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A B S T R A C T 

Therapeutic strategies based on optimization of the unique human LL37 cathelecin sequences including FK-

16, the core active sequence of LL37, have already been proposed. In this study we have characterized Tat-

IV13 a new host defense hybrid peptide, that combined YGRRKKRRQRRR, the hydrophobic N-terminal 

fragment of HIV-1 Tat47-57 cell penetrating sequence, with IV13, a short IVQRIKDFLRNLV inactive 

sequence resulting from the deletion of the three N-terminal amino acid residues of FK16. Tat- IV13 

displayed potent host defense inhibitory effects leading both to the survival inhibition of U87G cells, a 

glioblastoma model, and to the inhibition of the growth of S. agalactiae NEM316 ΔdltA strain, a Gram+ 

bacterial model. These results suggest that identification of hybrid specific Tat-cathelecidin peptides with 

high anti-tumor activity and anti-bactericidal activity may represent a powerful approach to identify new 

candidates for future therapeutic developments. 

 

© 2019 Alphonse Garcia. Hosting by Science Repository. All rights reserved.  

 

Introduction 

 

Cationic anti-microbial peptides (CAMPs) are important components of 

the innate immune response with anti-infective and immunomodulatory 

activities [1, 2]. In this regard, LL-37 the active form of an unique human 

cathelecidin gene is a cationic, amphipathic peptide of 4.5 kDa with an 

a-helical structure that results from a proteinase 3 mediated proteolytic 

cleavage of a 18-kDa precursor HCT18 protein [3, 4]. HCAP-18 is 

mainly stored in neutrophil-specific granules, and LL37 can be 

detectable in body fluids, including airway surface liquid, plasma, urine, 

breast milk and sweat [5]. LL-37 can exhibit a broad spectrum of 

antimicrobial activity against bacteria, fungi, and viral pathogens [3, 6]. 

Interestingly it has also been clearly established that both LL37 or its C-

terminal fragment LL17-32, also termed FK16, exhibited cytotoxicity 

against distinct tumor cells [7-11]. In addition, we have recently reported 

that specific cellular or virally encoded sequences can display LL37-like 

host defense properties such as inhibition of U87G cells glioblastoma 

survival and inhibition of the growth of S. agalactiae NEM316 ΔdltA 

strain, a Gram+ bacterial model [12, 13]. Furthermore, we also 

previously found that both FK16 alone or an hybrid bipartite peptide 

containing cell penetrating HIV-1 Tat47-57 and FK16 sequences display 

similar inhibitory effects against U87G cells glioblastoma and S. 

agalactiae NEM316 ΔdltA strain [13]. 

 

In this study using structural modeling and functional studies we have 

characterized host defense properties of Tat-IV13 a new potential potent 

anti-tumor and anti-bacterial hybrid bi-partite peptide containing 24 

amino acids (aa) residues combining the Tat penetrating and inactive 

IV13, a short inactive deleted FK16 sequence. 

 

Material and Methods 

 

I Cell and peptides 

 

We used human previously characterized Glioblastoma U87G [14] and 

NH2–biotinylated peptides (Proteogenix) prepared by solid-phase 

peptide synthesis, dissolved in DMSO and stored at -20°C pending use. 
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II Sequence analyses and molecular modeling 

 

Sequence alignment was based on FASTA programs and an algorithm 

based on helix-coil transition theory, AGADIR, was used to predict 

helical propensity [15] and previously used identify an amphipathic, 

helical region of LL-37 [16]. 

 

III Cytotoxicity assays 

 

As previously described [14] a total of 3,000 cells were incubated for 24 

hours with different concentrations of peptides and Cell cytotoxicity was 

analyzed by a colorimetric assay using 3-(4,5-dimethylthiazol-2-yl)-2, 

5-diphenyltetrazolium bromide (called MTT) for adherent cells as 

described by the manufacturer (Sigma). 

