HIV-1 Drug-Resistance Surveillance in Ghana

Table 1. List of primers used in HIV-1 genotypic drug-resistance testing.

Amplicon Primers

Target region

Protease 424

2,168 to 2,591

RT-PCR
Nested PCR

2,510 to 3,347

Reverse 838 RT-PCR

transcriptase

Nested PCR

Results

CRF02_AG is the Predominant HIV-1 Strain in Koforidua,
Ghana

During the study period, 101 HIV-l-infected patients were
enrolled in this study. As shown in Table 2, 90 cases were adults
(215 years old), including 39 newly diagnosed ART-naive cases
and 31 ART-experienced cases. The remaining 11 cases were
children (<15 years old), among which were 10 newly diagnosed
ART-naive cases while one child was ART-experienced (Table 3).
To understand the molecular epidemiology of HIV-1 infections in
Ghana, we analyzed the pol gene sequences in detail through the
construction of phylogenetic trees, similarity plotting, and boot-
scanning analyses. Among the 101 cases, 75 (74.3%) were
identified as HIV-1 subtypes and CRFs (Fig. 1A); 67 were
CRF02_AG (66.3%), 4 were sub-subtype A3 (4.0%), 2 were
CRF06_cpx (2.0%), and 2 were CRF09_cpx (2.0%). Thus, our
analyses clearly showed the predominance of HIV-1 CRF02_AG
in Koforidua.

Interestingly, the remaining 26 cases (25.7%) were identified as
HIV-1 URFs (Fig. 1B). The most prevalent chimeric pattern was
CRF02/A3 (n=11, 10.9%), followed by CRF02/CRF06 (n=5,
5.0%), CRF02/G (n=2, 2.0%), CRF02/CRF09 (n=2, 2.0%), and
6 other patterns (Fig. 1C). Of note, two interesting clusters were
found in the phylogenetic tree of URF isolates (Fig. 1B). Cluster
#1 with three isolates, 09GH.120495, 09GH.1765, and
09GH.KF47, shared the same mosaic pol gene comprising a large
PR and RT fragment of CRF02 and a short RT fragment of A3
(cluster #1, Fig. 1B). Cluster #2 with the other three isolates,
09GH.107421, 09GH.60390, and 09GH.KF43, shared the same
mosaic po/ gene comprising the PR fragment of A3 and two RT
fragments of CRF02 and A3 (cluster #2, Fig. 1B). Our data
suggest that the two URF clusters are candidates for a new CRF
spreading in this area of Ghana.

HIV-1 Drug-resistance Mutations are Highly Frequent
among ART-experienced Cases with Virological Failure
Status

Demographic and clinical characteristics of 31 ART-experi-
enced adult cases are shown in Table 2. All patients except one
(96.8%, 30/31) were treated with the first-line ART regimen of 2
NRTIs+NNRTI, and the remaining one (3.2%) with the second-
line ART regimen of 2 NRTIs+PI. Their median duration of ART
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Forward

Forward

Forward

DRPROS AGA CAG GYT AAT TTT TTA GGG A

DRPROTM AGA GCC AAC AGC CCC ACC AG

DRRTIL ATG ATA GGG GGA ATT GGA GGT TT

DRRT7L GAC CTA CAC CTG TCA ACATAATIG G

bp, base pairs; PCR, polymerase chain reaction; and RT-PCR, reverse transcription and polymerase chain reaction.
2Amplicon positions in the reference HIV-1 HXB2 sequence are represented.
doi:10.1371/journal.pone.0071972.1001

was 16.1 months (IQR, 6.8-30.3 months), and most cases
maintained their adherence at a “good” or “satisfactory” level
(80.6%, 25/31).

Among these ART-experienced adult cases, 22 cases (71.0%)
possessed one or more HIV-1 drug-resistance mutations (Table 4).
The most prevalent drug-resistance pattern was 2-class resistance
to NRTI and NNRTI (=13, 41.9%), followed by 1-class
resistance to NNRTI (n=8, 25.8%). Of note, 3-class resistance
was identified in one case (3.2%) treated with the second-line
regimen AZT+3TC+NFV. This case possessed HIV-1 RT
mutations M41L, V90I, A98G, M184V and T215Y, and the
major NFV-resistance mutation LIOM in PR. As shown in
Table 4, the most prevalent drug-resistance mutation among the
31 cases was M184V (n=12, 38.7%), followed by K103N (n=9,
29.0%), and T215Y/F (n=6, 19.4%). No drug-resistance muta-
tion was detected in the remaining 9 cases (29.0%, Table 4),
suggesting that acquisitions of drug resistance was not the primary
cause of their virological failure. The cases with and without
resistance did not differ significantly in their demographic
characteristics.

