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Cluster diûerentiation gene (CD14) is a family of monocyte diûerentiating genes that
works in conjunction with lipopolysaccharide binding protein (LBP), forming a complex with
TLR4 or LY96 to mediate innate immune response to pathogens. In this report, we used
diûerent computational methods to elucidate the evolution of CD14 gene coding region in
14 mammalian species. Our analyses identiûed leucine rich repeats (LRRs) as the only
signiûcant domain across the CD14 protein of the 14 species with varying frequencies.
Importantly, we found signal peptides located at mutational hotspots demonstrating this
gene has ancient conservation across these species. Out of the 10 selected variants
analyzed in this study, only 6 were predicted to possess signiûcant deleterious eûect. Our
predicted protein interactome showed a signiûcant varying protein-protein interaction with
CD14 protein across the species. This is important for drug target and therapeutic
manipulation for the treatment of many diseases. We conclude that these results
contribute to our understanding of the CD14 molecular evolution, which underlays varying
species response to complex disease traits.
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23 Abstract

24 Cluster differentiation gene (CD14) is a family of monocyte differentiating genes that works in 

25 conjunction with lipopolysaccharide binding protein (LBP), forming a complex with TLR4 or 

26 LY96 to mediate innate immune response to pathogens. In this report, we used different 

27 computational methods to elucidate the evolution of CD14 gene coding region in 14 mammalian 

28 species. Our analyses identified leucine rich repeats (LRRs) as the only significant domain across 

29 the CD14 protein of the 14 species with varying frequencies. Importantly, we found signal 

30 peptides located at mutational hotspots demonstrating this gene has ancient conservation across 

31 these species. Out of the 10 selected variants analyzed in this study, only 6 were predicted to 

32 possess significant deleterious effect. Our predicted protein interactome showed a significant 

33 varying protein-protein interaction with CD14 protein across the species. This is important for 

34 drug target and therapeutic manipulation for the treatment of many diseases. We conclude that 

35 these results contribute to our understanding of the CD14 molecular evolution, which underlays 

36 varying species response to complex disease traits.
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46 Introduction

47 Cluster of differentiation 14 (CD14) gene is a surface differentiation antigen preferentially 

48 expressed on mammalian monocytes, neutrophils, macrophages, and plasma cells (Baumann et 

49 al., 2010; Tang et al., 2017). CD14 is important in initiating a robust immune response against 

50 microbial pathogens by mediating innate immune response, in concert with several other 

51 proteins. It is a co-receptor with Toll-like receptor-4 (TLR4) to activate several intracellular 

52 signaling pathways that lead to the synthesis and release of inflammatory cytokines, 

53 antimicrobial peptides, chemokine, and other co-stimulatory molecules which in turn interact 

54 with the adaptive immune system (Hartel et al., 2008). Comparative studies have shown that two 

55 or more proteins can have common evolutionary origin thereby sharing structural and functional 

56 characteristics (Kanduc 2012). CD14 molecule exists in two forms: soluble (sCD14) or 

57 membrane-bound (mCD14) (Panaro et al., 2008; Xue et al., 2012). There are multiple variants of 

58 CD14 that are encoded by the same protein due to alternative splicing and as such has been 

59 mapped to varying chromosomal locations in different species. For example, it is mapped to 

60 chromosome 5 in humans, 7 in cattle and 18 in mouse (Ferrero et al., 1990; Le Beau et al., 1993; 

61 Ibeagha-Awemu et al., 2008). 

62

63 Studies in human, mouse, cattle and sheep have shown that CD14 is significantly involved in 

64 innate immunity, playing major roles in susceptibility to tuberculosis, trypanosomosis, malaria 

65 and other bacterial infections (Sugawara et al., 2003; Ibeagha-Awemu et al., 2008; Xue et al., 

66 2012; Ojurongbe et al., 2017). Other published reports have shown that there is a higher 

67 susceptibility to Mycobacterium tuberculosis infection in CD14 knock-out mice when compared 

68 to the wild type (Reiling et al., 2002; Weiland et al., 2008). Likewise, single nucleotide 
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69 polymorphisms (SNPs) in CD14 gene have been associated with higher susceptibility in many 

70 disease instances (Oakley et al., 2009; Liu et al., 2012; Xue et al., 2012; Zanoni and Granucci, 

71 2013; Thomas et al., 2015; Xue et al., 2017). In fact, Song et al. (2014) reported how genetic 

72 heterozygosity modulate disease resistance and progression in cattle infected with bovine 

73 tuberculosis. Furthermore, comparative studies have shown that organism relatedness can be 

74 traced through their pattern of genetic divergence (Kanduc, 2012; De Donato et al., 2017; Peters 

75 et al., 2018). 