 

IVBacterial Strains and antibacterial susceptibility test 

 

S. Agalactiae mutant NEM 316 ΔdltA strain, that is characterized by a 

complete absence of D-alanine due to the insertional inactivation of dltA, 

were previously described [17]. The Minimum Inhibitory 

Concentrations (MICs) of each peptide were tested in Todd- Hewitt 

broth (THB) buffered with 50 mM HEPES in 96-well Costar 

polypropylene microplates (Costar, Cambridge, USA) by a dilution 

method. Bacteria (10^6 CFU) were added in triplicates to wells 

containing increasing concentrations of the antimicrobial peptides. 

Plates were incubated 24h at 37°C and then read (OD600 nm) using 

microplate reader (Synergy 2, Biotek) for bacterial growth. The MICs90 

was considered to be the peptide concentration that inhibited 90% 

growth. 

 

Results 

 

I Effect of FK16 cathelecidin mimetic cationic peptides on growth of 

S.Agalactiae NEM 316 ΔdltA strain and on survival of U87G 

glioblastoma cells 

 

We have first analyzed the effects of limited stepwise N-terminal 

deletions of FK16 on bacterial growth. As shown in Table 1, short N-

terminal deletions of one (F16 in KR15) or two (F16+ K15 in RI14) 

residues reduced the wtFK16 inhibitory effect. In addition, deletion of 

the three FKR residues in IV13 suppressed the growth inhibition 

mediated by wtFK16. Furthermore, using MTT analyses, we have also 

monitored the effect of FK16 deletions on survival of U87G cells. As 

shown in Fig.1 upper panel, KR15, RI14 and 1V13 clearly counteracted 

the previously characterized strong inhibition of U87G survival 

mediated by wt FK16 [12,13]. 

 

Table 1: Acronym, sequences (N terminus to C terminus) and Effect of FK16 deletions on bacterial growth 

Acronym Sequence Bacterial 

Inhibition*MIC90 

FK16 FKRIVQRIKDFLRNLV 6,25μM 

KR15 KRIVQRIKDFLRNLV 25μM 

RI14 RIVQRIKDFLRNLV 50μM 

IV13 IVQRIKDFLRNLV >100μM 

AA residues are expressed in one letter conventional code 

*The MIC (μM) of each peptide is an average of triplicate measurements performed by a dilution method in 96-well polypropylene microplate. The MICs90 

was considered to be the peptide concentration that inhibited growth of 90% of the tested strains. 

 

Table 2: Acronym, net charge, predictive index of helicity (% AGADIR) and bacterial inhibition. 

Acronym Net Charge Index of helicity 

(% AGADIR) 

Bacterial inhibition  

*MIC90 

FK16 4 1,9 6,25μM 

Tat-FK16 10 1,85 6,25μM 

IV13 2 0,89 >100μM 

Tat-IV13 10 1,85 3,125μM 

Tat-rev IV13 10 1,43 6,25μM 

For Net Charge calculation see. An algorithm based on helix-coil transition theory, AGADIR, was used to predict helical propensity [16]. 

*The MIC (μM) of each peptide is an average of triplicate measurements performed by a dilution method in 96-well polypropylene microplate. The MICs90 

was considered to be the peptide concentration that inhibited growth of 90% of the tested strains. 

 

We hypothesized that the penetrating cell penetrating sequence of HIV1 

Tat protein, the Tat47-57 sequence, combined with IV13 sequence may 

generate a biologically active bipartite peptide with FK16-like 

properties. To test this hypothesis, we synthesized hybrids Tat-IV13 and 

Tat-revIV13, the hybrid Tat peptide containing the reverse IV13 

sequence initially designed as a potential negative control of the IV13 

sequence. Furthermore, we comparatively analyzed the host defense 

properties of these peptides with FK16/Tat-FK16 (positive controls). 