Furthermore, we analyzed the chronological order of acquiring
drug resistance to 3TC, NVP, EFV, AZT, and d4T. As shown in
Fig. 2A, no mutation was found in any patients, even with viremia,
who had received ART for £6.0 months (0%, 0/6). However,
MI184V mutation was detected in 37.5% (3/8) of patients with
6.1-12.0 months of ART, and the prevalence increased to 80.0%
(4/5) at = 36.1 months of ART (red bars in Fig. 2A and 2B). In the
case of NVP and EFV resistance, K103N, VI106A, V108I,
Y181C/L, G190A, P225H, and M230L mutations were detected
in more than half of patients after 6.0 months of ART (blue bars in
Fig. 2A and 2B). Importantly, the prevalence and accumulation of
thymidine analog-associated mutations (TAMs) appeared to be
higher with longer duration of ART; 16.7% (1/6) at 12.1-24.0
months to 100% (5/5) at =36.1 months of ART (green bars in
Fig. 2A and 2B).

Low HIV-1 Drug-resistance Transmission in ART-naive
Cases

The general demographics of the 59 adult ART-naive cases
were similar to those of the treated cases, however pVL was
significantly higher in the naive cases (P= 0.006) (Table 2). Among
the ART-naive cases, no transmitted HIV-1 drug-resistance
mutation was found (Table 4). However, polymorphisms at
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Table 2. Demographic and clinical characteristics of ART-experienced and -naive HIV-1-infected patients =15 years old (n=90).

Characteristic ART-experienced, n=31 ART-naive, n=59 P

Sex (%) Female 18 (58.1) 38 (64.4) 0.649

Risk factor for HIV infection (%) Heterosexual contact 31 (100.0) 57 (96.6) 0.543

HIV serology (%)° HIV-1 positive 29 (93.5) 59 (100.0) 0.116

CD4" T-cell count, cells/pl Median (IQR) 230 (87-376) 237 (86-426) 0.750

HIV-1 genotype (%) 18 (58.1) 422 0638

CRF06_cpx 13.2) 1(1.7)

URF 9 (29.0) 13 (22.0)

First line d4T+3TC+EFV 10 (32.3) -

AZTH+3TCHNV]

AZT+3TCHEFV 7 (22.6) -

Second line AZT+3TC+NFV 1(3.2) -

Adherence (%)° Good 17 (54.8) - -

Poor 6 (19.4) -

ART, antiretroviral therapy; AZT, zidovudine; CRF, circulating recombinant form; d4T, stavudine; EFV, efavirenz; IQR, interquartile range; NFV, nelfinavir; NVP, nevirapine;
3TC, lamivudine; and URF, unique recombinant form.

®HIV serology was determined using New LAV Blot | and 1l (Bio-Rad Laboratories, Marnes-la-Coquette, France).

bGood, 100% pills taken; Satisfactory, =95%, but <100% pills taken; Poor, <95% pills taken.

doi:10.1371/journal.pone.0071972.t002

NNRTI-resistance mutation loci, V90I, E138A, and V1061, were

found in 6 cases (10.2% in Table 4). Our data indicated that drug-
Table 3. Demographic and clinical characteristics of HIV-1- resistant HIV-1 transmission events are still low in Koforidua,
infected patients <15 years old (n=11)°. Ghana.

Eleven children infected with HIV-1 through mother-to-child
transmission were also analyzed in our study (Table 3). Their
Characteristic Value median age was 5.0 years (IQR, 1.5-8.0 years), and 10 of these
: “ cases were ART naive. The remaining case had been treated with
d4T+3TC+EFV for 9.6 months but had become viremic. In this
case, both 3TC-resistance (M184V) and EFV-resistance (V1081
and G190S) mutations were detected (Table 5). Importantly,
CD4" T-cell count, cells/ll Median (IQR) 747 (474-1152) among the 10 ART-naive children, a 1.5-year-old case had
KIO3N and G190S NNRTI-resistance mutations (Table 3),

o suggesting the importance of HIV-1 drug-resistance testing in
HIV-1 genotype (%) CRF02_AG 7 (63.6) infants. :

Sex (%) Female

ART (%) 10 (90.9) Discussion

Our results present a profile of the circulating subtypes and
prevalence of drug resistance for HIV-1 infections in Koforidua,

ART, antiretroviral therapy; CRF, circulating recombinant form; d4T, stavudine; N
EFV, efavirenz; IQR, interquartile range; 3TC, lamivudine; and URF, unique Ghana. The data clearly demonstrate the predominance of HIV-1

recombinant form. CRF02_AG (66.3%, n=67) in the region (Fig. 1A). Our results,

a . it i i i i - . . . .
All were HIV‘1 seropos‘mye alone, and their risk factor for infection was combined with three previous reports on the domination of
mother-to-child transmission.

