
Epitomics: IgG-epitome decoding of E6, E7 and L1 proteins from 

oncogenic human papillomavirus type 58 

Wan-Xiang Xu, Jian Wang, Hai-Ping Tang, Ya-Ping He, Qian-Xi Zhu, Satish K. Gupta, Shao-Hua Gu, Qiang 

Huang, Chao-Neng Ji, Ling-Feng Liu, Gui-Ling Li, Cong-Jian Xu and Yi Xie 

 

 

Figure S1 Recombinant E6, E7, L1N and L1C proteins. (A-D) SDS-PAGE analysis of expressed and 

purified E6, L1N (aa residues 36-234), L1C (aa residues 227-524), and E7; (E) Western blotting of expressed 

and purified E7 with mAb against His6-tag. Lanes 1, 6, 11, and 16, pre-stained protein markers; lanes 2, 7, 12, 

and 17/21, uninduced cell proteins; lanes 3, 8, 13, and 18/22 induced cell proteins; lanes 4, 9, 14, and 19/23, 2 

μg of purified E6, L1N, L1C, and E7 proteins; lanes 5, 10, 15, and 20, 2 μg bovine serum albumin. 

 

 

 



Figure S2 Comparison of antibody titers to r-E6 (A), r-E7 (B), L1N (C) and L1C (D) in the group of 

immunized rabbits. The antibody levels were determined by ELISA using the respective r-proteins as antigens. 

In each sub-panel, different colored lines represent (except blue line represents serum from rabbit immunized with 

adjuvant alone as negative control) individual immunized rabbits. Titers were determined based on the highest 

dilution of the sample that generated OD greater than 0.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1 Analysis of the common sequence in reactive 6-8mer peptides for mapping BCEs of E7 

The cyan highlight indicates minimal motif of each epitope (E7-1 to E7-9); the yellow indicates those of E7-5 and 

E7-6 mapped by 7 deduced fine epitope peptides; and the green indicates another E7-9 epitope mapped, which 

was not counted as an epitope in E7-epitome due to its position nested between conjoint sequences of E7-5 and 

E7-6. 

 

Peptide 
NO. 

Amino acid 
Sequence 

position in 
HPV58 E7 

Peptide
NO. 