76

77 Several sequence-based methods and tools have been developed to gather evolutionary 

78 information in related species via amino acids (aa) sequence variation and conservation of 

79 homologous proteins through multiple sequence alignment (MSA) (Hepp et al., 2015, Peters et 

80 al., 2018). Similarly, other computational methods are available to identify single nucleotide 

81 polymorphism (SNP) variation within and among aa sequences in multiple species, which 

82 possibly affects the stability and functionality of such proteins (Ng and Henikoff, 2006; Yue and 

83 Moult 2006; Hepp et al., 2015). Many of these tools can predict the effect of SNP occurrence in 

84 protein sequences to determine whether they are disease related, deleterious or neutral. 

85 Comparative genomics therefore is a powerful tool to elucidate variants and effects among 

86 multiple species in order to detect diseases associated to variations. Variations in amino acid 

87 sequence have the ability to alter protein structure and functions like ligand binding, protein 

88 folding, impaired intracellular transport and reduced stability (Zeron-Medina et al., 2013; 

89 Morisseau et al., 2014; Valastyan and Lindquist 2014).

90
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91 Due to the significance of CD14 gene in several disease cases in humans and other species and 

92 considering its involvement in innate immunity, we speculated that there might be evolutionary 

93 patterns of similarity and diversification that occurred during speciation, which is important for 

94 comparative immune and disease studies in different species. Here, we carried out a detailed 

95 comparative study of CD14 protein in different species to elucidate the evolutionary basis for 

96 conserved regions, active sites and mutational hotspots, which could lead to novel disease 

97 phenotypes. In addition, we examine the diversification in CD14 protein interactions within and 

98 across the species, which could be explored for therapeutic development or drug design.

99

100 Materials and Methods

101 Sequence retrieval and multiple sequence alignment

102 Complete CD14 amino acid sequences of 14 mammals were retrieved from the database of 

103 UniProtKB/Swiss-Prot (https://www.uniprot.org/uniprot/?query=CD14&sort=score).  The 

104 sequences were retrieved for human (P08571), rat (Q63691), mouse (P10810), cattle (Q95122), 

105 rabbit (Q28680), monkey (B3Y6B8), gorilla (G3R4C0), sheep (W5QJA2), horse (F6VK89), pig 

106 (A7BG66), buffalo (A0A2R4SDF9), goat (ABE68725.1, from NCBI), chimpanzee (B3Y6B4) 

107 and yak (L8I9P7). We performed sequence alignment with the Multalin software 

108 (http://multalin.toulouse.inra.fr/multalin/), which does a simultaneous alignment of biological 

109 sequences with hierarchical clustering. To examine similarity between the sequences, we used 

110 SIAS (Sequence Identity And Similarity, http://imed.med.ucm.es/Tools/sias.html) with default 

111 BLOSUM62 scoring matrices.  Evolutionary tree was constructed from the sampled species 

112 through Phylogeny.fr (http://www.phylogeny.fr/index.cgi) online program.

113
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114 Comparative physicochemical properties of amino acid sequence in the CD14 molecule 

115 The biochemical properties of the amino acids from the 14 mammalian species were computed 

116 with ProtParam (www.expasy.org/protparam/). The following properties were computed for each 

117 sequence: aliphatic index, instability index, protein net charge, molecular weight, and grand 

118 average of hydropathicity (GRAVY) and isoelectric point (pI).

119

120 Functional analysis, motif scanning and prediction of signal peptides  

121 We performed functional analysis on the protein sequences in order to classify them in to super 

122 families, predict domains, repeats and find important sites that may be relevant in evolution. We 

123 scanned for the motif signatures among the amino acid sequences with the combined use of 

124 ScanProsite (https://prosite.expasy.org/) (Sigrist et al., 2010) and InterPro, an online program 

125 that analyzes protein sequences and classification (https://www.ebi.ac.uk/interpro/). The 

126 HAMAP profiles, PROSITE patterns, Pfam global models and PROSITE profiles were all 

127 included in the search. Sequence logo of the identified conserved domain in the CD14 protein 

128 among the 14 mammalian species was constructed with WebLogo 

129 (http://weblogo.berkeley.edu/logo.cgi), to show the graphical view of the region containing the 

130 conserved amino acid among the species. Furthermore, we predicted the cleavage sites and the 

131 presence of signal peptides in CD14 protein from the 14 mammalian species using SignalP 5.0 

132 server (http://www.cbs.dtu.dk/services/SignalP/), which uses recurrent neural network 

133 architecture and deep convolution to classify signal peptides into lipoprotein signal peptides, 

134 secretory signal peptides or Tat signal peptides. In order to gain a better understanding of the 

135 localization of the protein in each species, we predicted subcellular localizations of CD14 protein 

136 using Neural Networks algorithm on DeepLoc-1.0 server 
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137 (http://www.cbs.dtu.dk/services/DeepLoc/), and the construction of the subcellular pathway 

138 hierarchical tree. 

