTSRLLAVGHPYFPIKK..PNNNKILVPKVSGLQY

MSLWRPSEATVYLPP.VPVSKVVSTDEYVTRTNIYYHAGSARLLTVGHPYYSIPKSDNPKKIVVPKVSGLQY

MSVWRPSEATVYLPP.VPVSKVVSTDEYVSRTSIYYYAGSSRLLAVGHPYFSIKNPTNAKKLLVPKVSGLQY

RVFRVRLPDPNKFTLPETNLYNPETQRMVWACVGLEVGRGQPLGVGLSGHPLLNRLDDTENGPRYAAGPGTDNR
RVFKVVLPDPNKFALPDSSLFDPTTQRLVWACT..GLEVGRGQPLGVGVSGHPLLNKYDDVENSGGYGGNPGQDNR
RVFKVVLPDPNKFALPDSSLFDPTTQRLVWACT.GLEVGRGQPLGVGVSGHPFLNKYDDVENSGS.GGNPGQDNR
RVFRVQLPDPNKFGLPDTSIYNPETQRLVWACAGVEIGRGQPLGVGLSGHPFYNKLDDTESSHAATSNVSEDVR
RVFRIHLPDPNKFGFPDTSFYNPDTQRLVWACVGVEVGRGQPLGVGISGHPLLNKLDDTENASAYAANAGVDNR
RVFRVRLPDPNKFGFPDTSFYNPETQRLVWACVGLEVGRGQPLGVGISGHPLLNKFDDTENSNRYAGGPGTDNR
RVFRVRLPDPNKFGFPDTSFYNPDTQRLVWACVGLEIGRGQPLGVGISGHPLLNKFDDTETGNKYPGQPGADNR

ENVSMDCKQTQLCLVGCKPAIGEHWGKGAACSA..QSNGDCPPLELQNSVIQDGDMADVGFGAMDFSALQTSKA
VNVGMDYKQTQLCMVGCAPPLGEHWGKGTQCSNTSVQNGDCPPLELITSVIQDGDMVDTGFGAMNFADLQTNKS
VNVGMDYKQTQLCMVGCAPPLGEHWGKGKQCTNTPVQAGDCPPLELITSVIQDGDMVDTGFGAMNFADLQTNKS
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HPV18R DNVSVDYKQTQLCILGCAPAIGEHWAKGTACKSRPLSQGDCPPLELKNTVLEDGDMVDTGYGAMDFSTLQDTKC 218
HPV16R ECISMDYKQTQLCLIGCKPPIGEHWGKGSPCTNVAVNPGDCPPLELINTVIQDGDMVDTGFGAMDFTTLQANKS 218
HPV31 ECISMDYKQTQLCLLGCKPPIGEHWGKGSPCSNNAITPGDCPPLELKNSVIQDGDMVDTGFGAMDFTALQDTKS 219
HPV33 ECLSMDYKQTQLCLLGCKPPTGEHWGKGVACTN.AAPANDCPPLELINTIIEDGDMVDTGFGCMDFKTLQANKS 218
HPV32 EVPLDIMNSISKYPDYLKMSAEAYGDNMFFFLRREQMFVRHLFNRAGTLGEPVPEDMYIKASNGASGRNNLASS 289
HPVIIR DVPLDICGTVCKYPDYLQMAADPYGDRLFFYLRKEQMFARHFFNRAGTVGEPVPDDLLVKGGN...NRSSVASS 286
HPVBbR DVPIDICGTTCKYPDYLQMAADPYGDRLFFFLRKEQMFARHFFNRAGEVGEPVPDTLIIKGSG...NRTSVGSS 285
HPV18R EVPLDICQSICKYPDYLQMSADPYGDSMFFCLRREQLFARHFWNRAGTMGDTVPQSLYIKGTG...MRASPGSC 289
HPV16R EVPLDICTSICKYPDYIKMVSEPYGDSLFFYLRREQMFVRHLFNRAGTVGENVPDDLYIKGSG...STANLASS 289
HPV31 NVPLDICNSICKYPDYLKMVAEPYGDTLFFYLRREQMFVRHFFNRSGTVGESVPTDLYIKGSG...STATLANS 290
HPV33 DVPIDICGSTCKYPDYLKMTSEPYGDSLFFFLRREQMFVRHFFNRAGTLGEAVPDDLYIKGSG...TTASIQSS 289
HPV32 IYYPTPSGSMVTSDAQIFNKPYWLQQAQGHNNGICWGNQVFLTVVDTTRSTNMTVCATVTTED.... . TYKSTN 358
HPVIIR IYVHTPSGSLVSSEAQLFNKPYWLQKAQGHNNGICWGNHLFVTVVDTTRSTNMTLCASVSKSA. ... TYTNSD 355
HPVBbR IYVNTPSGSLVSSEAQLFNKPYWLQKAQGHNNGICWGNQLFVTVVDTTRSTNMTLCASVTTSS..... TYTNSD 354
HPV18R VYSPSPSGSIVTSDSQLFNKPYWLHKAQGHNNGVCWHNQLFVTVVDTTRSTNLTICASTQSPV...PGQYDATK 360
HPV16R NYFPTPSGSMVTSDAQIFNKPYWLQRAQGHNNGICWGNQLFVTVVDTTRSTNMSLCAAISTSE... TTYKNTN 359
HPV31 TYFPTPSGSMVTSDAQIFNKPYWMQRAQGHNNGICWGNQLFVTVVDTTRSTNMSVCAAIANSD.... TTFKSSN 360
HPV33 AFFPTPSGSMVTSESQLFNKPYWLQRAQGHNNGICWGNQVFVTVVDTTRSTNMTLCTQVTSDS.... TYKNEN 358
HPV32 FKEYLRHAEEYDIQFIFQLCKITLSVEVMSYIHTMNPDILDDWNVGVAPPPSGTLEDSYRFVQSQAIRCQA K. 430
HPVIIR YKEYMRHVEEFDLQFIFQLCSITLSAEVMAYIHTMNPSVLEDWNFGLSPPPNGTLEDTYRYVQSQAITCQK.P. 427
HPVBbR YKEYMRHVEEYDLQFIFQLCSITLSAEVMAYIHTMNPSVLEDWNFGLSPPPNGTLEDTYRYVQSQAITCQK.P. 426
HPV18R FKQYSRHVEEYDLQFIFQLCTITLTADVMSYIHSMNSSILEDWNFGVPPPPTTSLVDTYRFVQSVAITCQK.D. 432
HPV16R FKEYLRHGEEYDLQFIFQLCKITLTADVMTYIHSMNSTILEDWNFGLQPPPGGTLEDTYRFVTSQAIACQK.H. 431
HPV31 FKEYLRHGEEFDLQFIFQLCKITLSADIMTYIHSMNPAILEDWNFGLTTPPSGSLEDTYRFVTSQAITCQK.T. 432
HPV33 FKEYIRHVEEYDLQFVFQLCKVTLTAEVMTYIHAMNPDILEDWQFGLTPPPSASLQDTYRFVTSQAITCQK.T. 430
HPV32 V.TAPEKKDPFSDYSFWEVNLSEKFSSDLDQFPLGRKFLLQAGLRARPKLTAV....KRTASS.SQKSSS.PAK 497
T.PEKEKQDPYKDMSFWEVNLKEKFSSELDQFPLGRKFLLQSGYRGRTSARTG...IKRPA....VSKPS.TAP 492
HPV6bR T.PEKEKPDPYKNLSFWEVNLKEKFSSELDQYPLGRKFLLQSGYRGRSSIRTG...VKRPA....VSKAS AAP 491
HPV18R A.APAENKDPYDKLKFWNVDLKEKFSLDLDQYPLGRKFLVQAGLRRKPTIGPR... KRSAP..SATTSS.KPA 498
HPV16R T.PPAPKEDPLKKYTFWEVNLKEKFSADLDQFPLGRKFLLQAGLKAKPKFTLG....KRKATP.TTSSTS.TTA 498
HPV31 A.PQKPKEDPFKDYVFWEVNLKEKFSADLDQFPLGRKFLLQAGYRARPKFKAG....KRSAP...SASTT.TPA 497
HPV33 V.PPKEKEDPLGKY TFWEVDLKEKFSADLDQFPLGRKFLLQAGLK.AKPKLKR....AAPT.....STRT.SSA 492
HPV32 RR.KTRK....... 503
HPVIIR KR.KRTKTKK.... 501
HPVBbR KR.KRAKTKR.... 500
HPV18R KR.VRVRARK.... 507
HPV16R KR.KKRKL...... 505
HPV31 KR.KKTKK...... 504
HPV33 KR.KKVKK...... 499