2Only one case had been on treatment for 8.6 months, CRF02_AG in Ghana between 1994 and 2004 [5,6,16], indicate
doi:10.1371/journal.pone.0071972.t003 that CRF02_AG has stabilized and maintained its predominance
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Figure 1. Molecular epidemiology of HIV-1 infections in Koforidua, Ghana. HIV-1 subtypes of 101 isolates were determined through the
construction of phylogenetic trees, similarity plotting, and boot-scanning analyses. (A) Phylogenetic tree containing our 75 isolates classified into
known subtypes and CRFs. (B) Phylogenetic tree containing our 26 URF isolates identified with unknown mosaic patterns of the pol gene. Two
clusters of URF isolates are represented by #1 and #2. (C) Summary on the chimeric patterns of 26 URF isolates. The trees were constructed by the
neighbor-joining method. Bootstrap values were calculated from 1,000 analyses, and values greater than 70% are shown at tree nodes. Our isolates
are represented by colored circles, and subtype reference isolates are represented by their subtype and name. Scale bar represents nucleotide
substitutions per site. HIV-1 group O isolate, ANT70, was used as the outgroup. CRF, circulating recombinant form; PR, protease; RT, reverse
transcriptase; and URF, unique recombinant form.

doi:10.1371/journal.pone.0071972.g001

in the region for nearly 12 years. However, our study identified 26 data thus highlight the importance of HIV-1 URFs in under-
isolates (25.7%) as URTFs (Fig. 1B), indicating that active viral standing the dynamics of the HIV-1 epidemic in Ghana.

recombinations are ongoing in Ghana. Interestingly, a similar Regarding the situation of HIV-1 drug resistance in Ghana,
prevalence (25.1%) of HIV-1 URFs was reported from other cities most of the 31 patients on treatment with virological failure
in Ghana, Accra, Agomanya, and Atua [6]. Taken together, these (n=22, 71.0%) bad HIV-1 drug-resistance mutations, suggesting

Table 4. Frequency of HIV-1 drug-resistance mutations in ART-experienced and -naive adult patients (=15 years old) (n=90)%

Mutation ART-experienced, n=31 (%) ART-naive, n=59 (%)

NNRTI resistance 6(10.2)

NRTI, NNRTI, énd Pi resistance 1(3.2) 7 0 (0.0)

' 53 (89.8)

None

TAMs 8 (25.8)

D67N 3(97) 0 (0.0)

L210wW 13.2)

T215F

K219E

Vool 4 (6.8)

K103N

V106A

E138A

P225H

132

ART, antiretroviral therapy; NNRTI, non-nucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; Pl, protease inhibitor; and TAMs,
thymidine analog-associated mutations.

“HIV-1 drug-resistance mutations were detected according to the latest definition of the International AIDS Society-USA panel [10]. For ART-naive patients, transmitted
drug resistance was defined according to the latest definition of the WHO drug-resistance surveillance [11].

doi:10.1371/journal.pone.0071972.1004
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Figure 2. Prevalence of 3TC-, NVP-, EFV-, AZT-, and d4T-resistance mutations by duration of ART in 31 HIV-1-infected patients 215
years old. (A) Bar graph and (B) details of 17 patients identified with 3TC-, NVP-, EFV-, AZT-, and d4T-resistance mutations. HIV-1 drug-resistance
mutations were detected according to the latest definition of the International AIDS Society-USA panel [10]. Amino acid mutations responsible for
drug resistance are shown in bold and color coded with bar graph in A. *Major NFV-resistance mutation L90M was found in the protease in the case
of KF307. ART, antiretroviral therapy; AZT, zidovudine; d4T, stavudine; EFV, efavirenz; NFV, nelfinavir; NVP, nevirapine; and 3TC, lamivudine.

doi:10.1371/journal.pone.0071972.g002

that drug-resistant HIV-1 is the major risk factor for virological
failure. Furthermore, nearly half of the cases (45.2%, 14/31) had
both NRTI- and NNRTI-resistance mutations (Table 4), a pattern
that is consistent with that observed in a recent systematic review
on treatment-failure cases in sub-Saharan Africa [17], where
M184V/1, K103N, and T215Y/F mutations predominate.
Regarding the timing of drug-resistance acquisition, our data
demonstrated that 3TC-, NVP-, and EFV-resistance mutations
were selected earlier (6.1-12.0 months) than AZT- and d4T-
resistance mutations (12.1-24.0 months). Importantly, the preva-
lence of TAMs increased from 16.7% (1/6) at 12.1-24.0 months
to 100% (5/5) at =36.1 months. As the accumulation of TAMs
confers cross-resistance not only to the first-line NRTIs (AZT,

PLOS ONE | www.plosone.org

d4T, and 3TC), but also to the second-line NRTIs (ABC, TDF,
and ddl) to some extent [18], their accumulation should be
avoided by conducting drug-resistance testing earlier and appro-
priately switching the regimen, once virological failure is
suspected.