139

140 Prediction analysis of amino acid substitution

141 The effect of the amino acid substitution was predicted using the combination of SIFT (Sorting 

142 Intolerance from Tolerance), PANTHER (Protein ANalysis THrough Evolutionary Relationship) 

143 and PROVEAN (Protein Variation Effect Analyzer). Briefly, we used human CD14 amino acid 

144 sequence to query the multiple sequence alignment (MSA) of other mammalian species in this 

145 study using SIFT which predict the tolerance or deleterious effect of substitutions for each 

146 position in the query sequence.  Any position with probability less than 0.05 is classified as 

147 deleterious. We selected a total of 10 variants from the mutational hotspots as predicted by SIFT 

148 and further estimate the likelihood of the selected variants and their effects on protein function 

149 through PROVEAN and PANTHER.

150

151 Prediction of protein interactome with CD14 protein in different species

152 In order to establish specific interaction of CD14 with other molecules as a result of biochemical 

153 events during speciation, we used the CD14 amino acid sequence from each mammalian species 

154 in this study to predict its association with other protein groups and generate different networks 

155 using STRING, a database that predicts protein-protein interactions (https://string-db.org/). This 

156 is important in order to examine the diversity shaped by evolution in the association of CD14 

157 gene with other molecule in different organisms. Venn diagrams were constructed for the 

158 comparison and visualization of overlapping protein-protein interaction (PPI) among different 

159 species using two web based applications 
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160 (http://bioinformatics.psb.ugent.be/software/details/Venn-Diagrams and 

161 http://bioinfogp.cnb.csic.es/tools/venny/) 

162

163 Results

164 Comparative analysis and sequence evolutionary trace

165 In this study, we examined the evolutionary pattern of CD14 protein sequences in 14 mammalian 

166 species. The alignment is conserved within two groups separated into ruminants and non-

167 ruminants. The multiple sequence alignment (MSA)  identified leucine (L), aspartic acid (D), 

168 lysine (K), glutamic acid (E), valine (V), glycine (G), serine (S) and asparagine (N) as 

169 evolutionarily conserved amino acid residues, while others like proline (P), glutamine (Q), 

170 methionine (M), alanine (A), phenylalanine (F), isoleucine (I), threonine (T) and were 

171 evolutionarily varied. CD14 protein sequence is varied in both percent similarity and identity 

172 across the 14 species though they share common evolutionary origin (Figure1, 2). The percent 

173 identity of CD14 protein in monkey, gorilla, chimpanzee and human was similar while gorilla 

174 shares the closest identity with human (Table 1, 2). Among the ruminants, cattle and yak share 

175 the closet similarity compared to buffalo, sheep and goat, although the phylogenetic tree suggests 

176 that goat is distantly related. While mouse and rat cluster with the same origin, the analysis show 

177 that they share less identity (7.4%) and similarity (13.3%). Rabbit, horse and pig are distantly 

178 apart from other species, as they do not share high conservation (Table 2, Figure 2).  In all, the 

179 sequence of CD14 protein in goat and horse share the least similarity (9.9% and 13.2% for goat 

180 and horse respectively) and identity (6.7% and 6.9% for goat and horse respectively) with 

181 human.

182
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183 Physicochemical properties at the CD14 promoter region

184 ProtParam tool (www.expasy.org/protparam/) was used to compute the physical and chemical 

185 properties of CD14 amino acid sequences among the 14 species (Table 3). The aliphatic index of 

186 all the species is generally high for all species showing that the protein is thermally stable. A 

187 higher instability index was observed in the CD14 molecule of rabbit, pig and monkey (53.0, 

188 46.8 and 45.1 respectively), indicating that the protein in less stable and hydrophobic amino 

189 acids occupy majority of the sequence, such as leucine, valine, serine and asparagine, which 

190 provides higher tolerance against diseases. The lowest instability index is observed in horse 

191 (33.5) and goat (35.1) showing that the protein is more stable in these species. CD14 protein in 

192 goat also has the lowest aliphatic index (99.7) while mouse has the highest (107.7). We observed 

193 a closer range of molecular weight among the species in this study, although gorilla, monkey, 

194 human, chimpanzee and rat had the higher molecular weight with close range (Table 3). 

195 Negative net charge, indicative that the protein is more basic than acidic, ranged from -9 to +4 as 

196 found in mouse and goat respectively. Goat, horse and gorilla has higher Ip indicating that CD14 

197 molecule is highly basic in these species than others. The GRAVY values obtained were 

198 generally positive and higher in ruminants than non- ruminants suggesting the proteins are more 

199 hydrophobic, which enhances oligomerization and higher binding capability to different proteins.

200

201 Characterization of functional motifs and prediction of signal peptides

202 The CD14 amino acid sequences of the 14 mammalian species in this study were individually 

203 scanned for matches against the InterPro and PROSITE collection of protein signature databases. 