The multiple highlighted proline peptides (and the other prolines which lack adjacent hydrophilic amino acids) render these
proteins inert to normal hydrolysis. These intact proline-rich peptides in which the prolines are adjacent to hydrophilic amino
acids are ideal epitopes for triggering a severe immune response and for binding to host cells. The Biohawk ginger with its high
level of enzyme has the potential to cleave these peptides, resulting in breakdown of the viral capsid and structural proteins,
prevention of host cell invasion and avoidance of immune system stimulation and the associated tissue damaging cytokine flux.
The multiple exposed sites for the ginger enzyme cleavage on one side of the protein are coloured orange in the following
model of the HVP16-L1 protein (Figure 3).
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Figure 3. A model of the HPV16-L1 capsid protein responsible for generating a number of forms of squamous cell
carcinomas. In the present picture green represents the surface groups and the backbone has been shown in red and
white. The suitable prolines for ginger enzyme cleavage are shown in orange-yellow. The numbers represents the
proline number in the HPV16-L1 protein.

Papilloma virus is of particular interest to Biohawk because it is associated with disease in humans and other
species, for example equine sarcoid, bovine eye cancer, common warts, corns, some squamous cell carcinomas,
and cervical cancer. Case studies have shown a very favourable response to treatment with the Biohawk creams
(for example, Skin Rejuvenator). For example, the following common warts (Figure 4) were treated with a ginger
cream once at 3 pm on one day and the next morning the growths had fallen off the hand.

Figure 4: Common wart treated with an active ginger cream



Bacteria

Some bacteria have a carbohydrate coating on the membrane mostly attached to the membrane proteins through
the amino acids, serine (highlighted pink) and threonine (highlighted grey). This coating makes it more difficult for
antibiotics to penetrate the membrane and makes it more difficult for the ginger enzyme to digest the proline-rich
proteins. Biohawk’s Pine Crush was developed to remove the carbohydrate coating. In other types of bacteria the
proline-rich proteins project out of the membrane and although they may have serine and threonine, the
carbohydrate coating does not prevent the ginger enzyme from digesting the proline-rich membrane proteins.
Some examples of membrane proteins for common types of bacteria are given below.