As no transmitted HIV-1 drug-resistance mutation was found
among the 59 newly diagnosed treatment-naive adult cases, the
transmission of drug-resistant HIV-1 appeared to be a rare event
in Koforidua, Ghana. Comparing our data with that from other
African countries with a similar background, roll-out time of ART,
and coverage rate of ART (26.6% in Ghana) [2], the low
prevalence of transmitted HIV-1 drug resistance is not surprising
and understandable. However, we cannot exclude the possibility of
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Table 5. HIV-1 drug-resistance mutations in patients <15
years old (n=11)%,

ART n Amino acid mutations associated with

Naive 5 - -

2 Vool -

d4T+3TC+EFV 1 K101E, V1086l, V108l, G190S M184V

ART, antiretroviral therapy; d4T, stavudine; EFV, efavirenz; NNRTI, non-
nucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-
transcriptase inhibitor; and 3TC, lamivudine.

®HIV-1 drug-resistance mutations were detected according to the latest
definition of the International AIDS Society-USA panel [10]. For ART-naive
patients, transmitted drug-resistance (shown in bold and underlined) was
detected according to the latest definition of the WHO drug-resistance
surveillance [11].

doi:10.1371/journal.pone.0071972.t005

low levels of transmitted HIV-1 drug resistance in our 59 ART-
naive adult cases. The results of our study are limited by using
direct sequencing, which may not have been sensitive enough to
detect minority drug-resistant variants hidden among the wild-
type strains. Indeed, several studies have reported 2- to 3-fold
higher prevalence of drug-resistance transmission with ultra-deep
sequencing than with direct sequencing [19,20], which can detect
1% minority populations [21]. Furthermore, as ultra-deep
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sequencing can better detect the presence of dual or multiple
infections of HIV-1 subtypes compared with direct sequencing
[22,23], using such new technology may identify subtypes of 26
URFs.

Finally, an eventual increase of transmitted drug-resistance

cases is anticipated in Ghana as well. Thus, access to HIV-1
genotypic drug-resistance testing should ideally be expanded along
with the scale-up of ART programs. In addition, vertical
transmission of drug-resistant HIV-1 was found in one of 10
newly-diagnosed treatment-naive children, suggesting that ex-
panded access to HIV-1 genotypic drug-resistance testing is also
needed for programs to prevent mother-to-child transmission in
Ghana.
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Viral load CD4 Category
Not detected Increased =  Success
Not detected Decreased ==  Moderate
Detected Decreased ==  Failure
(increased VL)

Detected Increased ==  Success

(decreased VL) Decreased ==  Moderate

3 ARTEHEO/=HIC3D2IR U AAFIY —DREREE

DALIARBBHT V-

Failure 30 (65.2 %)

<k Moderate 8 (17.4 %)
Failure 30 (12.8 %) Success 8 (17.4 %)
Moderate 43 (18.4 %) Total 46 (100 %)

Success 161 (68.8 %) VAIVRFERET I—T

Failure 0 ( 0%)
Total 234 (100 %)

Moderate 35 (18.6 %)

Success 153 (81.4%)

Total 187 (100 %)

%2 ARTFHEOHER
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Inducible expression

(7 4L A

Dual luciferase
assay

Latent HIV-1 provirus: NL4-3-luc

Constitutive expression

Nucleus

EFl1ca-Renilla luc
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CEZoN, FORERNL ex vivo EBETEK 7Oy A 0
AWODEERFET LI ENRESIN TV LT, B
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WEMERIc RS 2 e v BE LTV A,

2011 EEF TIZ, © b THIAEAR Jurkat & & & IZ/ES L
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12-myristate 13-acetate (PMA) Bz bo—n kL
THEIMER S LB 7Oy A W AFEEILDO A7) —=
TERAToTE. BAITRT L9112, LR IEAEREER
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BT, HIV-1 70 A )V A4 AaA A7 firefly
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ZF—T&5%, H—TEEREWOIRAZ)—ZVTT
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50% EtOH i x 5B L7z, 70 £ )V A ER TS5BS
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3, H—FEMPOEF o LBk 7oy
ANVADERZFETLFEEVHAHZ L x ML, RIFE
BREEFERZFIRECEIIRS TR T3,
Z OISR F NF-kappaB % Z < — @M &L
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FAIEHE A M A A V3L EF N, NF-kappaB O 0
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JERCALAIAL S T @ NF-kappaB I 0EIEF R R T
L7200V E—-y — il E e L, R 7OV &
LTZoLR-5 —flgx ity (EESm) L T
REBELILE L2 25, BREEET VB TCO 7O
TA VARV K- Y —BIETFORERFEIFHROTH - 72
7%, NF-kappaB KGFHI LR — ¥ — BT ORHEFE T —
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5 LTR 275 mRNA HEREDBE 5B ZiT T H 72
WEEZ LN, Tat OMEAERIRGIERT AL NEE
PRSIz,