Amino acid 
sequence 

position in 
HPV58 E7 

P16 MRGNNPTL 1-8 P50 aaaaaaaaDEIGLDGP 35-42 

P17 aRGNNPTLR 2-9 P51 aaaaaaaaaEIGLDGPD 36-43 

P18 aaGNNPTLRE 3-10 P52 aaaaaaaaaaIGLDGPDG 37-44 

P19 aaaNNPTLREY 4-11 P53 aaaaaaaaaaaGLDGPDGQ 38-45 

P20 aaaaNPTLREYI 5-12 P54 LDGPDGQA 39-46 

P21 PTLREYIL 6-13 P55 aDGPDGQAQ 40-47 

P22 TLREYILD 7-14 P56 aaGPDGQAQP 41-48 

P23 LREYILDL 8-15 P57 aaaPDGQAQPA 42-49 

P24 aREYILDLH 9-16 P58 aaaaDGQAQPAT 43-50 

P25 aaEYILDLHP 10-17 P59 aaaaaGQAQPATA 44-51 

P26 aaaYILDLHPE 11-18 P60 MGTCTIVC 85-92 

P27 aaaaILDLHPEP 12-19 P61 aGTCTIVCP 86-93 

P28 aaaaaLDLHPEPT 13-20 P62 aaTCTIVCPS 87-94 

P29 aaaaaaDLHPEPTD 14-21 P63 aaaCTIVCPSC 88-95 

P30 LHPEPTDL 15-22 P64 aaaaTIVCPSCA 89-96 

P31 aHPEPTDLF 16-23 P65 aaaaaIVCPSCAQ 90-97 

P32 aaPEPTDLFC 17-24 P66 aaaaaaVCPSCAQQ 91-98 

P33 aaaEPTDLFCY 18-25 P67 aaaaaaaCPSCAQQ 92-98 

P34 aaaaPTDLFCYE 19-26 P68 aaaaaaaaPSCAQQ 93-98 

P35 aaaaaTDLFCYEQ 20-27 P69 aaaaaaaA-SCAQQ 94-98 

P36 aaaaaaDLFCYEQL 21-28 P70 aaaaaaaAA-CAQQ 95-98 

P37 aaaaaaaLFCYEQLC 22-29 P71 aaaaaaaAAA-AQQ 96-98 

P38 aaaaaaaaFCYEQLCD 23-30 P72 AAA-DSSDED 30-35 

P39 aaaaaaaaaCYEQLCDS 24-31 P73 AAA-aSSDED 31-35 

P40 aaaaaaaaaaYEQLCDSS 25-32 P74 AAA-aaSDED 32-35 

P41 aaaaaaaaaaaEQLCDSSD 26-33 P75 AAA-aaaDED 33-35 

P42 QLCDSSDE 27-34 P76 AAA-EIG 36-38 

P43 aLCDSSDED 28-35 P77 AAA-EIGL 36-39 

P44 aaCDSSDEDE 29-36 P78 AAA-EIGLD 36-40 

P45 aaaDSSDEDEI 30-37 P79      AA-EDEIGL 34-39 

P46 aaaaSSDEDEIG 31-38 P80      A-DEDEIGL 33-39 

P47 aaaaaSDEDEIGL 32-39 P47 ASDEDEIGL 32-39 

P48 aaaaaaDEDEIGLD 33-40 P81       SDEDEIG-A 32-38 

P49 aaaaaaaEDEIGLDG 34-41 P82       SDEDEI-AA 32-37 



Table S2. Analysis of the common sequence in reactive 8mer peptides for mapping BCEs of L1 