Whooping Cough: Bordetella pertussis

Bordetella pertussis, the causative agent of whooping cough, is an aerobic coccobacillus capsulate of the
genus Bordetella. The acellular pertussis vaccine components, pertussis toxoid (PT), pertussis filamentous
haemagglutinin (FHA) and pertactin (PRN) are extracted from phase | Bordetella pertussis, and are then purified
and stabilised. The structures of FHA and PRN are given below.

FHA protein [Bordetella pertussis]

1 MNTNLYRLVF BHVRGMLVPV BEHCTVGNTF CGRTRGQAI? GARATSLEVA PNALAWALML
61 ACTGLPLVTH AQGLVPQGQT QVLQGGNKVP VVNIADPNEG GVEHNKFQQF NVANPGVVFN
121 NGLTDGVBRI GGALTKNPNL TRQABAILAE VTDTEPSRLA GTLEVYGKGA DLIIANPNGI

181 BVNGLETLNA BENLTLTTGRP BVNGGRIGLD VQQGTVTIER GGVNATGLGY FDVVARLVKL
241 QGAdKQGK PLADIAVVAG ANRYDHATRR ATPIAAGARG AAAGAYAIDG TAAGAMY GKH
301 ITLVESDEGL GVRQLGELES PBAITVESQG EIALGDATVQ RGPLELKGAG VVBAGKLABG
361 GGAVNVAGGG AVKIA GNLAVQGGGK VQATLLNAGG TLLVEGRQAV QLGAASSRQA
421 LEVNAGGALK ADKLEATRRV DVDGKQAVAL G NALEV RAGGALKAGK LEATGRLDVD
481 GKQAVTLGEV ABDGALSVEA GGNLRANELV QLEVRGQ REVALDDASS ARGMTVVAAG
541 ALAARNLQEK GAIGVQGGEA VEBVANANSDA ELRVRGRGQV DLHDLEAARG ADIEGEGRVN
601 IGRAREDEDV KVEAHGALEI DEMTALGAIG VQAGGEVEAK DMRERGAVTV BGGGAVNLGD
661 VQEDGQVRAT BAGAMTVRDV AAAADLALQA GDALQAGFLK ﬁ?AMTVNGR DAVRLDGAHA

721 GGQLRVESDG QAALGBLAAK GELTVEAARA ATVAELKELD NISVTGGERV BVQEVNEASR
781 VAIBAHGALD VGKVBAKEGI GLEGWGAVGA DELGEDGAIE VEGRDAVRVD HARSLADIBL 841
GAEGGATLGA VEAAGEIDVR GGETVAANEL HANRDVRVEG KDAVRVTAAT BGGGLHVESG

901 RQLDLGAVQA RGALALDGGA GVALQSAKAE GTLHVQGGEH LDLGTLAAVG AVDVNGTGDV
961 RVAKLVEDAG ADLQAGREMT LGIVDTTGDL QARAQQKLEL GEVKEDGGLQ AAAGGALELA
1021 AAEVAGALEL BGQGVTVDRA BASRARIDET GBVGIGALKA GAVEAABPRR ARRALRQDFF
1081 TPGBVVVRAQ GNVTVGRGDP HQGVLAQGDI IMDAKGGTLL LRNDALTENG TVTISADBAV
1141 LEHSTIEBKI BQSVLAAKGD KGKPAVEBVKV AKKLFLNGTL RAVNDNNETM BGRQIDVVDG
1201 RPQITDAVTG EARKDEBVVE DAALVADGGP IVVEAGELVE HAGGIGNGRN KENGABVTVR
1261 TTGNLVNKGY IBAGKQGVLE VGGALTNEFL VGEBDGTQRIE AQRIENRGTF QEQAPAGTAG
1321 ALVVKAAEAI VHDGVMATKG EMQIAGKGGG BPTVTAGAKA TTEANKLEVD VASWDNAGEL
1381 DIKKGGAQVT VAGRYAEHGE VBIQGDYTVE ADAIALAAQV TQRGGAANLT BRHDTRFENK
1441 IRLMGPLQVN AGGPVENTGN LKVREGVTVT AASFDNETGA EVMAKBATLT TEGAARNAGK
1501 MQVKEAATIV AABVENPGTF TAGKDITVTE RGGFDNEGKM EENKDIVIKT EQFENGRVLD
1561 AKHDLTVTAS GQADNRGELK AGHDFTVQAQ RIDNEGTMAA GHDATLKAPH LRNTGQVVAG
1621 HDIHIINSAK LENTGRVDAR NDIALDVADF TNTGBLYAEH DATLTLAQGT QRDLVVDQDH
1681 ILPVAEGTLR VKAKSLTTEI ETGNPGELIA EVQENIDNKQ AIVVGKDLTL B8AHGNVANE