REBHEIL L o TH—F EN CREUTRE 2B D 5 &
PIEXT RICAE N L WEP R SNBENIE 7Y 235
EhhE, SHOFRITRERERICFSTE500 L 8T
LTwh,

51 ACER

1) AELER  HELIFOREO.L-T—FEHRZERE
DOTE . KELERHFERERLSEERE SR,
= HRFLEDRI (1983)

2) HIV Sentinel Survey Report 2011. National AIDS/
STI Control Programme, Ghana Health Service, Min-
istry of Health (2011)
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Two Research Projects on Infectious Diseases conducted in Noguchi
Memorial Institute for Medical Research, University of Ghana by
Tokyo Medical and Dental University

Eiji IDO and Shoji YAMAOKA

Tokyo Medical and Dental University, Graduate School of Medical and Dental Sciences
1-5-45 Yushima, Bunkyo-ku, Tokyo 113-8519, JAPAN

Ghana-Tokyo Medical and Dental University Research Collaboration Center has been
established since 2008 when our Program was chosen together with the Program in the Philippines
proposed by Tohoku University as an additional small-scale research center of the Overseas Research
Program on Emerging and Reemerging Diseases that is funded by the Ministry of Education, Culture,
Sports, Science and Technology of the Japanese Government and started in 2005. This 5-year
government-supported Program has changed its name to develop into a more active world-level
program called Japan Initiative for Global Research Network on Infectious Diseases (J-GRID) and
entered the second 5-year phase in 2010, and our Program is playing an important role among other
research centers located in Asia and Africa. Currently, two research projects are carried out in
parallel in Noguchi Memorial Institute for Medical Research by Tokyo Medical and Dental University:
one is a J-GRID project and the other is the one of Science and Technology Research Partnership for
Sustainable Development (SATREPS) which is a joint project between Japan International
Cooperation Agency (JICA) and Japan Science and Technology Agency (JST). This special article is
describing what these two projects are all about.
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Alarin is an alternative-splicing form of GALP (galanin-like peptide). It shares only 5 conserved amino
acids at the N-terminal region with GALP which is involved in a diverse range of normal brain functions.
This study seeks to investigate whether alarin has additional functions due to its differences from GALP.
Here, we have shown using a radial diffusion assay that alarin but not GALP inhibited the growth of

Keywords: Escherichia coli (strain ML-35). The conserved N-terminal region, however, remained essential for the
2’1‘“{ antimicrobial activity of alarin as truncated peptides showed reduced killing effect. Moreover, alarin
Ui;;““ inhibited the growth of E. coli in a similar potency as human cathelicidin LL-37, a well-studied antimicro-

bial peptide. Electron microscopy further showed that alarin induced bacterial membrane blebbing but
unlike LL-37, it did not cause hemolysis of erythrocytes. In addition, alarin is only active against the
gram-negative bacteria, E. coli but not the gram-positive bacteria, Staphylococcus aureus. Thus, these data
suggest that alarin has potentials as an antimicrobial and should be considered for the development in
human therapeutics.

Antimicrobial peptide
Escherichia coli
Staphylococcus aureus
Hemolysis
Membrane blebbing

© 2013 Elsevier Inc. All rights reserved.

1. Introduction The galarin family of neuropeptides consists of galanin, a gala-
nin-like peptide (GALP) and a newer member called alarin. Human
galanin consists of 30 amino acids and is encoded by the GAL gene.

GALP consists of 60 amino acids and it can activate galanin recep-

In recent years, research in the field of novel antimicrobial pep-
tides has intensified due to the need for newer effective antibiotics

to overcome resistance issues of conventional antibiotics. Antimi-
crobial peptides, isolated from various bacteria, fungi, plants,
invertebrates and vertebrates are important components of natural
defenses of most living organisms [1]. These molecules have the
added advantages of being very small in size, amphipathic and pos-
itively charged which allow them to bind and disrupt microbial
membranes [2]. Some effective antimicrobial peptides reported
thus far include human LL37 which is active against Staphylococcus
aureus [3,4] and Escherichia coli [5] and B-defensins against Entero-
coccus faecalis and Helicobacter pylori [6-9].

Abbreviations: GALP, galanin-like peptide; E. coli, Escherichia coli; S. aureus,
Staphylococcus aureus.
* Corresponding author. Fax: +81 95 819 7805.
E-mail address: a-wada@nagasaki-u.ac.jp (A. Wada).
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tors (GalRs) because residues 9-21 of GALP are identical to the first
13 amino acids of galanin [10]. Alarin consists of 25 amino acids
and is derived from an alternative-splicing of the GALP gene that
excludes exon 3. Its precursor consists of the signal sequence of
the prepro-GALP, the first 5 amino acids of the mature GALP pep-
tide and another 20 amino acids that are not identical to any other
peptides. Unlike galanin and GALP, alarin does not bind to GalRs
[11,12).

