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Bac5 is a 5-kDa proline- and arginine-rich antibi- 
otic, stored as inactive precursor (proBac5) in the large 
granules of bovine neutrophils. A full-length cDNA 
encoding the precursor form of Bac5 has been cloned. 
The encoded protein (pre-proBac5) has a calculated 
mass of 20,031 Da and a PI of 9.21. This comprises a 
putative signal peptide of 29 amino acid residues and 
a 101-residue pro-sequence that precede the mature 
antibiotic. The pro-sequence is acidic and may neu- 
tralize the highly cationic Bac5, thus accounting for 
the inactivation of the antibiotic activity observed in 
in  vitro experiments. The structure of mature Bac5 
agrees closely with the amino acid sequence previously 
determined, with an additional tripeptide tail predict- 
ing carboxyl-terminal amidation. A valyl residue is 
deduced at the cleavage  site for the proteolytic matu- 
ration of proBac5, consistent with a previous obser- 
vation showing elastase as the enzyme involved in  this 
processing step. The region upstream  of Bac5  reveals 
high identity to corresponding regions of two neutro- 
phil antimicrobial polypeptides, CAP18 from rabbit 
and bovine indolicidin. The COOH-terminal sequences 
of these antibiotics are completely unrelated. The pro- 
region also exhibits remarkable similarity to pig cath- 
elin, an inhibitor of cathepsin L, indicating a common 
evolutionary origin. 

Neutrophils are primary effector cells in the efferent limb 
of the immune response. They  are rapidly attracted  to infec- 
tion sites, where they ingest noxious microbes into phagocytic 
vacuoles. Concomitantly, they release into  the vacuoles highly 
reactive oxygen derivatives as well as  a variety of antibiotic 
polypeptides (1-9). The effective concentrations and broad 
spectra of activity of these antibiotics, as  tested in in  vitro 
experiments, suggest that they may play a relevant role in 
host defense reactions. The neutrophil  antibiotics of known 
sequence include the bactericidal/permeability-increasing 
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protein, the defensins, and  a family of proteins collectively 
named serprocidins, all contained in the azurophil granules 
(5, 10, 11). 

Two polypeptides belonging to  a new family of proline- and 
arginine-rich  antibiotics, associated to  the large granules of 
bovine neutrophils (12), have been purified and assayed for 
antimicrobial activity (13). The two polypeptides, named bac- 
tenecins or, in an abbreviated form, Bac5 and Bac7 (13),  are 
synthesized in immature myeloid cells of the bone marrow 
and stored as inactive probactenecins in the large granules 
(12). Purified probactenecins do not display any antibiotic 
activity in  vitro on organisms that  are susceptible to  the 
mature forms (14). Removal of the pro-portion, which results 
in appearance of the bactericidal activity, has been shown to 
be triggered by neutrophil stimulation with bacteria (8). 

In this report we describe the cloning and sequence of a 
cDNA that encodes the precursor form of Bac5, and we 
compare the deduced amino acid sequence with that of other 
known proteins. The pro-portion of proBac5 has  a high degree 
of  homology to corresponding regions of two recently de- 
scribed neutrophil antimicrobial polypeptides, indolicidin (15, 
16) and CAP18 (17). We also observe extensive identity of 
these  pro-portions to cathelin, an inhibitor of the cysteine 
proteinase  cathepsin L (18,19), which  may prevent proteolytic 
tissue damage at inflammatory sites. Thus,  a common  evolu- 
tionary origin may  be shared by molecules that appear to 
exert complementary functions in host defense. The combi- 
nation of antibiotic activity and tissue protection from inap- 
propriate proteolysis may satisfy the requirements for an 
effective host response to both microbial infection and tissue 
injury. 

EXPERIMENTAL  PROCEDURES 

RNA Preparation and  Northern Analysis-Total  RNA  was ex- 
tracted from bovine bone marrow cells (20). 