1741 ANALLWAAGE LTVKAQNITN KRAALIEAGG NARLTAAVAL LNKLGRIRAG EDMHLDAPRI
1801 ENTAKLEGEV QRKGVQDVGG GEHGRWEGIGYVNYWLRAGNGKKAGTIAAPWYGGDLTAEQ
1861 BLIEVGKDLY LNAGARKDEH RHLLNEGVIQ AGGHGHIGGD VDNREVVRTV BAMEYFKTPL
1921 PVELTALDNR AGLBPATWNF QETYELLDYL LDQNRYEYIW GLYPTYTEWE VNTLKNLDLG
1981 YQAKPAPTAP PMPKAPELDL RGHTLESAEG RKIFGEYKKL QGEYEKAKMA VQAVEAYGEA
2041 TRRVHDQLGQ RYGKALGGMD AETKEVDGII QEFAADLRTV YAKQADQATI DAETDKVAQR
2101 YKEQIDAVRL QAIQPGRVTL AKALBAALGA DWRALGHEQL MQRWKDFKAG KRGAEIAFYP
2161 KEQTVLAAGA GLTLENGAIH NGENAAQNRG RPEGLKIGAH BATEVEGEFD ALRDVGLEKR
2221 LDIDDALAAV LVNPHIFTRI GAAQTELADG AAGPALARQA RQAPETDGMV DARGLGEBADA
2281 LASLABLDAA QGLEVEBGRRN AQVADAGLAG PBAVAAPAVG AADVGVEPVT GDQVDQPVVA
2341 VGLEQPVATV RVAPPAVALP RPLFETRIKF IDQSKFYGER YFFEQIGYKP DRAARVAGDN
2401 YFDTTLVREQ VRRALGGYES RLPVRGVALV AKLMDEAGTV GKALGLKVGV APTAQQLKQA
2461 DRDFVWYVDT VIDGQKVLAP RLYLTEATRQ GITDQYAGGG ALIASGGDVT VNTDGHDVES
2521 VNGLIQGREV KVDAGKGKVV VADBKGAGGG IEADDEVDVE GRDIGIEGGK LRGKDVRLKA
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2581 DTVKVATEMR YDDKGRLAAR GDGALDAQGG QLHIEAKRLE TAGATLKGGK VKLDVDDVKL
2641 GGVYEATGI-Y ENKESTPLGE LFAILESTTE TNQSAHANHY GTRIEAGTLE GKMQNLEIEG
2701 GEBVDAAHTDL BVARDARFKA AADFAHAEHE KDVRQLBLGA KVGAGGYEAG FBLGEBESGLE
2761 AHAGRGMTAG AEVKVGYRAS HEQEBSETEKS YRNANLNFGG GEVEAGNVLD IGGADINRNR
2821 YGGAAKGNAG TEEALRMRAK KVEBTKYVEE QTEQESGWEV EVAITA LLTAATRLG
2881 DEVAQNVEDG REIRGELMAA QVAAEATQLV TADTAAVALE AG DFD ITIQNTQ
2941 YLGGNLEIEA TEGDATLVGA KFGGGDQVEL KAAKEVNLMA AE FEIY NFH

3001 NLGANAVQGA VGLGLTAGMG TBHQITNETG KTYAGTEVDA ANVEBIDAGKD LNLIG VRG
3061 KHVVLDVEGD INATEKQDER NYNSSGGGWD ABAGVAIQNR TLVAPVGEAG FNFNTEHDNE
3121 RLTNDGAAGV VABDGLTGHV KGDANLTGAT IADLEGKGNL KVDGAVNAQN LKDYRDKDGG
3181 BGGLNVGIES TTLAPTVGVA FGRVAGEDYQ AEQRATIDVG QTKDPARLQV GGGVKGTLNQ
3241 DAAQATVVQR NKHWAGGGEE FEVAGKELKK KNQVRPVETP TPDVVDGPPERPTTPPABPQ
3301 PIRATVEVES PPPVEVATVE VVPRPKVETG BAABABAGGA QVVPVTPPKV EVAKVEVVPR
3361 PKVETAQPLP PRPVVAEKVT TPAVQPQLAK VETVQPVKPE TTKPLPKPLP VAKVTKAPPP
3421 VVETAQPLPP VKPQKATPGP VAEVGKATVT TVQVQEAPPK PAPVAKQPAP APKPKPKPKP
3481 KAERPKPGKT TPLEGRHVVQ QQVQVLQRQA BDINNTKELP GGKLPKPVTV KLTDENGKPQ
3541 TYTINRREDL MKLNGKVLET KTTLGLEQTF RLRVEDIGGK NYRVFYETNK

pertactin outer membrane protein [Bordetella pertussis]

1 MNMBLEBRIVK AAPLRRTTLA MALGALGAAP AAHADWNNQE IVKTGERQHG IHIQGEDPGG

61 VRTABGTTIK VEGRQAQGIL LENPAAELQF RN(ilV rGQ LEDDGIRRFL GTVTVKAGKL

121 VADHATLANV GDTWDDDGIA LYVAGEQAQA BIADSTLQGA GGVQIERGAN VTVQREAIVD
181 GGLHIGALQE LQPEDLPPER VVLRDTNVTA VPASGAPAAV BVLGABELTL DGGHITGGRA
241 AGVAAMQGAV VHLQRATIRR GDAPAGGAVPGGAVPGGAVP GGFGPGGFGPVLDGWYGVDV
301 SGESVELAQE IVEAPELGAA IRVGRGARVT VEGGELEAPH GNVIETGGAR RFAPQAAPLE
361 ITLQAGAHAQ GKALLYRVLP EPVKLTLTGG ADAQGDIVAT ELPEIPGTEI GPLDVALABQ