Surprisingly, as shown in (Table 2) column 4, FK16, Tat-FK16 and Tat-

revIV13 inhibited the growth of S.Agalactiae NEM 316 ΔdltA strain with 

the same efficiency (MIC90=6,25μM), and surprisingly Tat-IV3 has a 

stronger anti-bacterial effect (MIC90=3,125μM). Interestingly, as shown 

in (Table 3), sequence alignment indicated that IV13 and revIV13 

display a strong similarity (84,6%). And, consistently with the presence 

of a common Tat sequence, TAT-IV13 and TAT-revIV13 displayed a 

higher score (91,7%). Furthermore, structural bioinformatic analysis 

using the prediction AGADIR algorithm, suggested that FK16, Tat-

FK16, Tat-IV3 and TatT-revIV3 are cationic peptide that displayed 
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similar helical propensity (Table 2 column3) [15, 16]. Finally, functional 

MTT analyses illustrated in (Figure 1) lower panel indicated Tat-IV13 is 

much efficient than FK16 and Tat-revIV13 to inhibit U87G survival 

(estimated IC50= 3μM)  

 

In conclusion these results indicated that Tat-revIV13 and FK16 

displayed similar anti-bacterial effects MIIC90= 6,25μM). In addition, 

the results also suggested that TAT-IV13, used at a concentration of 

3μM, is potential anti-tumor and anti-bacterial host defense peptide. 

Table 3: Acronym, sequence alignment and similarity of IV3 mimetic peptides. 

Acronym Sequence & alignment % similarity 

IV13 

 

revIV13 

IVQRIKDFLRNLV                     

 . .  .  : .    :    .  : .  .  . 

VLNRLFDKIRQVI  

 

84,6 

Tat-IV13 

 

Tat-revIV13  

YGRKKRRQRRRIVQRIKDFLRNLV                     

:  :  :  :  : :  : :  :  : : .  .  .  : .    :    .  : .  .  . 

YGRKKRRQRRRVLNRLFDKIRQVI 

 

91,7 

AA residues are expressed in one letter conventional code. Sequence alignment and residues similarity were performed using FASTA [18]. 

Identification of Tat-IV13, a new potent host defense mimetic peptide derived from anti-microbial human FK16 cathelecidin sequence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of FK16 mimetic peptides on viability of U87G 

glioblastoma cells. 

U87G cells were treated for 24 h with the different peptides and cell 

viability was assessed by MTT test (n=3). Upper panel: wildt type and 

N-Ter deleted FK16 sequences (0–25μM). Lower panel: hybrid cationic 

peptides containing Tat or FK16-derived sequences (0–25μM). 

 

Discussion 

 

Cathelicidin antimicrobial peptides such as human LL-37 and mouse 

mCRAMP are natural candidates antibiotics involved in innate immune 

defense [19]. Host defense strategies based on optimization of LL37 

sequences have already been proposed [20]. In addition, identification of 

Tat peptides with high bactericidal activity is a promising therapeutical 

approach and recent studies highlighted the interests of TAT-modified 

cationic peptide for future development of novel antibiotics [21]. In this 

study using bioinformatics, including sequence alignment and modeling, 

and functional analyses we have characterized host defense properties of 

Tat-IV13 a new potential potent anti-tumor and anti-bacterial hybrid bi-

partite peptide containing 24 amino acids (aa) residues combining Tat 

penetrating sequence with the short inactive FK16 deletion mutant 

named IV13. In addition, despite a high percentage of similarity with 

Tat-IV13, we also characterized Tat-revIV13 that displayed a similar 

and lower (MIC90=6,25μM). host defense properties with FK16 or Tat-

FK16.  

 

In conclusion, it is urgent to develop new antimicrobial strategies to 

counteract bacterial resistance to conventional antibiotics. In this regard 

we have identified TAT-IV13, a potential anti-tumor and anti-bacterial 

host defense peptide acting at micromolar concentrations (3μM). 

Future work involving viruses, microbes and parasites, will be necessary 

to establish potential anti-infective effects of this molecule. In fine our 

data suggest that the design of specific Tat-cathelecidin hybrid peptides 

may be a useful strategy to generate new host defense molecules. 
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