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Abstract

Aim : The present study anticipates prediction of novel drug/vaccine candidates from the group of uncharacterized proteins
of Burkholderiacepaciausing a series of computational tools. B.cepacia is an emerging pulmonary pathogen in
immunocompromised patients and in patients with cystic fibrosis (CS). Infections caused by these bacteria are difficult to
treat due to antibiotic resistance. So far there are no drugs/vaccines against B.Cepacia.Materials and Methods: A total of
50 hypothetical proteins were retrieved from NCBI and studied using computational tools for studying their localization,
membrane helices, physicochemical properties, virulence factors, signal peptides, antigenicity, and epitopes. These proteins
were then subjected to BLAST to find they are matching with any human homologs to avoid autoimmune reactions. Results:
Out of 50, 3 were found to be highly virulent proteins that possess antigenic properties and they are not human homologs.
Conclusion: Hence, these proteins could be putative drug targets against Burkholderiacepaciainfections. Nevertheless, they
require further in-vitro and in-vivo experiments for validation.
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INTRODUCTION

Burkholderiacepacia, is a gram negative pathogenic bacteria, that often causes pneumonia in
immunocompromised individuals with underlying lung diseases. B.cepaciacauses emerging cases all over the
world especially in patients with cystic fibrosis (CF) (Winkelstein et al. 2000). B.cepacia causes three major
problems for the CF patients (1) Innate multi resistance to antimicrobial agents (2) Person-to-person
transmission of epidemic strains through nosocomial or social contacts (3) Cepacia syndrome- a fatal
pneumonia associated with septicaemia that occurs in approximately 20% of colonized patients including those
with previously mild disease (Coenye and Vandamme 2007)(Shinoy et al. 2013).

Most of the B.cepacia strains are resistant to many of antibacterial agents that are commonly used for CF. No
vaccines are currently available to treat B.cepacia infections separately (Ada 2001). With the advent of
genomics, proteomics and bioinformatics techniques it is possible to discover antigens against B.cepacia(Shinoy
et al. 2013); (Woods and Darie 2019); (Zhang et al. 2011)1; (Heinrich et al. 2017); (L6pez-Macias and
Cunningham 2016); (L6pez-Macias and Cunningham 2016; Fulton and Twine 2020)(Puthucheary and Vadivelu
2002). Novel genomic techniques offer opportunities to effectively identify novel drug targets without growing
pathogens in-vitro. One of such reliable strategies is Reverse Vaccinology, which clearly offers a platform to
predict candidate proteins with vaccine potentials using computational tools (Rappuoli et al. 2016). About 750
studies related to proteome mining of novel drug targets against several pathogens have been found in Pubmed
in the last 5 years. One such recent study is (Prabhu et al., 2020), where the uncharacterized proteins of the
Serratiamarcescenswere functionally characterized and reported as novel drug targets using computational
tools. Our team has extensive knowledge and research experience that has translate into high quality
publications(Bhansali et al. 2021; Jayanth et al. 2021; Sudhakar, Ravel, and Perumal 2021; Sathiyamoorthi et al.
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2021; Deepanraj et al. 2021; Raju et al. 2021; Arun Prakash et al. 2020; Kamath et al. 2020; Shanmugam et al.
2021; Rajasekaran et al. 2020; Adhinarayanan et al. 2020; Rajesh et al. 2020; Aurtherson et al. 2021)

Nevertheless, the lacunae identified here is that, even though the genome and proteome of this organism is well
studied, nearly one fourth of its proteome is annotated as hypothetical proteins. Hence, the present study aims to
predict potential vaccine candidates with their epitopes from the uncharacterized protein pool of B. cepaciaby
applying RV and immune-informatics methods. These identified epitopes could be considered as promising
candidates for effective protein-based vaccines against B.cepacia.

Materials and Methods

The proposed work is done in the Bioinformatics lab, Department of Bioinformatics, Saveetha School of
Engineering, Saveetha Institute of Medical and Technical Sciences, TamilNadu,India. There is no ethical
approval as human samples are not involved. For each organism the number of groups is one. The sample size is
50 proteins per group.