421 ARWTGATRAV D|L|iDNATW VMTDNENVGA LRLAli)G'\/D FQQPAEAGRF KVLTVNTLAG
481 BGLFRMNVFA DLGLEDKLVV MQDA‘GQHRL WVRN PA BANTLLLVQT PLGBAATFTL
541 ANKDGKVDIG TYRYRLAANG NGQWESLVGAK APPAPKPAPQ PGPQPPQPPQ PQPEAPAPQP
601 PAGRELEAAA NAAVNTGGVG LABTLWYAEE NALBKRLGEL RLNPDAGGAW GRGFAQRQQL
661 DNRAGRRFDQ KVAGFELGAD HAVAVAGGRWHLGGLAGYTRGDRGFTGDGGGHTDEVHVGG
721 YATYIADEGF YLDATLRABR LENDFKVAGE DGYAVKGKYR THGVGABLEA GRRFTHADGW
781 FLEPQAELAV FRAGGGAYRA ANGLRVRDEG GE8VLGRLGL EVGKRIELAG GRQVQPYIKA
841 BVLQEFDGAG TVHTNGIAHR TELRGTRAEL GLGMAAALGR GHELYABYEY BKGPKLAMPW
901 TFHAGYRYBW

Homology in sequences of above proteins

Pertactin: PKPAP- - - QPGPQPPQPPQPQPEAPAPQP
PKPAP--- QP-P-P--- P-P-P-A--P-P

FHA protein: PKPAPVAKQPAPAPKPKPK PKPKAERPKP

Staphylococcus aureus

Cap5P [Staphylococcus aureus]

1 MCLNFREDNV MKKIMVIFGT RPEAIKMAPL VKEIDHNGNF EANIVITAQH RDMLDSVLS!
61 FDIQADHDLN IMQDQQTLAG LTANALAKLD'IINEEQPDM ILVHGDTTTT FVGELAAFYH
121 QIPVGHVEAG LRTHQWPF PEELNRVMVE NIAELNFAPT VIAAKNLLFE NKDKERIFIT
181 GNTVIDALST TVQNDFVETI INKHKGKKVI LLTAHRRENI GEPMHQIFKA VRDLADEYKD
241 VVFIYPMHRN PKVRAIAEKY LEGRNRIELI EPLDAIEFHN FTNQSYLVLT DEGGIQEEAP
301 TFGKPVLVLR NHTERPEGVE AGT8RVIGTD YDNIVRNVKQ LIEDDEAYQR MEQANNPYGD
361 GQABRRICEA IEYYFGLRTD KPDEFVPLRH K

Protein A signal fusion protein.

1 MKKKNIYSIR KLGVGIABVT LGTLLISGGV TPAANAAQHD EAVDNKFNKE QQNAFYEILH
61 LPNLNEEQRN AFIQELKDDP BQEANLLAEA KKLNDAQAPK VDNKFNKEQQ NAFYEILHLP
121 NLNEEQRNAF IQELKDDPSQ SANLLAEAKK LNDAQAPKVD AN VPGDP LESTCRHABL
181 ALAVVLQRRD WENPGVTQLN RLAAHPPFAS WRNSEEARTD RPSQQLRELNGEWRFRCNGW
241 R



Biofilm-associated surface protein [Staphylococcus aureus]