204 We found one domain (Leucine-rich repeat (LRR), PS51450) with varying frequency across the 

205 14 species (Figure 3). Comparison of the predicted intra-domain features show one domain in 
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206 human, two each in gorilla, chimpanzee, monkey, horse and pig, three each in cattle, sheep, 

207 buffalo, yak, and mouse, with the highest number (4) found in rat. Figure 4 shows the multiple 

208 sequence alignment (MSA) of the homology of LRR domain across the 14 species, showing that 

209 leucine, aspartic acid, serine and asparagine are 100% conserved in this region. The sequence 

210 logo built from the MSA of the domain is displayed in Figure 5 with the logo showing the 

211 relative frequencies of each conserved amino acid and their position in the LRR domain.  The 

212 domain homology reveals that there is significant conservation of most amino acids in this 

213 region.

214

215 Furthermore, we predicted the signal peptides, position and secretory pathway of the CD14 

216 amino acids of CD14 in the 14 species under consideration.  Our analysis shows that gorilla, 

217 human, monkey and chimpanzee share the same signal peptide (VSA-TT) at the same position 

218 (19 and 20), with high likelihood (Table 4). Cattle, yak, sheep and buffalo also share the same 

219 signal peptide (VSA-DT) and position (20 and 21) although sheep has a different position (19 

220 and 20). We observed a significant variation for the rest of the species in terms of signal peptides 

221 and their positions (Table 4).  Interestingly, signal peptide for all the species (Figure 6a) except 

222 sheep (Figure 6b) share the same subcellular localization in the neural networks.

223

224 Mutational analysis of predicted variation

225 A total of 10 variants were selected from the predicted mutations by SIFT and the effects were 

226 tested as deleterious or not in the 14 species with PROVEAN and PANTHER. Our analysis 

227 showed that 4 of these variants (D28V, W45H, G62E, L70D) were validated mutations with 

228 deleterious effect on all species with 2 others found in few species. These variants cluster in the 
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229 C-terminus region of CD14 protein between 20 to 100 amino acids. A closer look suggests that 

230 mutational effect on the CD14 protein sequence varied from C-terminus to N-terminus with less 

231 mutational effect towards the N-terminus (Table 5). The deleterious mutations observed in our 

232 study were all at the C-terminus region thus identifying it as a mutational hotspot while Q100G, 

233 V301M, L318I, G335T, L357H and G370K mutation spots were neutral for most species. This 

234 might mean that CD14 is less conserved in this region because of evolutionary divergence of all 

235 species. However, L-H at position 357 showed a deleterious effect in cattle, yak, pig, gorilla, 

236 human, monkey, buffalo and chimpanzee, while there is also a deleterious effect of G-K at 

237 position 370 of CD14 in rat.

238

239 Protein-protein interaction cluster with CD14 gene in different species

240 In order to deduce protein-protein interactions (PPI) that evolved through speciation due to co-

241 localization, additive genetic interaction, co-expression or repression and physical association 

242 with CD14 in the mammalian species under study, we used STRING to build the protein network 

243 based on collection of laboratory experimental results from the database (Figure 7) and segment 

244 the gene pool base on our phylogenetic result to build Venn diagrams for each species cluster 

245 (Figure 8a, b, c). We could not find any protein network for horse and so was excluded in the 

246 analysis. Our result shows that there is significant variation in the CD14 protein interactome 

247 across the species (Figure 7). Generally, we found that there were different proteins that 

248 clustered with CD14 in all the species. All species had 10 proteins in their cluster except cattle 

249 and goat that had eleven. Looking at the Venn diagram, rabbit had the highest CD14 PPI that is 

250 not shared with others while 3 protein set (CD14, TLR2 and TLR4) is common to members of 

251 this group (Figure 8a). Figure 8b shows the ruminant group, including goat, sheep and yak had 
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252 no unique gene set, meaning the PPI is duplicated in one or two other members of the group. 

253 However, cattle has 8 unique PPI while buffalo has 4 that were not shared with others. CD14 and 

254 TLR2 are common to all in this group. Likewise, there were 8 unique PPI in human, 6 in gorilla 

255 and none found in monkey and chimpanzee (Figure 8c). 

256

257 Discussion

258 Comparative analysis of CD14 protein in this study enhances our understanding of genome 

259 plasticity among 14 mammalian species and establishes functional, molecular and structural 

260 relationships in different clades which are important in an evolutionary trace. The significant 

261 variability in the multiple sequence alignment of CD14 molecule across the species suggests a 

262 high evolutionary divergence especially between the ruminant and non-ruminant group. This 

263 implies that CD14 amino acid (aa) sequence undergoes significant changes during speciation 

264 leading to functional and structural modification in different species. Studies have shown that 

265 variation in aa sequences could impact immunogenicity, immunotolerance and immunoreactivity 

266 (Tauber, 2004, Kanduc, 2012; Bendl et al., 2014). However, we found that aa residues like 

267 leucine (L), glutamic acid (E), lysine (K), valine (V), aspartic acid (D), glycine (G), serine (S) 

268 and asparagine (N) are highly conserved, thereby retaining some degree of homology in 

269 functional, molecular and structural characteristics. In addition, this reveals the common origin 

270 between the mammalian species before divergent speciation. Based on the percentage identity 

271 and similarity, monkey, gorilla and chimpanzee are closer to human in their CD14 aa sequence, 

272 suggesting a lower degree of variation and this may infer some sort of similar CD14 expression 

273 during disease condition.