The FASTA sequences of fifty uncharacterized proteins of Burkholderiacepacia were retrieved from NCBI. The
physicochemical properties including the molecular weight, pl, Instability index, Aliphatic index, extinction
coefficient and GRAVY of the hypothetical proteins were predicted using
ProtParam(https://web.expasy.org/protparam/). VICM pred tool (http://www.imtech.res.in/raghava/vicmpred/)
was used for functional classification of hypothetical proteins. Subcellular localization was predicted for the 50
sequences using CELLO2GO(http://cello.life.nctu.edu.tw/cello2go/)(Horton et al. 2007). Virulence and
antigenicity properties of the fifty uncharacterized proteins were identified using VaxiJen ver. 2.0
(http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html). The combination of ABCpred, and Vaxilen
servers (http://ailab-projectsl.ist.psu.edu:8080/bcpred/predict.ntml) allowed the prediction of overlapping
antigenic B cell epitopes (Rammensee, Bachmann, and Stevanovic 2013; Rammensee, Bachmann, and
Stevanovi¢ 1997) from  the uncharacterized proteins which is important for the development of
immunodiagnostics (Doytchinova, Guan, and Flower 2006; Shirai et al. 2014).

CTLPred server (http://crdd.osdd.net/raghava/ctlpred/) predicted cytotoxic T cell epitopes from the
uncharacterized proteins studied (Bhasin and Raghava 2004; “Website,” n.d.). A total of 2 cytotoxic T cell
epitope regions were predicted as antigens by VaxiJen server. Of these 1 antigenic epitope is found in
OHS92109.1 and another one found in OHS88591.1. Both the antigenic epitopes are allergens . Characteristics
of transmembrane helices in uncharacterized proteins was predicted by TMHMM based on the hidden Markov
model and HMMTOP (http://www.enzim.hu/hmmtop/html/submit.html) (Koski 2001); (Tusnady and Simon
2001; “Website,” n.d.). Avoiding interference against human immune mechanisms, these uncharacterized
protein sequences are submitted to tBLASTn(https://blast.ncbi.nim.nih.gov/) for non-human homologs (Heath
and Ramakrishnan 2010).

Results

Table 1 shows the hypothetical protein sequences retrieved from NCBI. Table 2 Depicts the physio-chemical
properties of the retrieved protein sequences predicted using PROTPARAM tools. Table 3 reveals the functional
classification of hypothetical proteins found using the VICMpred tool. Table 4 shows the subcellular
localization for all the proteins predicted using the CELLO2GO tool. Table 5 shows the antigenicity
characteristics of the proteins revealed using VaxiJen ver. 2.0 tool. Table 6 depicts the presence of epitopes in
the proteins studied using BCpred, ABCpred and VaxiJen tools. Table 7 reveals the presence of T- cell epitopes
in the uncharacterized protein pool using CTLpred tool. Table 8 shows the number of transmembrane helices
found in the 3 putative antigenic proteins analyzed using the HMMTOP tool. Table 9 depicts the tBLASTn
results of the 3 putative novel antigenic proteins, confirming if they are homologous to any human proteins.
From these results, we can conclude that these proteins are potential candidates for drug designing against
B.cepacia.

Discussion

Out of 50, 3 were found to be highly virulent proteins that possess antigenic properties and they are not human
homologs.Hence, these proteins could be putative drug targets against Burkholderiacepaciainfections.
Nevertheless, they require further in-vitro and in-vivo experiments for validation. Currently, over 50% of the
B.cepaciaproteins have no annotated function. Characterization of hypothetical proteins may be useful in better
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understanding the organism’s metabolic pathways, disease progression, drug development, and disease control
strategies(Brissow 2019)(Kaur et al. 2021)(Brussow 2019). With a complete B.cepaciagenome sequence (Nene
and Kole 2008) and advancement in bioinformatics, it is now possible to identify potential vaccine candidates
using reverse vaccinology which reduces the time and cost of designing and identifying vaccine candidates
(Rappuoli et al. 2016).