1 MGNKQGFLPN KLNKYSIRKF TVGTABLLVG TTLFFGIGBE AQAAELDTIT KEDVKBQDKG

61 EALDIKNIKESEKDVTTEDDNNAEVQNSAQTVDKEENSNDTAVESTNDEY KTDETKETEE

121 NKEAQDDDNIKEDSNTQEESTNTSSQSSEVPQTKKDTNETSETAIDEDASTKEQNNKDND

181 TAQDDDNIKE DENTQEESTN TESQSSEVPQ TKKEQPDKES NSIKEPDKQQ EEVAKEEKAI

241 TEIADKNKEL ELKNNKTDKN EESELESNLS SSENKKDTVE §FLNSQLEDS ETKKIMENAN

301 IDYDKATDEE INTEILRASL IEMANNKKKT ETLATPQRTM FRAMATPTAL RAAVNQDEEL

361 QKELGYTDNY TFASMLFDPG KLDEDDALNE NIIPFDLHEY MEGANBGNRY KIDLKLDPII

421 AEHVTKISAN PSGBNKPVEF VRNKDENGNL TDTWEVNFIR ANDGLFGGAE ILBQYTAKNG

481 KIELDDTVGN IISNAGNLEN NKLNHQVFVR DERENKIVRT IEHBYFLTK ADDDLVNLEN

541 NVEBTENNNAF KABSGBATYN ENVGEFGGIL IDQQIMKNGI FEYSKTKANQ WAYNYQIDKD

601 LLPYIEGVEL HQYDYKGLNG FDKNYDAKNK VADLTIDEVG NGTITEDNLN KLIEFNNALP

661 ETVGVRVVLK LNKSVNNILT KDAKYDSEGN LIRETTKQKE DFTFAGYLTD BKGALINNTL

721 GTSTLALQDY DKDGLLDRYE RQLELSDAEN EDTDGDGKND GDEVVNYKTS PLVGKPQAAD

781 ITTEDTVVEG BVPLKEGAAT QTAKVINAEG TTVGTATVNE DGTFSVEIPN BPEGTYTIAI

841 DEPNYDNDEV NTFEIVDNSK LPAPSINPVD DNDQQIVVNG TEGETVTVTD §NNNVLGTVT

901 IPADDTSAAI NVDTPLEAGT VLTETASKDG KTSDVEDQIT VIDATAPDAP TLDEVNTDAT

961 QVTGQAEPNE TVKLTFPDGT TATGTADDQG NYTIDIP'NV DLNGGEELQV TATDKDGNTS

1021 EP'ANVTDT TAPDAPTVND VTEBDATQVTG QAEPNSTVKL TFPDGTTATGTADDQGNYTI

1081 DIPSNVDLNG GEELQVTATD KDGNT.EP.r ANVTDTTAPD APTVNDVTSDATQVTGQAEP
T

1141 NSTVKLTFPD GTTATGTADD QGNYTIDIP§ NVDLNGGEEL QVTATDKDGNTSEPSSANVT

1201 DTTAPDAPTV NDVTSDATQV TGQAEPNSTV KLTFPDGTTA TGTADDQGNYTIDIPSNVDL

1261 NGGEELQVTA TDKDGNTSEP rANVTDTTA PDAPTVNDVT SDATQVTGQAEPNETVKLTF
1321 PDGTTATGTA DDQGNYTIDI PENVDLNGGE ELQVTATDKD GNTSEPSSANVTDTTAPDAP
1381 TVNDVTSDAT QVTGQAEPNE TVKLTFPDGT TATGTADDQG NYTIDIPSNVDLNGGEELQV
1441 TATDKDGNTS EPSSANVTDT TAPDAPTVND VTEDATQVTG QAEPNSTVKLTFPDGTTATG
1501 TADDQGNYTI DIPSNVDLNG GEELQVTATD KDGNTIEP' ANVTDTTAPDAPTVNDVTED

1561 ATQVTGQAEP NSTVKLTFPD GTTATGTADD QGNYTIDIPS NGDLNGGEELQVTATDKDGN

1621 TSEPSSANVT DTTABDAPTV NDVTSDATQV TGQAEPNBTV KLTFPDGTTATGTADDQGNY

1681 TIDIPENVDL NGGEELQVTA TDKDGNTSEP 1ANVTDTTA PDAPTVNDVTEDATQVTGQA

1741 EPNSTVKLTF PDGTTATGTA DDQGNYTIDI PSNVDLNGGE ELQVTATDKDGNTSEPKLTN

1801 VIDTTASDAP TVNDVTSDAS QVTGQAEPNS TVKLTFPDGT TATGTADDQGNYTIDI?NV

1861 DLNGGEELQV TATDKDGNT, E:TrANVTDT TAPDAPTVND VTSDATQVTGQAEPNSTVKL
VK

1921 TFPDGTTATG TADDQGNYTI DIPSNGDLNG GEKLQVTATD KDGNTSEPSSANVTDTTAPD
1981 APTVNDVTED ATQVTGQAEP N LTFPD GTTATGTADD QGNYTIDIPSNVDLNGGEEL
2041 QVTATDKDGN TSEPSSANVT DTTAPDAPTV NDVTSDATQV TGQAEPNBTVKLTFPDGTTA
2101 TGTADDQGNY TIDIPENVDL NGGEELQVTA TDKDGNTSES TNTTIIDEDDNSDNGNNSGA
2161 GD?DIDDNIGNGDNIGAGD NIDIDDNIDNGNNIGAGDN‘DIDDNIDNEDN-NKDIIN
2221 QDENVNENDS KHDKQNELPE TGEKEVRNGT LFGTLFAGLG SLLLFTKRRR KENDKK

Streptococcus agalactiae

Protein immunoglobulin-a-binding beta antigen

1 AIKQQ IFDI DNAK EVEID NLVHDAFIKM NA' VAKFQKG LE N PE PD PKIPELPQA

61 PD PQAPD P HVPERPKAPE APRVPETK PD PHVPE%’ KAPEAPRVPE TK PD PHV
121 PEIPKAPEAP RVPEFPK PD PHVPERPKA PEAPRVPERP K PD PHVPE BIPKAPEAPRV
181 PEfIPK PEAP HVPERPK PE APKIPEPPK PDVPKLPDVP KLPDVPKLPD APKLPDGLNK

241 VGQAVF ]l D GN KV VVFD KP DADKLHL KEV KELA

Penicillin binding protein 1a

1 MITIKKEJVI KLLKYAFGII MGFIILAIVI GGLLFAYYV REPKL ' DQAL KEVNIBILVYD

61 GNNKLIADLG [EKREJVIAD BIPLNLVNAI | JIEDKRFFK HRGVDIYRIL GAAWHNLVIE

121 NTQGGJ'LDQ QLIKLAYF]' NKBDQ' LKRK [JQEVWLALQM ERKYTKEEIL TFYINKVYMG
181 NGNYGMR' | A KIYFGKDLKE LIAQLALLA GIPQAP QYD PYKNPEJJAQ' RRN ' VLQQMY
241 QDKNIJKKEY DQAVA PV D GLKELKQKJ' YPKYMDNYLK QVIJEVKQK ' GKDIFTAGLK
301 VY NIN'DAQ KQLYDIYNJD " YIAYPNNEL QIAM' IMDA NGKVIAQLGG RHQNENIfIFG
361 'NQEVL DRD WG MKPIJA YAPAIDEGVY NE ' GQELNDE VYYWPG |1 Q LYDWDRQYMG
421 WMEMQ ' AIQQ IRNVPAVRAL EAAGLDEAK‘FLEKLGIYYP EMNYENAIEE NNEBBIDAKYG
481 EKMAAAY BAFANGG YY KPQYVNKIEF DG 'ND YAA BGRAMKE | ' AYMM ' DMLK
541 VL IFG' GIKA AIPGVAQAGK G/ INY EDE LAKIEAT ' Gl YNJAVGMAP DENFVGY | IK
601 Y ' MAIW ! GYK NRL' PLYGHQ LDIATEVYRA MMBYL' GGYll ADW  MPEGLY REGEYLYING
661 G Y VYKNIYQNEG QEEQEEE B BEKQKEDKN | ANDANIPQ VE PNNGNA