Galanin and GALP mRNAs are widely distributed in CNS as well
as in the periphery in GIT, heart, dermis, epidermis, nerves, bone
and joint tissues [13]. Alarin mRNA was first detected in ganglionic
cells of neuroblastonic tumors [11] and it has a much wider CNS
distribution than GALP [14]. It can also be found localized around
blood vessels in the skin [11]. Galanin and GALP are involved in a
diverse range of normal brain functions such as feeding and
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metabolism, osmotic regulation and water intake, nociception,
neuronal injury, survival, regeneration, and neuroprotection, learn-
ing and memory and anxiety-related behaviors [13]. Like galanin
and GALP, alarin is involved in feeding behavior [12,15,16], food in-
take and reproductive hormone secretion [12,16,17]. It also has
vasoactive and anti-inflammatory activities [15]. The relationship
between alarin and GALP is evolutionally and functionally
interesting. Alarin shares only 5 conserved amino acids (APAHR)
of the N-terminal region with GALP, while all other residues of
the C-terminal region are very different. Hence, it is interesting
to uncover other novel and specific functions of alarin arising from
the differences in amino acid sequence from GALP. This paper
investigates the antimicrobial activity of alarin and GALP against
E. coli and S. aureus.

2. Materials and methods
2.1. Materials

Human LL-37, human GALP (galanin-like peptide), and human
alarin were purchased from the Peptide Institute, Inc (Japan). Trun-
cated peptides of human alarin [alarin(6-25), alarin(11-25) and
alarin(16-25)] were synthesized and purified by IBL co. (Japan).
Trypto-Soya Broth was purchased from Nissui (Japan).

2.2. Radial diffusion assay

The antibacterial activities of human LL-37, human GALP (gala-
nin-like peptide), human alarin, and its truncated peptides were all
evaluated by radial diffusion assay [18,19], a modification of the
sensitive assay for antimicrobial peptides described by Lehrer
and colleagues [20,21]. Briefly, to obtain bacteria growth in the
mid-logarithmic-phase, an overnight bacterial culture was diluted
1:1000 in Tryptic soy broth (TSB) and was incubated at 37 °C until
the optical density of the aliquot reached an absorbance value of
0.4 measured at 620 nm wavelength. The bacteria suspension
was centrifuged at 900g for 10 min at 4 °C, washed once with
ice-cold 10 mM sodium phosphate buffer (SPB; pH 7.4), and was
re-suspended in ice-cold SPB. Based on previously prepared stan-
dards of the optical density at 620 nm wavelength, a volume con-
taining 1 x 10° bacterial CFU was added to 10 ml of previously
autoclaved 10 mM SPB containing 3.0 mg of TSB medium, 1%
low-electroendosmosis-type agarose (Sigma), and 0.02% Tween 20.

After rapid dispersion of the bacteria, the agar was poured into
an agar plate to form a uniform layer of approximately 2 mm deep
and was punched with a 3-mm-diameter gel punch to make evenly
spaced wells. Following the addition of 5 pl of antimicrobial agents
to each well, the plates were incubated for 3 h at 37 °C and were
then overlaid with 10 ml of sterile agar consisting of 6% TSB (dou-
ble-strength solution) and 1% agarose. Antibacterial activity is
identified as a clear zone around the well following incubation
for 18-24 h at 37 °C and is measured as the difference in the diam-
eters of the clear zone around the wells containing the antimicro-
bial peptides and buffer control (3 mm). These experiments were
repeated four times.

2.3. Electron microscopy

The effect of LL-37 and alarin on the morphology of E. coli was
evaluated by scanning electron microscopy. Briefly, the bacteria
were treated for 2 h with 20 uM LL-37 or alarin on a MAS coated
slide glass (Matsunami co., Japan), air-dried and then fixed with
2.5% glutaraldehyde in 0.15 M cacodylate buffer (pH 7.4). Speci-
mens were further fixed in 1% osmium tetroxide and dehydrated
through a graded ethanol series (50%, 70%, 80%, 95%, and 100%)

and isopentyl acetate. The dehydrated specimens were then
mounted on steel stubs, sputter-coated with a mixture of gold/pal-
ladium (Joel JFC-1100), and imaged using a Jeol ]SM-840A electron
microscope (Jeol, Japan) at 8 kV.

2.4. Hemolysis

Horse blood was purchased from Nihon Bio-Test co. (Japan).
Horse blood erythrocytes were rinsed three times in phosphate
buffer saline (PBS) by centrifugation at 1000g for 10 min and then
re-suspended in 8% (vol/vol) PBS. Next, a 50 pl erythrocyte suspen-
sion was mixed with 50 pl LL-37, alarin, or GALP and incubated for
1 h at 37 °C. Tween 20 at 2% served as a positive control. The re-
lease of hemoglobin was monitored by measuring the absorbance
of the supernatant at 540 nm wavelength and this is expressed
as a percentage of the value of Tween 20-induced hemolysis.