274  
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275 We also observed that the molecular weight, isoelectric point (Ip), instability index and net 

276 charge of CD14 protein for this group of mammals are similar, suggesting a key biochemical and 

277 immunological function is retained in these species during evolution (Saha et al., 2013; Ajayi et 

278 al., 2018). Of interest, the CD14 sequence in cattle and buffalo were much more than yak, 

279 despite their common origin potentially implying that domestication has not affected key 

280 biological functions in cattle, and the possibility that buffalo can also be domesticated without 

281 loss of function. Furthermore, a higher aliphatic index, net negative charge and GRAVY as 

282 shown in the physico-chemical properties of CD14 protein in mouse and rat gives an indication 

283 of high concentration of alanine, valine, isoleucine and leucine, reported to influence 

284 transcription factors, providing higher tolerance against bacterial and viral infections. This is 

285 thought to be an important evolutionary adaptation for these small animals to survive bouts of 

286 exposure to diseases in their environment, and may explain the basis for these organisms at times 

287 serving as reservoir hosts for many disease pathogens in humans. The general negative net 

288 charge of CD14 protein as observed across the species indicates an increasing reactivity and help 

289 in its receptor binding mechanism. Therefore, the higher the net charge, the more is the reactivity 

290 of the protein.

291

292 Interestingly, our motif and signal peptide scan found just one domain and one signal peptide in 

293 the entire length of CD14 aa sequence. The number of leucine-rich repeat (LRR) domains vary 

294 from species to species. The conservation of LRR domain exists in different number among 

295 species. Species with similar number of LRR profile may likely have same immunological 

296 implications. This is again a significant signature of evolution. CD14 is a co-receptor that bind 

297 with LPS, therefore a higher leucine aa profile in the molecule may accelerate its binding 
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298 mechanism to receptor in a significant way because the protein plays a significant regulatory role 

299 in initiating proper innate immune response. Studies have shown that LRR domain is 

300 evolutionarily conserved in most of the innate immune related proteins in vertebrates, 

301 invertebrates and plants, providing the innate immune defense especially through the pathogen-

302 associated molecular patterns (PAMPs) (Aylwin and Ramnik 2011). Some reports also stated 

303 that there about 2345 leucine-rich repeats within the LRR domains, containing up to 30 residues. 

304 Classifying our mammalian species under study into ruminants versus non-ruminants, we 

305 observed that non-ruminants possess a lower number of LRR domain in their CD14 molecule 

306 (one domain in human, three in ruminants and four in rat). Notably, rat again possesses the 

307 highest number of LRR domains remarkably traceable to selection pressure across the species. 

308 Moreover, the aa sequence of this domain is highly conserved for all species under study, and are 

309 found towards the C-terminal region of CD14, justifying the fact that aa sequence variation that 

310 differentiate species are found close to the N-terminal region (Peters et al., 2018). 

311

312 Our study additionally reveals varying secretory signal peptides sites in the CD14 molecule 

313 across the species. Signal peptides have been identified as hydrophobic amino acids, recognized 

314 by the signal recognition particle (SRP) in the cytosol of eukaryotic cells. Secretory signal 

315 peptide is a class of signal peptide that allows the export of a protein from the cytosol into the 

316 secretory pathway. In this, we found that human, monkey, gorilla and chimpanzee all have the 

317 same signal peptide site and position. Cattle, yak, sheep and buffalo also share the same site and 

318 position whereas goat did not, confirming why goat is significantly distant to other ruminants in 

319 our phylogenetic construction. It is unclear if this is related to disease tolerance compared to 

320 other species. However, we noted in our predicted neural network that the subcellular 
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321 localization of CD14 protein goes from the extracellular through the intracellular and enters the 

322 secretory pathway for all the species, except sheep. In sheep, the subcellular localization begins 

323 from the nucleus through the mitochondrion, PTS signals and N-terminal sequences before it 

324 enters into the secretory pathway. This information may possess potential immunological 

325 consequences that will require further analysis and possibly an in-vitro validation.  

326

327 Of most importance, a higher proportion of the predicted mutations occupying the C-terminal 

328 region of CD14 show that they are closer to the active site and may have direct structural and 

329 functional effects on CD14 protein thereby causing harmful disease phenotype or susceptibility 

330 (Malm and Nilssen, 2008). Studies have shown that the leucine-rich repeats at the C-terminal 

331 region is required for responses to smooth lipopolysaccharide, whereas the variable region (290 3 

332 375) has been found to be necessary for response to bacterial lipopolysaccharide. Therefore, 

333 variation at this region might be traceable to varied exposure and responses to pathogens in the 

334 cause speciation. 

