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An Antimicrobial Peptide Gene 

Found in the Male Reproductive 


System of Rats 

Peng li,'* Hsiao Chang Chan,'* Bin He,'*? Siu Cheung SO,^ 

Yiu Wa C h ~ n g , ~  Quan Shang,' You-Duan Zhang,' 
Yong-Lian Zhangl; 

Little is known about the innate defense mechanisms of the male reproductive 
tract. We cloned a 385-base pair complementary DNA and its genomic DNA 
named Binlb that is exclusively expressed in  the caput region of the rat 
epididymis and that is responsible for sperm maturation, storage, and protec- 
tion. Binl  b exhibits structural characteristics and antimicrobial activity similar 
t o  that of cationic antimicrobial peptides, 6-defensins. Binlb is maximally 
expressed when the rats are sexually mature and can be up-regulated by 
inflammation. Binl  b appears t o  be a natural epididymis-specific antimicrobial 
peptide that plays a role in  reproductive tract host defense and male fertility. 

Reproductive tract infections remain a 
global public health problem. However, the 
mechanisms that protect genitourinary or- 
gans from ascending infection by sexually 
transmitted microorganisms, especially 
along the male reproductive tract, are poor- 
ly understood. The epididymis is a male 
accessory sex organ that consists of a caput 
(head), corpus (body), and cauda (tail) and 
is responsible for sperm maturation, stor-
age, and protection (1). It may also act as a 
reservoir of sexually transmitted bacteria 
and viruses, including human immunodefi- 
ciency virus (HIV), as suggested by the 
fact that epididymitis occurs in 5 to 1096 of 
the sexually active population and can re- 
sult in 20 to 40% of infected males becom- 
ing infertile (2). The defensins are innate 
immune effectors comprising a family of 
cationic antimicrobial peptides divided into 
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two subfamilies, a-defensins and P-de-
fensins, differing in amino acid sequence, 
pairing of the six cysteines, and number of 
exons (3). Although defensins are ex-
pressed in a wide variety of tissues of 
different species of vertebrate and inverte- 
brate animals and have been implicated in 
phagocytic and epithelial host defense (3- 
6), none has been found in the epididymis 
and their role in the male reproductive tract 
has not been elucidated. 

Using differential display analysis of 
mRNAs ( 7 ) , we cloned a cDNA fragment 
named Binlb from the rat epididymis. With 
two 5' rapid amplification of cDNA ends 
(5'-RACE) approaches ( 8 ) , the cap site of 
Binlb was identified and its full-length 
cDNA was 385 base pairs (bp) (excluding 
the polyadenylate tail), with an open read- 
ing frame of 204-bp nucleotides, encoding 
a 68-amino acid protein (including a 16- 
amino acid signal peptide) (9). This amino 
acid sequence has 20.3% (14168) identity 
with several P-defensins such as bovine 
neutrophil beta-defensin-9, -3, and -7 found 
in the cattle (9). P-defensins generally have 
a 60- to 90-amino acid (including a signal 
peptide) protein precursor, which is digest- 
ed by endogenous protease into mature 
functional peptides of 38 to 42 amino acids. 
Although sequence similarity between 
Binlb and the 6-defensins appears unim- 
pressive, both the size and structure of 
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Binlb coincide with the consensus structur- 
al characteristics of the P-defensin family 
(10) such that the six cysteine residues are 
invariantly spaced to form three disulphide 
bonds and the mature peptide has a net 
positive charge of +7  (9). Furthermore, its 
cloned and sequenced genomic DNA also 
exhibited two exons separated by a 1.3-kb 
intron (9). This type of organization is sim- 
ilar to that of other 6-defensins reported 
(10) .  

Unlike other members of P-defensin fam- 
ily, which have been shown to be expressed 
in a wide array of epithelial tissues, Bin-lb is 
unique in being epididymis-specific. Of 18 
organ tissues examined by Northern blot 
analysis, Binlb mRNA was only found in the 
epididymis (Fig. 1A) and was confined to 
epithelial cells in the middle part of the caput 
region (Fig. lB), as shown by in situ hybrid- 
ization (Fig. 1, C to E). Monitoring Binlb 
expression throughout the life-span of rats 
indicated that it was developmentally regu- 
lated (Fig. IF). Its expression started at 30 
days of age, reached a maximum during the 
sexually mature period, and then decreased in 
old rats. Such a region- and development- 
specific expression pattern of Binlb suggests 
its importance in epididymis function and 
fertility. 