721 'PNNENQ VP G GHGNGNGN NN'VPNGN

Pi-2a ancillary protein 2

1 MKKIRKBLGL LLCCFLGLVQ LAFF| VN ADTPNQLTIT QIGLQPNTTE EGIEYRLWTV

61 TDNLKVDLLE QMTDSELNQK YKSILTSPTD TNGQTKIALP NC?YFGRAYK ADQSVETIVP
121 FYIELPDDKL ENQLQINPKR KVETGRLKLI KYTKEGKIKK RLEGVIFVLY DNQNQPVRFK
181 NGRFTTDQDG ITSLVTDDKG EIEVEGLLPG KYIFREVKAL TGYRIEMKDA VVAVVANKTQ
241 EVEVENEKET PPPTNPKPBQ PLFPQEFLPK TGMIIGGGLT ILGCIILGIL FIFLRKTKNS
301 KEERNDTV

Streptococcus pneumoniae

PspA [Streptococcus pneumoniae]

1 MNKKKMILTS LASVAILGAG FVABSPTFVR AEEAPVANQE KAEKDYDAAV KKEEAAKKDY

61 ETAKKKAEDA QKKYDEDQKK TEAKAEKERK ABEKIAEATK EVQQAYLAYL QA.EIEIQRKE

121 ADKKIKEATQ RKDEAEAAFA TIRTTIVVPE PEELAETKKK AEEATKEAEV AKKKEEEAAK

181 EVEVEKNKIL EQDAENEKKI DVLQNKVADL EKGIAPYQNE VAELNKEIAR LQEDLKDAEE

241 NNVEDYIKEG LEQAITNKKA ELATTQQNID KTQKDLEDAE LELEKVLATL DPEGKTQDEL

301 DKEAAEAELN EKVEALQNQV AELEEELSKL EDNLKDAETN NVEDYIKEGL EEAIATKKAE

361 LEKTQKELDA ALNELGPDGD EEETPAPAPQPEKPAEEPEN PAPAPKPEKEADQQAEEDYA
421 RRBEEEYNRLTQQQPPKAEKPAPAPQPEQPAPAPKIGWKQENGMWYFYNTDGEMATGWLQ
481NNG WYYLNINGAMATGWLQYNGWYYLNANGAMATGWLQYNGI\V/\\I/YYLNANGAMATGWLQ
541YNGEWYYLNANGDMATGWLQYNGEWYYLNANGDMATGWAKVHGEWYYLNANGEMATGWVK 601
DGETWYYLEA BGEMKANQWF QVEDKWYYVN GLGELEVNTT VDGYKVNANG EWV

cbpA [Streptococcus pneumoniae GA19998] gram pos signal peptide

1 MFASKBERKV HYBIRKFBIG VABVVVABLF LGGVVHAEEV RRGNNLTVTE BGDEVEBHYQ

61 BILEKVRKBL EKDRHTQNVD LIKKLQDIKR TYLYNLKEKP EAELTEKTKK ELDAAFEKFK

121 KEPELTKKLA EAEKKAKDQK EEDHRNYPTN TYKTIELEIA EAEVGVAKAE LELVQAQVQI

181 PQDTEKINAA KAKVEAAKEN VKKLEKIK8D IEKTYLYKLD NETKETPKER VRRNEPQVGD

241 BRELKETIDK AKETLETYMV TRLTKLDPSV FWFADLLMDA KKVVEEYKTK LEDASDKKEV

301 EDLRKEAEGK IEELIVTHQN REKENQPAPQ PGGQAGGEMV VPPVTQTPPE TEQSPGQKAT
361 EAEKKKLQDL IRQFQEALNK LDDETKTVPD GAKLTGEAGK AYNETRTYAK EVVDEQKKLL

421 BQTAVTMDEL AMQLTKLNDA MBKLKEAKAK LVPEVKPQPE NPEPKPQPEG EKPEVPDINQ
481 EKEKAKLAIA TYMBKILDDI KKHHLKKEKH HQIVALIKDL DKLKKQALEE IDNVNTKVEI

541 ENTVHKVFAD MDTVVTKFQK GLIQNTPQVP EAPKEPEVPK VEBDTPKAPDT PQVPEAPKEP 601
EVPKVPEAPK APDTPQVPEA PKEPEVPKVP DTPKAPDTPQ VPEAPKAPDT PQIPEAPAPE

661 TPAPAPEAPKTGWKQENGMWYFYNTDGBMATGWLEYNG WYYLNANGAMATGWLEYNGI\\;VV
721 YYLNTNGAMETGWLEYNGEWYYLNTNGAMETGWLEYNGEWYYLNTNGAME TGWLEYNG
781 YYLNTNGAMETGWLEYNGEWYYLNTNGAMETGWLEYNGSWYYLNANGEMA TGWLKDGDTW
841 YYLEASGAMK EBQWFKVEDK WYYVNGEGAL AVNTTVGGYR VNANGKWVN

Pseudomonas aeruginosa

ExoU [Pseudomonas aeruginosa PA103].