NO. Peptide sequence Range NO. Peptide sequence Range 

P61 MTVYLPPV 35-42 P101 aaNRYPAQPG 160-167 

P62 aTVYLPPVP 36-43 P102 aaaRYPAQPGS 161-168 

P63 aaVYLPPVPV 37-44 P103 aaaaYPAQPGSD 162-169 

P64 aaaYLPPVPVS 38-45 P104 aaaaaPAQPGSDN 163-170 

P65 aaaaLPPVPVSK 39-46 P105 aaaaaaAQPGSDNR 164-171 

P66 aaaaaPPVPVSKV 40-47 P106 aaaaaaaQPGSDNRE 165-172 

P67 aaaaaaPVPVSKVV 41-48 P107 NNNAAATD 203-210 

P68 aaaaaaaVPVSKVVS 42-49 P108 aNNAAATDC 204-211 

P69 aaaaaaaaPVSKVVST 43-50 P109 aaNAAATDCP 205-212 

P70 aaaaaaaaaVSKVVSTD 44-51 P110 aaaAAATDCPP 206-213 

P71 aaaaaaaaaaSKVVSTDE 45-52 P111 aaaaAATDCPPL 207-214 

P72 VFRVRLPD 99-106 P112 aaaaaATDCPPLE 208-215 

P73 aFRVRLPDP 100-107 P113 aaaaaaTDCPPLEL 209-216 

P74 aaRVRLPDPN 101-108 P114 aaaaaaaDCPPLELF 210-217 

P75 aaaVRLPDPNK 102-109 P115 aaaaaaaaCPPLELFN 211-217 

P76 aaaaRLPDPNKF 103-110 P116 aaaaaaaaaPPLELFNS 212-218 

P77 aaaaaLPDPNKFG 104-111 P117 aaaaaaaaaaPLELFNSI 213-219 

P78 aaaaaaPDPNKFGF 105-112 P118 aaaaaaaaaaaLELFNSII 214-220 

P79 aaaaaaaDPNKFGFP 106-113 P119 SIIEDGDM 219-226 

P80 aaaaaaaaPNKFGFPD 107-114 P120 aIIEDGDMV 220-227 

P81 aaaaaaaaaNKFGFPDT 108-115 P121 aaIEDGDMVD 221-228 

P82 aaaaaaaaaaKFGFPDTS 109-116 P122 aaaEDGDMVDT 222-229 

P83 VGVSGHPY 142-149 P123 aaaaDGDMVDTG 223-230 

P84 aGVSGHPYL 143-150 P124 aaaaaGDMVDTGF 224-231 

P85 aaVSGHPYLN 144-151 P125 aaaaaaDMVDTGFG 225-232 

P86 aaaSGHPYLNK 145-152 P126 aaaaaaaMVDTGFGC 226-233 

P87 aaaaGHPYLNKF 146-153 P127 aaaaaaaaVDTGFGCM 227-234 

P88 aaaaaHPYLNKFD 147-154 P128 aaaaaaaaaDTGFGCMD 228-235 

P89 aaaaaaPYLNKFDD 148-155 P129 aaaaaaaaaaTGFGCMDF 229-236 

P90 YLNKFDDT 149-156 P130 GFGCMDFG 230-237 

P91 aLNKFDDTE 150-157 P131 aFGCMDFGT 231-238 

P92 aaNKFDDTET 151-158 P132 aaGCMDFGTL 232-239 

P93 aaaKFDDTETS 152-159 P133 aaaCMDFGTLQ 233-240 

P94 aaaaFDDTETSN 153-160 P134 aaaaMDFGTLQA 234-241 

P95 aaaaaDDTETSNR 154-161 P135 aaaaaDFGTLQAN 235-242 

P96 aaaaaaDTETSNRY 155-162 P136 aaaaaaFGTLQANK 236-243 

P97 aaaaaaaTETSNRYP 156-163 P137 aaaaaaaGTLQANKS 237-244 

P98 aaaaaaaaETSNRYPA 157-164 P138 aaaaaaaaTLQANKSD 238-245 

P99 TSNRYPAQ 158-165 P139 aaaaaaaaaLQANKSDV 239-246 

P100 aSNRYPAQP 159-166 P140 aaaaaaaaaaQANKSDVP 240-247 



The cyan highlight indicates minimal motif of each epitope (L1-1 to L1-18).  