2.5. Statistical analysis

Statistical analysis was performed using one-way analysis of
variance (ANOVA), with Dunnett’s Multiple Comparison Test to
identify between-group differences using the GraphPad Prism soft-
ware (version 5.0; GraphPad Seftware Inc., San Diego, CA), with p
values < 0.05 considered as significant. Statistical significance is
expressed as *p < 0.05 from data (n=4).

3. Results

The antimicrobial activity of alarin (200 pmol) was compared to
its alternative splicing form, GALP and a well-studied antimicrobial
peptide human cathelicidin, LL-37. Alarin inhibited the growth of
E. coli (ML-35), with an increase of ~3.5mm in the clear zone
diameter in comparison to the buffer control (Fig. 1A and B). This
inhibitory activity of alarin was also comparable to LL-37 at
200 pmol where its clear zone diameter had an increase of 4 mm
when compared to the PBS buffer control (Fig. 1A and B). Its alter-
native-splicing form, GALP, however, did not show any antimicro-
bial activity against E. coli where the clear zone diameter remained
the same as that of the buffer control (Fig. 1A and B). To examine
further the dose-response of the antimicrobial activity of alarin;
25, 50, 100 and 200 pmol alarin were used for a radial diffusion as-
say. Alarin showed significant dose-dependent increases in antimi-
crobial activity against the gram-negative bacteria, E. coli (Fig. 1C).
However, a dose up to 200 pmol alarin did not show any antimi-
crobial activity against the gram-positive bacteria, S. aureus
(Fig. 1D). LL-37 in micromolar concentrations have been reported
to induce bacterial membrane blebbing, leading to a leaky mem-
brane and cell death in Burkholderia pseudomallei and Burkholderia
thailandensis [22,23]. Using electron microscopy, we showed that
20 pM LL-37 induced extensive membrane blebbing on E. coli
(Fig. 2B) compared to the buffer control (Fig. 2A). Membrane bleb-
bing was also observed on E. coli incubated with alarin at 20 pM
but is less extensive than those caused by LL-37 (Fig. 2C).

To explore the role of the N-terminal region of alarin, antimicro-
bial activity of truncated peptides of alarin, alarin (6-25), alarin
(11-25), and alarin (16-25) were examined by a radial diffusion
assay (Fig. 3). Alarin (6-25) and alarin (11-25) showed weak anti-
microbial activity, while the antimicrobial activity of alarin (16—
25) was completely abolished (Fig. 3). These results suggest that
both the C-terminal and N-terminal regions of alarin are essential
for its strongest killing effect.

It was reported that LL-37 has hemolytic activity on erythro-
cytes [22]. To determine the hemolytic activity of alarin and GALP,
10 uM of each peptide were incubated with horse erythrocytes for
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Fig. 1. Antimicrobial activities of LL-37, alarin and GALP against E. coli ATCC43827 (ML-35) and S. aureus ATCC25923 by radial diffusion assay. (A) Bacterial culture plate used
for radial diffusion assay of LL-37, alarin and GALP. (B) Clear zone diameter (mm) depicting antimicrobial activity of LL-37, alarin and GALP at 200 pmol. (C) Dose-dependent
antimicrobial activities of alarin against E. coli ATCC43827 (ML-35) and (D) dose-dependent antimicrobial activities of alarin against S. aureus ATCC25923. Zone diameter
(mm) represents the antimicrobial activity of various concentrations of alarin relative to buffer control. An increase in the zone size caused by alarin is obtained by
subtracting the diameter of the buffer control well (3 mm). Statistical significance is expressed as "p < 0.05 (one-way ANOVA with Dunnett’s Multiple Comparison Test) versus

buffer control. Each bar represents the mean + SD of data (n = 4).

(A) Phosphate buffer (B) LL-37

(C) Alarin

Fig. 2. Electron micrographs of E. coli ATCC43827 (ML-35) cells. (A) E. coli incubated with phosphate buffer showed normal surface of membrane; bacteria incubated with (B)
20 uM LL-37 and (C) 20 pM alarin showed blebs (black arrows) on the membranes. Scale bar, 1 pM.

1 hat 37 °C. LL-37 showed hemolytic activity to horse erythrocytes
but not to alarin and GALP (Fig. 4).

4. Discussion

Alarin is differentiated from its alternative splicing form, gala-
nin-like peptide {(GALP) at the C-terminal region. Although alarin
shares some similar functions with GALP, it is unknown if alarin
has other more specific roles. Antimicrobial peptides are character-
ized as amphiphilic molecules and consist of basic amino acids.

Because the C-terminal region of alarin contains some basic amino
acids such as Arg and Lys, we postulated that alarin may have anti-
microbial activity.