This study utilized several bioinformatics and immunoinformatics tools for identification and characterization of
hypothetical proteins of B.cepaciafor vaccine development. Out of 50 hypothetical proteins studied, 2
(KML08942.1 and KML08444.1) were identified as potential drug targets B.cepacia(Brussow 2019). For
prediction of localization with functional classification we have used a web server CELLO2GO (Yu et al.
2014)The BLAST results of the three selected HPs suggest that they could be used for drug development
without causing autoimmunity. In-silico characterization of these three putative targets, affirms that they could
be novel drug targets with potentials. VaxiJen server identified the potential antigens out of 50 hypothetical
proteins. Out of 50, 3 proteins possessed virulence (Garg and Gupta 2008) and antigenic properties .
Furthermore, these 3 were subjected to epitope prediction. The B cell epitopes were identified through ABCpred
server while CTL epitopes were predicted using CTLPred web server. This is based on the idea that the
development of a peptide vaccine largely relies on identifying immunodominantepitopes(Sanchez-Trincado,
Gomez-Perosanz, and Reche 2017)(Sanchez-Trincado, Gomez-Perosanz, and Reche 2017) that can induce
specific immune responses without the need of involving whole microorganisms. From the two HPs, a number
of antigenic B, cytotoxic and helper T cell epitopes were identified which could potentially be used for
designing an epitope based vaccine against B.cepacialisted in Tables 7 and 8.

Therefore, information generated herein about the characteristics of novel drug targets identified could shed
insight into bacterial pathogenesis and can assist in vaccine development. Nonetheless, the major limitation of
this study is that the selected drug candidates along with their epitopes should be further validated for their
immunogenicity and protective efficacy experimentally if they are to be used for future drug development
against B.cepacia.

Conclusion

Reverse vaccinology is a promising strategy for the screening and identification of antigenic antigens with
potential capacity to elicit cellular and humoral immune responses against B.cepaciainfection. In this study, two
hypothetical proteins were selected through computational methods and verified as potential drug candidates
against B.cepacia. We therefore recommend further in-depth immunoinformatics and structural biology
approaches together with in vitro and in vivo experiments to validate their immunogenicity and protective
efficacy to completely decipher the vaccine targets against B.cepacia.
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List of Tables
Table 1. Retrieval of hypothetical protein sequences from NCBI

S.No Accession Number Protein
1. SES73574.1 Hypothetical
2. KML 14202.1 Hypothetical
3. KML06707.1 Hypothetical
4, KML 21601.1 Hypothetical
5. KML20291.1 Hypothetical
6. KML19256.1 Hypothetical
7. KML15370.1 Hypothetical
8. KML14433.1 Hypothetical
9. KMK97725.1 Hypothetical
10. KML22375.1 Hypothetical
11. KML22249.1 Hypothetical
12. KML21985.1 Hypothetical
13. KML21650.1 Hypothetical
14. KML21640.1 Hypothetical
15. KML21092.1 Hypothetical
16. KML21022.1 Hypothetical
17. KML20341.1 Hypothetical
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18. KML19501.1 Hypothetical
19. KML18866.1 Hypothetical
20. KML18863.1 Hypothetical
21. KML17458.1 Hypothetical
22. KML17380.1 Hypothetical
23. KML17359.1 Hypothetical
24. KML17040.1 Hypothetical
25. KML16936.1 Hypothetical
26. KML16332.1 Hypothetical
27. KML15872.1 Hypothetical
28. KML15222.1 Hypothetical
29. KML14666.1 Hypothetical
30. KML14459.1 Hypothetical
31. KML14250.1 Hypothetical
32. KML12027.1 Hypothetical
33. KML12003.1 Hypothetical
34. KML10949.1 Hypothetical
35. KML10146.1 Hypothetical
36. KML09187.1 Hypothetical
37. KML08942.1 Hypothetical
38. KML08715.1 Hypothetical
39. KML08444.1 Hypothetical
40. KML03670.1 Hypothetical
41. KML02576.1 Hypothetical
42, KML02316.1 Hypothetical
43. KML02308.1 Hypothetical
44, KML01017.1 Hypothetical
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45, KMLO00665.1 Hypothetical
46. KML00027.1 Hypothetical
47, KMK99432.1 Hypothetical
48. KMK98973.1 Hypothetical
49, KMK98856.1 Hypothetical
50. KMK92235.1 Hypothetical
Table 2. Physio-chemical properties of the retrieved protein sequences using PROTPARAM
S.N Protein ID Molecula P GRAV Instabilit Aliphati Extinction
6] r Y y c
Coefficien
Weight Index Index t
1. SES73574.1 58139.8 5.68 -0.046 28.45 93.10 64315
3
2. KML14202.1 13527.6 6.05 0.127 33.15 98.39 9970
5
3. KML06707.1 47101.7 8.42 -0.004 38.34 96.55 51700
4
4, KML21601. 51296.2 6.77 -0.033 38.95 100.46 38390
1 8
5. KML20291. 84429.6 6.05 -0.058 42.82 88.78 93320
1 8
6. KML19256. 50331.7 8.77 -0.145 36.60 83.85 90995
1 2
7. KML15370. 89562.7 8.70 -0.542 53.25 60.85 160895
1 8
8. KML14433. 46515.6 5.89 -0.087 27.45 76.27 83770
1 6
9. KMK97725. 23011.4 7.18 -0.050 31.63 94.98 24980
1 3
10. KML22375. 84358.4 5.94 -0.102 31.91 91.88 76375
1 9
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11. KML22249. 49005.7 6.11 0.133 30.59 93.15 32110
1 6