335

336 We observed a higher proportion of deleterious mutational spots in human, monkey, gorilla and 

337 chimpanzee occupying the same loci compared to ruminants and other species. This might 

338 suggest that the vital residue conservation at this region is due to selection pressure among these 

339 species and has been maintained over time possibly because of their role in evolution, resulting 

340 in similar biological and immunological function (Feder and Mitchell-Olds, 2003; De Donato et 

341 al., 2017; Peters at al., 2018). Therefore, a perturbation of the amino acid sequence at this region 

342 could affect the protein folding, ligand binding and other functions which might be lethal or 

343 regarded as disease-causing mutation in all mammals. Understanding the molecular variation in 
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344 the region could help solve the challenge of Mendelian disease phenotypes. We recommend an 

345 in vitro detailed study of this region in CD14 molecule to elucidate the molecular mechanism 

346 affecting functionality of this region. In all, 3 of these mutations have been characterized and 

347 verified in humans to cause disruption of active site and loss of protein activities.

348

349 Furthermore, we used the STRING database to annotate CD14 protein network with other 

350 protein molecules that may have evolved together during speciation. Significantly, we found that 

351 CD14 molecule selectively interact with other proteins from species to species. For example, in 

352 cattle, CD14 molecule interacts with 8 other proteins, which are not shared with goat, sheep and 

353 yak. In a similar vein, buffalo has 4 unique sets of protein that co-express with CD14 protein. 

354 Human and gorilla in their group has 8 and 6 genes respectively that uniquely interact with CD14 

355 protein, which are not found in monkey and chimpanzee. These protein interactions are possibly 

356 due to the specific molecular or biochemical changes that occur in CD14 protein during selection 

357 pressure in different species. This interactome is important to note in order to understand the 

358 molecular and biochemical cascade that is shaped by evolution, which is useful for species drug 

359 target design and therapeutic treatment of many diseases. Several studies have shown that 

360 molecular association between chains of different protein molecules is geared by the electrostatic 

361 force like hydrophobic effects which define specific bimolecular interaction in different 

362 organism (Arkin et al., 2014; De Las and Fontanillo, 2010; Chen et al., 2013). The modulation of 

363 this interaction may be useful as putative therapeutic targets for disease treatment in many 

364 species. Ivanov et al (2013) have used the interaction of Tirobifan with glycoprotein IIb/IIIa as 

365 an inhibitor for cardiovascular drug discovery, likewise the interaction of Maraviroc and CCR5-

366 gp120 for anti-HIV drug.
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367  

368 As shown earlier, there are variations in the number of the LRR domain among these species, 

369 possibly the lesser number of LRR domain in human is supplemented or accounted for by the 

370 functionality of other genes in the network (Thakur and Shankar, 2016). From our 

371 physicochemical properties, CD14 is classified as hydrophobic across the species due to higher 

372 proportion of LRR. The varying degree of LRR among these species is thought to affect the 

373 electrostatic force created by the hydrophobic effects of the protein. Some studies in mammals 

374 showed that diverse fungal, bacterial, viral and parasite components are sensed by the LRR 

375 domain of proteins like NOD-like receptors and Toll-like receptors. Likewise, about 34 leucine-

376 rich repeat proteins have been associated with diseases in human. Obviously, evolutionary events 

377 have shaped the protein-protein interaction of CD14 in different species, which is thought to be 

378 significant to varying degrees of disease susceptibility and pathogen selection.

379

380 Conclusion

381 We have used computational methods to gather information on CD14 protein in 14 mammals. 

382 Our in silico comparison of CD14 amino acid sequences among these species gave molecular 

383 evidence of evolutionary events that occurred during speciation, potentially of significance in 

384 modulating innate immune response to pathogenic challenges. Obviously, this gene has been 

385 subjected to selection pressure due to sufficient sequence variation we found from one species to 

386 another. We identified mutational hotspots with damaging effects in human and other species. In 

387 particular, the signal peptides located in these mutational hotspots is of importance in 

388 immunological studies. The variants identified in this study can be further subjected to validation 

389 through in vitro analysis. Since CD14 molecule is an essential molecule in initiating proper 
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390 immune response to pathogens and the precursor of a robust adaptive immune response, our 

391 study highlights the effect of mutations on protein structure and disease outcome, protein-protein 

392 interaction that is essential for drug design strategies and therapeutic manipulations to treat many 

393 diseases. Finally, these results contribute to our understanding the evolutionary mechanism that 

394 underlie species variation in response to complex disease traits.
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1Table 1: Percentage identity of the CD14 protein across the mammalian species
2