The antimicrobial activity of Binlb was 
tested with primary cultures of polarized 
caput and cauda epididymal epithelia by a 
previously established technique used for 
studying ion transport properties (11). A 
total of 100 colony-forming units (CFU) of 
Escherichia coli was added to the apical 
compartment of the epithelial cells after 3 
days in culture (0.25 X lo6 cells per well), 
and the medium was collected 16 hours 
later for CFU counting. No bacterial colony 
growth was detected in the medium collect- 
ed from caput cultures, indicating the abil- 
ity of Binlb to suppress bacterial coloniza- 
tion, whereas substantial numbers of CFU 
were observed in the cauda cultures (Fig. 
2A). This was consistent with our finding 
that Binlb was exclusively expressed in the 
caput but not the cauda of the epididymis. 
To confirm that the antimicrobial activity 
was indeed contributed by Binlb, we de- 
signed antisense oligos of Binlb and added 
them to cultures 24 hours before the addi-
tion of bacteria. The antibacterial capability 
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Fig. 1. Localization and 
developmental regula- 
tion of Binlb. (A) Tissue 
distribution of Binlb by 
Northern analysis. (B) 
Regional distribution of 
Binlb in the epididymis 
by in situ hybridization 
(30). Binlb is located in 
the middle (Mid) of the 
rat epididymis caput re- 
gion. Ins, initial segment. 
(C) Cellular localization 
of Binl b with antisense 
probe. Binl b is located in 
the epithelial cells (Epc) 
of the epididymis. (D) 
Sense probe. (E) 18s 
probe as positive'control. 
(F) The expression profile 
of  in-lb‘ mRNA in the 
rat epididymis during the 
whole life-span (15 to 
720 days). 1, 2, and 3 
represent the mRNA 
from the caput, corpus, 
and cauda regions, re- 
spectively. 

3060 120 270 720 

Days after birth 

m 1 8 s  + 

Caput Cauda Control Antisense Sense 

Fig. 2. Antimicrobial activity of Binlb and its up-regulation of expression in response to inflam- 
mation. (A) Comparison of antimicrobial activity in caput and cauda cultures. One hundred CFU of 
Escherichia coli was added to cultures 16 hours before examination. (B) Effect of antisense of Binlb 
on antimicrobial activity of the caput cultures. The cultures were transfected with antisense or 
sense oligos (5 IJ .~ / IJ .~)  for 20 hours. (C) Enhanced Binlb mRNA in the caput but not the cauda 
region of the rat epididymis inflamed by 2-week ligation of the vas deferens. 

of the caput culture was greatly attenuated 
by the treatment with antisense but not with 
sense oligos (Fig. 2B). Treatment of the 
cauda culture with Binlb antisense did not 
affect CFU counts (12), which was expect- 
ed, as Binlb was not expressed in the cauda 
epididymis. These results indicate that 
Binlb does have antimicrobial activity, just 
like members of P-defensin family, and 
thus is likely to be involved in the host 

defense of the epididymis. This notion was 
further supported by a threefold increase in 
Bin-lb mRNA expression in the caput but 
not cauda epididymis when the vas defer- 
ens was ligated (Fig. 2C); a surgical proce- 
dure induces inflammatory changes in the 
epididymis (13). This result is also consis- 
tent with the observation of augmented pro- 
duction of some epithelial defensins by in- 
fection or injury (14,15). Our findings may 

also provide an explanation for previously 
reported bacterial counts and lesions fre- 
quently observed in the cauda but not in the 
caput epididymis in experimental epididy- 
mitis caused by Chlamydia trachomatis in 
rats (16). 

Thus, Binlb appears to be a P-defensin- 
like molecule in the rat epididymis. Binlb 
also exhibits structural similarity to several 
isoforms of epididymis-specific genes re- 
cently found in humans and chimpanzees. 
HE2P 1, one of the isoform mRNAs of HE2 
gene in the human epididymis (17), has 
29.3% (391133) amino acid sequence iden- 
tity with Binlb (9). Frohlich et al. (18) 
have reported five variants of chimpanzee 
epididymal cDNA, of which the main tran- 
script EP2A is the chimpanzee ortholog of 
human HE2. They noticed that the two less 
abundant transcripts, EP2E and EP2D, had 
certain amino acid sequence similarity with 
the P-defensin family, but they did not 
consider either as antimicrobial peptides 
because of the lack of positive charge at 
their COOH-terminals. However, we find 
that the amino acid sequence of EP2E has a 
greater identity, 60% (48/80), with Binlb 
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