12. KML21985. 40540.2 6.72 0.012 41.50 95.84 41940
1 4

13. KML21650. 47225.7 5.77 0.005 33.68 91.61 55850
1 6

14, KML21640. 35292.4 10.2 -0.065 62.15 108.00 9970
1 6 9

15. KML21092. 28394.7 9.62 -0.228 44.22 98.02 17085
1 5

16. KML21022. 29557.6 10.2 -0.379 49.41 74.44 42190
1 2 2

17. KML20341. 17101.4 11.7 -0.257 42.49 72.47 16625
1 9 0

18. KML19501. 8632.51 10.1 1.114 17.78 143.81 13980
1 6

19. KML18866. 29253.0 6.31 -0.350 27.27 81.45 64985
1 1

20. KML18863. 21370.7 5.47 -0.615 29.63 69.37 55920
1 5

21. KML17458. 13404.7 10.7 -0.009 42.05 102.35 16500
1 5 9

22. KML17380. 212511 6.10 -0.135 42.46 92.67 23045
1 5

23. KML17359. 36753.7 5.58 -0.269 39.08 83.12 38305
1 2

24. KML17040. 26055.0 11.1 -0.164 55.85 86.52 25230
1 4 6

25. KML16936. 37571.9 9.88 -0.018 45.08 91.26 52940
1 5
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26. KML16332. 17592.8 6.36 -0.035 58.40 94.70 15470
1 7

217. KML15872. 15139.0 9.03 0.187 24.58 93.33 4595
1 7

28. KML15222. 57929.4 6.02 0.220 37.62 100.94 38640
1 6

29. KML14666. 35113.7 6.61 -0.517 48.95 72.00 76110
1 1

30. KML14459. 48956.9 5.71 -0.117 34.10 90.11 55725
1 1

31. KML14250. 57545.6 5.57 -0.258 37.56 80.75 54235
1 6

32. KML12027. 55231.9 5.30 0.202 33.99 98.27 48610
1 2

33. KML12003. 47761.3 6.19 -0.025 33.96 94.14 29715
1 8

34. KML10949. 59047.4 5.81 0.055 26.86 96.72 41745
1 3

35. KML10146. 49975.4 5.88 -0.085 37.69 89.28 69690
1 1

36. KML09187. 36389.6 7.91 -0.119 41.98 87.20 54555
1 1

37. KML08942. 31919.5 6.86 0.229 24.26 76.84 42775
1 3

38. KMLO08715. 22588.7 6.75 -0.038 42.36 95.89 12490
1 1

39. KMLO08444. 11362.0 531 -0.245 31.74 88.82 2980
1 1

40. KMLO03670. 66831.9 6.59 -0.448 36.71 89.46 64290
1 6
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41. KMLO02576. 18530.1 7.64 -0.013 35.53 86.96 16640
1 1

42. KMLO02316. 8634.79 4.10 0.180 58.11 102.25 4470
1

43. KMLO02308. 16007.0 6.89 -0.534 46.69 62.14 27180
1 1

44, KMLO01017. 36466.2 5.67 0.865 19.63 124.94 43430
1 1

45. KMLO00665. 41895.5 8.71 -0.021 27.78 93.04 33585
1 5

46. KMLO00027. 34125.5 4.98 -0.379 40.68 70.37 82195
1 3

47. KMK99432. 29118.1 8.79 -0.270 34.15 86.04 37360
1 3

48. KMK98973. 7485.85 7.87 0.444 34.14 113.38 1615
1

49, KMK98856. 24128.8 10.1 0.294 28.06 98.68 16625
1 7 8

50. KMK92235. 50598.5 6.09 -0.022 34.23 92.13 43235
1 7

Table 3. Functional classification of hypothetical proteins using VICMpred.