HUMAN 100
RAT 23.11 100

MOUSE 10.38 7.37 100

CATTLE 8.31 10.21 10.92 100

RABBIT 29.3 15.59 9.28 9.4 100

GOAT 6.7 9.94 9.56 87.39 10.21 100

MONKEY 95.19 23.11 10.65 8.57 29.03 6.97 100

GORILLA 99.2 23.11 10.38 8.31 29.03 6.7 95.46 100

SHEEP 20.75 12.39 7.92 8.89 19.4 8.35 21.29 21.02 100

HORSE 6.88 11.29 7.71 8.81 8.26 8.81 6.61 6.88 6.88 100

PIG 18.49 13.17 10.92 67.56 18.81 60.05 19.3 18.76 19.13 7.98 100

BUFFALO 8.04 9.94 10.65 96.51 9.4 86.05 8.31 8.04 8.89 8.53 66.75 100

CHIMP 98.93 23.11 10.92 8.57 29.03 6.97 95.19 99.2 21.02 6.88 19.03 8.31 100

YAK 8.26 8.6 9.01 42.09 8.33 37.53 8.26 8.26 9.43 7.98 21.44 41.01 8.53 100

HUMAN RAT MOUSE CATTLE RABBIT GOAT MONKEY GORILLA SHEEP HORSE PIG BUFFALO CHIMP YAK

3

4 Min=6.61; Max=99.2; Mean=23.2603296703297; Standard deviation = 26.568543593553
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1Table 2: Percentage similarity in the CD14 molecule across the mammalian species

2

Human 100

Rat 27.95 100

Mouse 14.48 13.38 100

Bovine 11.52 15.05 15.3 100

Rabbit 33.6 21.5 15.02% 13.44 100

Goat 9.91 15.05 13.66 89.27 14.24 100

Monkey 96.26 27.95 14.48 12.06 33.87 10.45 100

Gorilla 99.46 27.95 14.2 11.52 33.6 9.91 96.26 100

Sheep 26.41 16.98 13.93 10.78 25.33 10.78 26.95 26.41 100

Horse 13.22 17.07 13.77 13.77 14.04 13.49 12.94 13.22 11.84 100%

Pig 23.32 19.08 14.48 71.58 23.11 64.87 23.59 23.32 22.91 13.22 100

Buffalo 11.26 14.78 15.3 97.31 13.17 88.73 11.79 11.26 10.78 12.94 71.31 100

Chimpanzee 99.2 28.22 14.75 11.79 33.6 10.18 96 99.2 26.68 13.22 23.59 11.52 100

Yak 12 14.24 12.29 45.3 13.97 42.09 12.26 12 13.2 14.04 26.54 44.5 12.26 100

Human Rat Mouse Bovine Rabbit Goat Monkey Gorilla Sheep Horse Pig Buffalo Chimpanzee Yak

3Minimum: 9.91; Maximum: 100; Mean: 32.5818367346939; Standard deviation: 30.994144850177
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1 Table 3: Physico-chemical properties of the CD14 promoter region in selected mammalian species

Species Amino acids size Molecular weight 

(Da)

Isoelectric 

point

Instability 

index

Aliphatic 

index

Net charge GRAVY

Cattle 373 39666.79 5.37 41.70 102.06 -5 0.099

Mouse 366 39203.94 5.08 41.16 107.70 -9 0.051

Rabbit 372 39992.29 5.72 52.99 103.33 -5 0.041

Yak 381 40481.75 5.54 41.63 102.23 -4 0.082

Sheep 371 39368.43 5.50 40.27 101.54 -5 0.087

Goat 373 39930.28 8.47 35.07 99.71 +4 0.032

Pig 373 39724.01 5.82 46.83 103.40 -4 0.073

Horse 363 38450.27 6.19 33.47 103.06 -3 0.096

Gorilla 375 40005.15 6.10 42.27 102.80 -3 0.094

Human 375 40076.20 5.84 42.93 101.76 -5 0.083

Monkey 375 40127.19 5.69 45.10 102.80 -6 0.085

Buffalo 373 39756.09 5.84 41.49 101.80 -2 0.099

Chimpanzee 375 40135.34 5.92 43.44 104.61 -4 0.113
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1 Table 4: Prediction of signal peptides and properties of the CD14 molecule in mammalian species

2

3

4

Species Amino acids size Cleavage position Signal site Probability Likelihood Others

Bovine 373 20 and 21 VSA-DT 0.9750 0.9992 0.0008

Mouse 366 17 and 18 ASP-AP 0.4563 0.9991 0.0009

Rabbit 372 19 and 20 AST-DT 0.6574 0.9981 0.0019

Yak 381 20 and 21 VSA-DT 0.9752 0.9993 0.0007

Sheep 371 19 and 20 VSA-DT 0.9000 0.9453 0.0547

Goat 373 20 and 21 VTA-DK 0.9642 0.9991 0.0009

Pig 373 19 and 20 VSA-AT 0.7699 0.9989 0.0011

Horse 363 14 and 15 AAT-LE 0.2069 0.675 0.325

Gorilla 375 19 and 20 VSA-TT 0.9077 0.9991 0.0009

Human 375 19 and 20 VSA-TT 0.9142 0.9991 0.0009

Monkey 375 19 and 20 VSA-TT 0.9142 0.9991 0.0009

Buffalo 373 20 and 21 VSA-DT 0.9712 0.999 0.001

Chimpanzee 375 19 and 20 VSA-TT 0.9140 0.9991 0.0009

Rat 372 17 and 18 VHA-SP 0.8795 0.9998 0.0002
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1 Table 5 Prediction of amino acid mutation at the mutational hotspot of CD14 molecules in mammalian species