Results from the present study showed that alarin has antimi-
crobial activity but unlike the human cathelicidin, LL-37 which
has a broader spectrum of antimicrobial activity, the antimicrobial
activity of alarin is limited to the gram-negative bacteria, E. coli.
This is not surprising as different susceptibilities of bacterial spe-
cies against a particular peptide have been observed and this can
be attributed to various reasons such as bacterial cell surface
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Fig. 3. Antimicrobial activities of alarin and its truncated peptides against E. coli
ATCC43827 (ML-35) by radial diffusion assay. Clear zone diameter (mm) depicting
antimicrobial activity of alarin and its truncated peptides at 200 pmol (upper panel)
and amino acid sequences of the truncated peptides (lower panel). Conserved
sequences of alarin and GALP are underlined.
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Fig. 4. Hemolytic activity of LL-37, alarin and GALP. Horse erythrocytes were
incubated with each peptide (10 pM) for 1 h at 37 °C. Hemolytic activity is a
measurement of the percentage of Tween 20-induced hemolysis. LL-37 showed
hemolytic activity against horse erythrocytes but not alarin and GALP.

charge [24], genetic diversity [25], host ionic conditions [26] and
peptide-to-lipid ratios [27]. The antimicrobial activity of alarin,
however, is specific as alarin exhibited dose-dependent inhibition
of the growth of E. coli and demonstrated potency equal to that
of LL-37. We further showed by electron microscopy that alarin
is capable of causing bacterial membrane blebbing, suggesting that
membrane disruption could be one of its killing mechanisms. An
effective antimicrobial peptide should be cytolytic and cell-pene~
trating but not hemolytic [28]. In general, hydrophobic interactions

with eukaryotic cell membranes increase hemolytic activity [29].
Our results showed that alarin does not induce hemolysis of eryth-
rocytes, suggesting that its hydrophobic interactions with the
erythrocyte membranes are minimal. Hence, alarin can fulfill the
desirable features of an effective antimicrobial peptide.

More interestingly, GALP, an alternative splicing form of alarin
demonstrated no antimicrobial activity. However, deletion of the
conserved amino acid sequence (APAHR) at the N-terminal region
of alarin reduced its antimicrobial activity suggesting that APAHR
remain essential for its antimicrobial activity. The C-terminal origi-
nal sequence of alarin (6-25), which contains some basic amino
acids are important for the antimicrobial activity of alarin as suc-
cessive deletions reduced and eventually abrogated the antimicro-
bial activity of alarin. These results, hence, suggest that even
though the C-terminal region of alarin confers its antimicrobial
activity, the conserved N-terminal of alarin and GALP remains cru-
cial for its maximum antimicrobial activity.

LL-37, defensins and histatins are some of the well-studied anti-
microbial peptides which contain 37, 29-42 and ~32 amino acids,
respectively [30]. With the discovery of its antimicrobial activity,
alarin with a length of 25 amino acids is now one of the shortest
antimicrobial peptides known. Results from this report show that
alarin has antimicrobial potentials and should be considered for
the development as a human therapeutic.
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The Mbita Health and Demographic Surveillance System (Mbita
HDSS), located on the shores of Lake Victoria in Kenya, was estab-
lished in 2006. The main objective of the HDSS is to provide a
platform for population-based research on relationships between
diseases and socio-economic and environmental factors, and for
the evaluation of disease control interventions.

The Mbita HDSS had a population of approximately 54 014 inhabit-
ants from 11 576 households in June 2013. Regular data are collected
using personal digital assistants (PDAs) every 3 months, which in-
cludes births, pregnancies, migration events and deaths. Coordinates
are taken using geographical positioning system (GPS) units to map
all dwelling units during data collection. Cause of death is inferred
from verbal autopsy questionnaires. In addition, other health-related
data such as vaccination status, socio-economic status, water sources,
acute illness and bed net distribution are collected.

The HDSS has also provided a platform for conducting various other
research activities such as entomology studies, research on neglected
tropical diseases, and environmental health projects which have bene-
fited the organization as well as the HDSS community residents. Data
collected are shared with the community members, health officials,
local administration and other relevant organizations. Opportunities
for collaboration and data sharing with the wider research community
are available and those interested should contact shimadam@
nagasaki-u.ac.jp or mhmdkarama@yahoo.com.

Why was the HDSS set up? institutions, and to strive for excellence in the follow-
The mission of the Institute of Tropical Medicine 1ng areas:

at Nagasaki University (also known as Nekken (i) spear-heading research in tropical medicine and
in abridged Japanese or NUITM in Kenya) is to international health;

overcome tropical diseases, particularly infectious (ii) global contribution through disease control and
diseases, and the various health problems health promotion in the tropics by applying the
associated with them, in cooperation with related fruits of the research;
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