S.No. Accession Number Functional Class Score
1. SES73574.1 Information and storage 1.947109
2. KML14202.1 Cellular Process 3.2760795
3. KML06707.1 Information and storage -2.8863021
4. KML21601.1 Metabolism Molecule 28.163698
5. KML20291.1 Information and storage 12.64434
6. KML19256.1 Information and storage -3.0464891
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7. KML15370.1 Cellular Process 3.6625241
8. KML14433.1 Cellular Process 2.1738985
9. KMK97725.1 Cellular Process 1.7553734
10. KML22375.1 Metabolism Molecule 6.2803919
11. KML22249.1 Information and storage -2.740058
12. KML21985.1 Metabolism Molecule -0.29996911
13. KML21650.1 Virulence factors -1.5581426
14. KML21640.1 Cellular Process 1.820983
15. KML21092.1 Cellular Process 1.675772
16. KML21022.1 Cellular Process 3.3126758
17. KML20341.1 Cellular Process 4.1958572
18. KML19501.1 Metabolism Molecule 0.77439422
19. KML18866.1 Cellular Process 0.40367169
20. KML18863.1 Cellular Process 1.2318979
21. KML17458.1 Cellular Process 2.802308
22. KML17380.1 Cellular Process 2.7047251
23. KML17359.1 Cellular Process 1.3048138
24. KML17040.1 Cellular Process 2.7097199
25. KML16936.1 Cellular Process 1.2581723
26. KML16332.1 Metabolism Molecule 1.188392
27. KML15872.1 Cellular Process 2.1691374
28. KML15222.1 Information and storage 1.621023
29. KML14666.1 Metabolism Molecule 0.93437648
30. KML14459.1 Cellular Process 1.8255092
3L KML14250.1 Cellular Process 6.1602703
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32. KML12027.1 Cellular Process -0.24186409
33. KML12003.1 Metabolism Molecule 5.8478392
34. KML10949.1 Metabolism Molecule -4.2839721
35. KML10146.1 Metabolism Molecule -0.72723536
36. KML09187.1 Metabolism Molecule 0.96349173
37. KML08942.1 Virulence factors 1.4292084
38. KML08715.1 Cellular Process 4.2513801
39. KML08444.1 Virulence factors 035750887
40. KML03670.1 Information and storage -5.3803569
41. KML02576.1 Cellular Process 1.7964097
42, KML02316.1 Cellular Process 2.0961271
43. KML02308.1 Metabolism Molecule 3.3396351
44, KMLO01017.1 Metabolism Molecule 6.5564375
45, KMLO00665.1 Metabolism Molecule -3.6310361
46. KML00027.1 Cellular Process 2.088157
47. KMK99432.1 Cellular Process 1.101841
48. KMK98973.1 Cellular Process 0.49633792
49, KMK98856.1 Cellular Process 1.117195
50. KMK?92235.1 Metabolism Molecule 1.5638527
Table 4. Subcellular localization prediction for the proteins using CELLO2GO
S.No Accession Number Localization
1. SES73574.1 Cytoplasmic
2. KML14202.1 Cytoplasmic
3. KML06707.1 Cytoplasmic
4, KML21601.1 Outer Membrane
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5. KML20291.1 Cytoplasmic
6. KML19256.1 Outer Membrane
7. KML15370.1 Inner Membrane
8. KML14433.1 Extracellular
9. KMK97725.1 Cytoplasmic
10. KML22375.1 Cytoplasmic
11. KML22249.1 Cytoplasmic
12. KML21985.1 Cytoplasmic
13. KML21650.1 Cytoplasmic
14. KML21640.1 Cytoplasmic
15. KML21092.1 Cytoplasmic
16. KML21022.1 Outer membrane
17. KML20341.1 Cytoplasmic
18. KML19501.1 Inner Membrane
19. KML18866.1 Cytoplasmic
20. KML18863.1 Periplasmic
21 KML17458.1 Cytoplasmic
22 KML17380.1 Cytoplasmic
23 KML17359.1 Cytoplasmic
24 KML17040.1 Cytoplasmic
25 KML16936.1 Cytoplasmic
26 KML16332.1 Cytoplasmic
27 KML15872.1 Extracellular
28 KML15222.1 Cytoplasmic
29 KML14666.1 Cytoplasmic
30 KML14459.1 Cytoplasmic
31 KML14250.1 Cytoplasmic
32 KML12027.1 Cytoplasmic
33 KML12003.1 Cytoplasmic
34 KML10949.1 Cytoplasmic
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35 KML10146.1 Cytoplasmic
36 KML09187.1 Cytoplasmic
37 KML08942.1 Extracellular
38 KMLO08715.1 Inner Membrane
39 KML08444.1 Cytoplasmic
40 KML03670.1 Periplasmic
41 KML02576.1 Cytoplasmic
42 KML02316.1 Cytoplasmic
43 KML02308.1 Cytoplasmic
44 KML01017.1 Inner Membrane
45 KML00665.1 Inner Membrane
46 KML00027.1 Cytoplasmic
47 KMK99432.1 Cytoplasmic
48 KMK98973.1 Inner Membrane
49 KMK98856.1 Cytoplasmic
50 KMK92235.1 Cytoplasmic
Table 5.Evaluating the antigenicity of the proteins using VaxiJen ver. 2.0
S.No Accession Number Antigenicity score