2 Prediction (cutoff= -2.5)

Species D28V W45H G62E L70D Q100G V301M L318I G335T L357H G370K

Cattle -3.289 -5.038 -2.998 -2.991 -2.095 -2.131 -1.385 -1.758 -2.634 -2.191

Mouse -3.437 -4.803 -3.408 -1.635 -2.754 -2.009 -1.408 -1.534 -2.437 -1.828

Rabbit -2.759 -4.293 -2.910 -4.007 -2.744 -1.969 -1.574 -0.544 -1.865 -2.451

Yak -3.229 -5.036 -3.081 -3.188 -2.233 -2.097 -1.385 -1.575 -2.668 -2.225

Sheep -3.559 -4.952 -4.072 -3.206 -2.312 -1.981 -1.246 -1.376 -2.335 -1.695

Goat -3.919 -4.906 -3.964 -3.390 -2.461 -2.046 -1.476 -0.631 -1.439 -1.601

Pig -3.712 -5.054 -3.702 -1.873 -2.329 -2.013 -1.637 -1.235 -2.902 -2.052

Horse -3.742 -4.914 -3.513 -3.524 -2.364 -1.896 -1.412 -0.983 -2.054 -2.067

Gorilla -3.822 -4.651 -3.216 -2.984 -2.554 -2.049 -1.446 -1.397 -3.050 -2.285

Human -3.679 -4.680 -3.008 -3.056 -2.756 -2.043 -1.445 -1.395 -3.229 -2.305

Monkey -3.563 -4.782 -3.238 -3.038 -2.758 -1.933 -1.444 -1.293 -3.089 -2.268

Buffalo -3.310 -5.083 -3.497 -3.130 -2.169 -2.064 -1.390 -1.427 -3.065 -2.213

Chimpanzee -3.472 -4.705 -3.154 -3.083 -2.591 -1.905 -1.378 -1.397 -3.088 -2.287

Rat -3.478 -4.725 -3.373 -1.058 -2.905 -2.038 -1.351 0.464 -2.497 -2.619
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Figure 1
Figure 1: Multiple sequence alignment of CD14 promoter regions between mammalian
species
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Figure 2
Figure 2: Phylogenetic tree of evolutionary relationships among taxa

The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree
with the sum of branch length = 1.48602764. The tree is drawn to scale, with branch lengths
in the same units as those of the evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the p-distance method and are in the units
of the number of amino acid diûerences per site. The analysis involved 14 amino acid
sequences. The coding data were translated assuming a standard genetic code table.
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Figure 3
Figure 3: Comparison of predicted intra-domain features of CD14 protein

This comparison shows showing leucine-rich repeat (PS51450), which provide additional
information about the structure and function of critical amino acids in 14 mammalian species
analyzed
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Figure 4
Figure 4: Conserved domain LRR patterns across mammalian species

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27668v1 | CC BY 4.0 Open Access | rec: 19 Apr 2019, publ: 19 Apr 2019



Figure 5
Figure 5: CD14 protein sequence logo displaying the most conserved domain and the
positions of amino acids

Sequence logo displaying the most conserved domain and the positions of amino acids
starting from the N-terminus on the left to C-terminus to the right. The relative frequency of
the amino acids is shown on the y-axis.
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Figure 6
Fig 6. Hierarchical tree-predicted subcellular localizations of CD14 protein using neural
network algorithm

6a: Hierarchical tree for all other mammalian species analyzed

6b: Hierarchical tree for sheep only
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Figure 7
Fig 7. The network view of predicted associations for group of proteins with CD14

The network nodes are proteins. The edges represent the predicted functional associations.The thickness of
the line indicate the degree of conûdence prediction for the interaction.

Red line: indicates the presence of fusion evidence

Green line: neighborhood evidence

Blue line: co-occurrence evidence

Purple line: experimental evidence

Yellow line: text mining evidence

Light blue line: database evidence

Black line: co-expression evidence
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Figure 8
Figure 8: Venn diagram showing the proportion of intersection and unique genes
depicting evolutionary diversity of CD14 molecule

8a: Comparison and visualization of protein interaction with CD14 molecule in pig, rabbit, mouse and rat

8b: Comparison and visualization of protein interaction with CD14 molecule in cattle, yak, sheep, goat and
buûalo

8c: Comparison and visualization of protein interaction with CD14 molecule in human, gorilla, chimpanzee
and monkey
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