1 MHIQBLGATA BSLNQEPVET PEQAAHKBAS LRQEPEGQGL GVALKETPGI LEGKLPEEVE

61 DVRFE8PQGQ GEBRTLTDEA GPRQITLRQF ENGVTELQLE RPPLTSLVLE GGGAKGAAYP

121 GAMLALEEKG MLDGIREMSG BSAGGITAAL LASGMBPAAF KTLEDKMDLI §LLDESNKKL

181 KLFQHISSEI GABLKKGLGN KIGGFSELLL NVLPRIDSRA EPLERLLRDE TRKAVLGQIA

241 THPEVARQPT VAAIASRLQE GBGVTFGDLD RLEAYIPQIK TLNITGTAMF EGRPQLVVFN

301 AliTPDLEVA QAAHISGBFP GVFQKVEBLED QPYQAGVEWT EFQDGGVMIN VPVPEMIDKN
361 FDEGPLRRND NLILEFEGEA GEVAPDRGTR GGALKGWVVG VPALQAREML QLEGLEELRE
421 QTVVVPL?E RGDFBGMLGG TLNFTMPDEI KAHLQERLQE RVGEHLEKRL QABERHTFAS 481
LDEALLALDD BMLTEVAQQN PEITDGAVAF RQKARDAFTE LTVAIVEANG LAGRLKLDEA

541 MREALQRLDA LADTPERLAW LAAELNHADN VDHQQLLDAM RGQTVQEPVL AAALAEAQRR 601
KVAVIAENIR KEVIFﬂLYR PGQPDENVAL LRRAEEQLRH ATEPAEINQA LNDIVDNYBA

661 RGFLRFGKPL S8TTVEMAKA WRNKEFT



exotoxin A, partial [Pseudomonas aeruginosa]j.

1 ALLERNYPTG AEFLGDGGDV BFETRGTQNW TVERLLQAHR QLEERGYVFV GYHGTFLEAA
61 Q8IVFGGVRA REQDLDAIWR GFYIAGDPAL AYGYAQDQEP DARGRIRIGA LLRVYVPRES
121 LPGFYRTGLT LAAPEAAGEV ERLIGHPLPL RLDAITGPEE EGGRLETILG WPLAERTVVI
181 PEAIPTDPRN VGGDLDPESI PDKEQAISAL PDYASQPGKP PREDLK

toxA gene product [Pseudomonas aeruginosa PAO1]

1 MHLTPHWIPL VA;LGLLAGG BFABAAEEAF DLWNECAKAC VLDLKDGVRE ERMEVDPAIA

61 DTNGQGVLHY BMVLEGGNDA LKLAIDNALE ITSDGLTIRL EGGVEPNKPV RYEYTRQARG

121 BWBLNWLVPI GHEKPENIKV FIHELNAGNQ LEHMEPIYTI EMGDELLAKL ARDATFFVRA

181 HEGNEMQPTL AIEHAGVEVV MAQAQPRREK RWEEWASGKYV LCLLDPLDGV YNYLAQQRCN
241 LDDTWEGKIY RVLAGNPAKH DLDIKPTVI§ HRLHFPEGGS LAALTAHQAC HLPLETFTRH

301 RQPRGWEQLE QCGYPVQRLV ALYLAARLEW NQVDQVIRNA LASPGEGGDL GEAIREQPEQ
361 ARLALTLAAA EBERFVRQGT GNDEAGAABA DVVEBLTCPVA AGECAGPADE GDALLERNYP
421 TGAEFLGDGG DIEFETRGTQ NWTVERLLQA HRQLEERGYV FVGYHGTFLE AAQSBIVFGGV 481
RARSQDLDAI WRGFYIAGDP ALAYGYAQDQ EPDARGRIRN GALLRVYVPR B8LPGFYRTG

541 LTLAAPEAAG EVERLIGHPL PLRLDAITGP EEEGGRLETI LGWPLAERTV VIPSAIPTDP

601 RNVGGDLDPE BIPDKEQAIS ALPDYASQPG KPPREDLK

Escherichia coli

Surface protein [E. coli]

1 MTTPNPLAKT KGAGTTFWMY TGKGDAFANP LEDTDWLRLA MVKDLQPGEM TADAEDDTYL
61 DDEDADWKTT TQGQK8VGDT BATLAWRPGD §GQKKLVQLF DEGEVCAFRI KYPNGTVDVF
121RGWLESLGKT IABKDVMTRT VKIEGVGRPY LAEEGXETVG VTGLTVAPAE ABVKAGATTT
181 LTFTI\:\KPDGA BDKAI§VHES DPQTASVTLE GLVATVKGVK QGEBVEIVGMT BDGEFVAVAA
241VTVEAP

Plasmodium falciparum - malaria

PfMSA2

1 BIRREVAEBK BPTGTGABGE AGEBGDGABGE AGEGDGASGE AGBGDGAVAS ARNGANPGAD
61 AEGESSTPAT TTTTTTTTTT TTTNDAEAST ENPNHN NAETNPKGNG EVQEPNQANK
121 ETQNNENVQQ DEQTKENVPP TQDADTKEPT AQPEQAENSA PTAEQTESPE LQSAPEN

P proline P where ginger enzymes digest protein
threonine that can bind to carbohydrate
[ serine that can bind to carbohydrate
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