1. SES73574.1 0.4987

2. KML14202.1 0.5441

3. KML06707.1 0.4927

4. KML21601.1 0.5338

5. KML20291.1 0.4560

6. KML19256.1 0.5761

7. KML15370.1 0.5378

8. KML14433.1 0.5811

9. KMK97725.1 0.5565

10. KML22375.1 0.4380
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11. KML22249.1 0.3752
12. KML21985.1 0.4014
13. KML21650.1 0.4109
14, KML21640.1 0.4706
15. KML21092.1 0.3634
16. KML21022.1 0.4893
17. KML20341.1 0.5647
18. KML19501.1 0.1686
19. KML18866.1 0.3392
20. KML18863.1 0.4082
21. KML17458.1 0.4094
22. KML17380.1 0.4800
23. KML17359.1 0.3381
24. KML17040.1 0.2480
25. KML16936.1 0.4212
26. KML16332.1 0.5503
217. KML15872.1 0.9457
28. KML15222.1 0.4061
29. KML14666.1 0.2096
30 KML14459.1 0.3882
31. KML14250.1 0.4733
32. KML12027.1 0.4169
33. KML12003.1 0.4670
34. KML10949.1 0.4746
35. KML10146.1 0.5264
36. KML09187.1 0.3529
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37. KML08942.1 0.9120
38. KMLO08715.1 0.5860
39. KML08444.1 0.6263
40. KMLO03670.1 0.4363
41. KML02576.1 0.4306
42, KML02316.1 0.2902
43. KML02308.1 0.4965
44, KMLO01017.1 0.3873
45, KML00665.1 0.4126
46. KML00027.1 0.4718
47. KMK99432.1 0.4421
48. KMK98973.1 0.3237
49. KMK98856.1 0.3934
50. KMK92235.1 0.2981

Table 6. Epitope prediction using ABCpred and VaxiJen

Accession B cell epitope ABC Vaxijen Allergen FP
Number Pred
KML08942.1 ASLTTSSGTFPFGATA
AHSIRWGDGTGGSATV 0.93 0.3495 Non-allergen
GGTIGYGLYTDAAHSI
NAPVTATGTVSVTCTW
AVPAQTTPAPGSYSDT 0.91 2.1469 Allergen
QITGNQPTVPTTGNST
TVTVYGQITGNQPTVP 0.91 0.7998 Allergen
SVYSGTTPTSVTLAKP
GGHSVAWGSVYSGTTP 0.90 0.9789 Non-allergen
NSTTTYSQQFGGNTTS
SCTATASTVSFGSVSP 0.90 0.7856 Non-allergen
DGTGGSATVTGVGTGT
ALPRTEINVLRKHLDE 0.90 1.1880 Non-allergen
SGTLAATGTITAQCTN
TGTITAQCTNGDAWKI 0.89 0.5213 Non-allergen
TFPFGATADVINNCNI
GTVSVTCTWSAVSLVP 0.89 0.5424 Allergen
AMQYDLYLDGGHSVAW
PTHETICALPRTEINV 0.89 0.5703 Non-allergen
SQVVTVYGAVPAQTTP
GNTTSINTGFYLLVAP 0.88 1.0838 Allergen
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AFAAWCGVPHHARAES