P141 ANKSDVPI 241-248 P182 LCTEVTKEGTYKNDN 377-384 

P142 aNKSDVPID 242-249 P183 LCTEVTKEGTYKNDNF 378-385 

P143 aaKSDVPIDI 243-250 P184 LCTEVTKEGTYKNDNFK 379-386 

P144 aaaSDVPIDIC 244-251 P185 LCTEVTKEGTYKNDNFKE 380-387 

P145 aaaaDVPIDICN 245-252 P186 KNDNFKEY 381-388 

P146 aaaaaVPIDICNS 246-253 P187 KNDNFKEYV 382-389 

P147 aaaaaaPIDICNST 247-254 P188 KNDNFKEYVR 383-390 

P148 aaaaaaaIDICNSTC 248-255 P189 KNDNFKEYVRH 384-391 

P149 aaaaaaaaDICNSTCK 249-256 P190 KNDNFKEYVRHV 385-392 

P150 aaaaaaaaaICNSTCKY 250-257 P191 KNDNFKEYVRHVE 386-393 

P151 aaaaaaaaaaCNSTCKYP 251-258 P192 KNDNFKEYVRHVEE 387-394 

P152 aaaaaaaaaaaNSTCKYPD 252-259 P193 KNDNFKEYVRHVEEY 388-395 

P153 AGKLGEAV 290-297 P194 AITCQKTA 450-457 

P154 aGKLGEAVP 291-298 P195 AITCQKTAP 451-458 

P155 aaKLGEAVPD 292-299 P196 AITCQKTAPP 452-459 

P156 aaaLGEAVPDD 293-300 P197 AITCQKTAPPK 453-460 

P157 aaaaGEAVPDDL 294-301 P198 AITCQKTAPPKE 454-461 

P158 aaaaaEAVPDDLY 295-302 P199 AITCQKTAPPKEK 455-462 

P159 aaaaaaAVPDDLYI 296-303 P200 AITCQKTAPPKEKE 456-463 

P160 aaaaaaaVPDDLYIK 297-304 P201 AITCQKTAPPKEKED 457-464 

P161 aaaaaaaaPDDLYIKG 298-305 P202 AITCQKTAPPKEKEDP 458-465 

P162 aaaaaaaaaDDLYIKGS 299-306 P203 AITCQKTAPPKEKEDPL 459-466 

P163 aaaaaaaaaaDLYIKGSG 300-307 P204 AITCQKTAPPKEKEDPLN 460-467 

P164 SGSIVTSE 322-329 P205 AITCQKTAPPKEKEDPLNK 461-468 

P165 SGSIVTSES 323-330 P206 AITCQKTAPPKEKEDPLNKY 462-469 

P166 SGSIVTSESQ 324-331 P207 AITCQKTAPPKEKEDPLNKYT 463-470 

P167 SGSIVTSESQL 325-332 P208 AITCQKTAPPKEKEDPLNKYTF 464-471 

P168 SGSIVTSESQLF 326-333 P209 AITCQKTAPPKEKEDPLNKYTFW 465-472 

P169 SGSIVTSESQLFN 327-334 P210 GLKAKPRL 498-505 

P170 SGSIVTSESQLFNK 328-335 P211 GLKAKPRLK 499-506 

P171 SGSIVTSESQLFNKP 329-336 P212 GLKAKPRLKR 500-507 

P172 SGSIVTSESQLFNKPY 330-337 P213 GLKAKPRLKRS 501-508 

P173 SGSIVTSESQLFNKPYW 331-338 P214 GLKAKPRLKRSA 502-509 

P174 SGSIVTSESQLFNKPYWL 332-339 P215 GLKAKPRLKRSAP 503-510 

P175 LCTEVTKE 370-377 P216 GLKAKPRLKRSAPT 504-511 

P176 LCTEVTKEG 371-378 P217 GLKAKPRLKRSAPTT 505-512 

P177 LCTEVTKEGT 372-379 P218 GLKAKPRLKRSAPTTR 506-513 

P178 LCTEVTKEGTY 373-380 P219 GLKAKPRLKRSAPTTRA 507-514 

P179 LCTEVTKEGTYK 374-381 P220 GLKAKPRLKRSAPTTRAP 508-515 

P180 LCTEVTKEGTYKN 375-382 P221 GLKAKPRLKRSAPTTRAPS 509-516 

P181 LCTEVTKEGTYKND 376-383    



Table S3. Conservative analysis of HPV58-BCE motifs among LR-HPVs and other unknown LR-/HR-HPVs 

HPV58 HPV types and aligning sequence (aa range) 

BCE No. 6* 11* 40* 42* 43* 44* 30 34 54 61 62 67 69 70 72 81 85 89 91 

E6-2        85-89    84-88 84-88    86-90   

E6-3        123-127            

E7-2 12-15 12-15      12-15 12-15   12-15 12-15 12-15   12-15   

L1-2     78-83   105-110    110-115       170-175 

L1-3     117-122              209-214 

L1-4    153-156 125-128  134-137  124-127 129-132 127-130 157-160 125-128 127-130 128-131 128-131 127-130 144-147  

L1-7 183-187 184-188  211-215  184-188 194-198 210-214 183-187   217-221 187-191 185-189   187-191   

L1-8      193-198            212-217 286-291 

L1-9 198-201  200-203  200-203 199-202      232-235 202-205      292-295 

L1-11        242-246            

L1-12  269-272      295-298            

L1-13 301-305 316-320  332-336 303-307 301-305 312-316   306-310 306-310 335-339 306-310 303-307 307-311 307-311  323-327 395-399 

L1-16       443-446  431-433   466-469 439-442  440-443 439-442   528-531 

L1-18     492-494  492-494 511-513   487-489        583-585 

Asterisk indicates the widely accepted typical LR-HPV types. Other unknown or contentious HR- or LR-HPVs are from refs. 33, 34, and 59-61. 



Table S4. Analysis of mutations of amino acids related with E6-2 in HPV16, 18 and 52 variants 
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The full length figures of SDS-PAGE gels and blots: 

Figure S3 for Figure 1 

 

 

 



Figure S4 for Figure 2 

 



 

Figure S5 for Figure 3 

 

 

 

 

 

 

 



Figure S6 for Figure 4 

 

Figure S7 for Figure 5 

 