GTASILSGTLAATGTI 0.87 0.9222 Allergen

NLGGTSPRSLVNGTNA

DVTARQMKRSGGGGTI 0.86 2.6435 Non-allergen

SSGGSGDVTARQMKRS

AWKIALSSGGSGDVTA 0.86 0.2232 Non-allergen

RSLVNGTNAMQYDLYL

MKRSGGGGTIGYGLYT 0.85 0.7065 Allergen

STVSFGSVSPISNAPV

GLYTDAAHSIRWGDGT 0.84 1.5586 Allergen

CTWSAVSLVPNVLVCL

PAPGSYSDTITATISF 0.84 0.4000 Non-allergen

IACEPACIAMRLALLL

NCNINATNVSFGTASI 0.82 0.6012 Allergen

TGFYLLVAPTCASLTT

NVLRKHLDERIACEPA 0.82 0.8593 Non-allergen

SVTLAKPALGTSASAT
0.80 0.1008 Non-allergen
0.80 0.4196 Non-allergen
0.80 1.1890 Non-allergen
0.79 0.4423 Non-allergen
0.79 0.3239 Non-allergen
0.79 1.1432 Allergen
0.78 2.0844 Non-allergen
0.78 2.3773 Non-allergen
0.78 2.1397 Non-allergen
0.77 0.7043 Non-allergen
0.76 1.9053 Non-allergen
0.74 0.1950 Allergen
0.70 0.5922 Allergen
0.69 0.4634 Non-allergen
0.69 0.9553 Non-allergen
0.68 0.9657 Non-allergen
0.63 0.8637 Non-allergen
0.61 0.7397 Non-allergen
0.61 0.9542 Non-allergen
0.60 1.0588 Non-allergen
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KML08444.1 SGGNYTGLTITVRATS

ALPRTEINVLRKHLDE 0.92 1.1382 Non-allergen
TKTIEVTGAIDTRKES
PIKIMGKAHPEFKDTI 0.86 0.2232 Non-allergen
RATSQEQLDNIYRALT 0.85 1.0495 Non-allergen
TGAIDTRKESLLEFPC
EFPCDFPIKIMGKAHP 0.84 0.5598 Non-allergen
DERIACEPACIAMSEP
PTHETICALPRTEINV 0.84 -0.0125 Non-allergen
GLTITVRATSQEQLDN
LDNIYRALTGHPMVKV 0.83 0.7122 Non-allergen
VEKIEERASSGGNYTG
KVVAVHDNEIDVEKIE 0.82 0.9264 Non-allergen
ACIAMSEPTKTIEVTG
HPEFKDTIFKVVAVHD 0.81 0.7093 Non-allergen
NVLRKHLDERIACEPA
0.80 0.1008 Non-allergen
0.79 0.9429 Non-allergen
0.78 0.0175 Non-allergen
1.3776 Non-allergen
0.76
0.9199 Allergen
0.76
0.7850 Non-allergen
0.73 0.4093 Non-allergen
0.70 0.9542 Non-allergen
0.61

Table 7. T- cell epitope prediction of uncharacterized proteins using CTLpred

Accession Peptide Start TC pred score Antigenicity Allergenicity
Number score

KML08942.1 AKPALGTSA

TVSFGSVSP 155 1.000 1.1657 Allergen
SPISNAPVT
70 0.990 0.6200 Allergen
77 0.990 0.3530 Allergen

KML08444.1 PCDFPIKIM

SGGNYTGLT 63 0.990 1.5955 Allergen
LDNIYRALT
104 0.990 1.3661 Allergen
123 0.990 -1.2344 Allergen

.Journal of Pharmaceutical Negative Results |Volumel3|Speciallssue 42022




Vaishnavi Modupalli,etal.: Mining of novel drug/vaccine targets from the proteome of Burkholderiacepaciausing computational tools
through reverse vaccinology approach

Table 8. Transmembrane helices prediction for the 2 putative antigenic proteins using HMMTOP
Accession Number TMHMM Score HMMTOP Score
KML08942.1 0 1
KML08444.1 0 0

Table 9. Screening of the 2 putative antigenic proteins using tBLASTn for off targets

Accession Number Non-human Homologous
KML08942.1 No significant similarity found
KML08444.1 No significant similarity found
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