Five pg  of total RNA  was separated by electrophoresis on 1% 
agarose gels containing 6.7% formaldehyde (21) and blotted onto 
nylon filters (Genescreen  Plus, Du Pont-New England Nuclear) using 
an LKB 2016 Vacu-Gene vacuum blotting system (Pharmacia  LKB 
Biotechnology Inc.). RNA  was cross-linked with UV-Stratalinker 
(Stratagene). 

cDNA Library Construction and Screening-Poly(A+) RNA  was 
purified through oligo(dT)-cellulose chromatography (PolyA Quick 
mRNA purification kit,  Stratagene). mRNA was quantified by using 
the DNA dipstick kit (Invitrogen).  A random primed cDNA library 
was constructed using a cDNA synthesis  kit  (Pharmacia  LKB Bio- 
technology Inc.). cDNA  was size-selected on 1% agarose gel; the 
fraction up to 2 kb’  was ligated to the h T7/T3 vector (22) using 
EcoRI oligonucleotide adaptors. About 6 X 10‘ clones were screened 

’ The abbreviations used are: kb, kilobase(s); nt, nucleotide(s); M- 
MLV,  Moloney murine leukemia virus; bp, base pair(s). 
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by  plaque  hybridization  with a degenerate  oligonucleotide  deduced 
from the Bac5  amino  acid  sequence. Filters were  hybridized as de- 
scribed  (23).  Positive  clones were  isolated and cDNA fragments 
subcloned  in  Bluescript  KS+ (Stratagene). 

Primer  Extension  Analysis and PCR Amplification of 3’ and 5‘ 
Ends-For  primer  extension  analysis, a 23-nt oligomer  was annealed 
with 10 pg of total RNA. The extension was  performed  with  Moloney 
murine leukemia  virus  (M-MLV)  reverse transcriptase (BRL) for 1 
h at 43 “C. Final  products were  analyzed  on a 6% polyacrylamide 
sequencing  gel. 

PCR  amplification of the 3’  end  was  performed  by the rapid 
amplification of cDNA  ends  RACE  protocol (24). Ten pg of total 
RNA  was  used to synthesize first strand cDNA  with  M-MLV  reverse 

the oligonucleotide/adaptor 5’-TCGGATCCCTCGAGAAGC(T),-3‘ 
transcriptase. The reaction was  performed  in  20 p1 using  as a primer 

at 40 “C with the buffer  supplied.  After 1 h, the mixture was heated 
to 95 “C and 80 pl  of  PCR  buffer (10 mM Tris-HC1,  pH 8.3,50 mM 
KC1, 1.5 mM MgCld,  containing 50 pmol of the upstream  oligonucle- 
otide 5’-CGCGAA’M’CAAAGCCTGTGAGCTTC-3’ (corresponding 
to nt 233-248 of the cDNA  sequence) and of the downstream  oligo- 
nucleotide/adaptor 5’-CGAGCTCGGATCCCTCGAGAAGCTT-3’, 
was  added.  Amplification  was  performed  with  2.5 units of Tag1 
polymerase (Perkin Elmer-Cetus) for  30  cycles: 2 min at 94 “C, 1 min 
at 55 “C, and 3 min at 72 “C. To amplify the 5’ end, 10 pg  of total 
RNA  was  used to synthesize the first strand using as a primer the 
oligonucleotide 5’-AGGCGGTAGAGATTAGCTTCTGA-3’, comple- 
mentary to nt 162-184  of the cDNA  sequence.  Reverse transcription 
was  performed  with the M-MLV  reverse transcriptase as above. The 
single-stranded cDNA obtained was tailed  with terminal deoxynu- 
cleotidyl  transferase (BRL) in a 30-pl  reaction  mixture  using the 
supplied  buffer  containing 1 mM dGTP. Tailed cDNA  was  purified 
as described (25)  and  amplified as above,  with an upstream  primer 
complementary  to the 20-dGTP tail and a downstream  primer (5’- 
AGGAATTCGCTCATTGAACTGATCCAC-3’) located 4 nucleo- 
tides upstream of the 3’ end first strand primer.  To  assemble the full- 
length cDNA, 1 pg of total RNA  was reverse-transcribed  using the 3’ 
end oligonucleotide 5”GAGAAGCTTCACAAGATTTTATTTT- 
TTGG-3’,  complementary to nt 637-658. The product was  amplified 
with the same  3’  end primer  and the 5’ end  primer  5“CAAGA- 
ATTCGGAGACTGGGGACCATGGAGA-3’ that corresponds to nt 
1-21. Polymerase  chain  reaction  conditions  were  as  described  above. 

DNA  Sequencing-cDNA  was first sequenced  directly  in X and 
then subcloned  in  pBluescript  KS+  vectors (Stratagene). The se- 
quence  was  determined  on double-stranded DNA (26) by the dideoxy 
chain termination method (27) using the T7  sequencing  kit (Phar- 
macia  LKB  Biotechnology  Inc.). Both strands were  sequenced  using 
universal  and  reverse  primers  and  synthetic  oligonucleotides  deduced 
from the cDNA  sequence.  Regions  with  high G+C content were  also 
sequenced  in  parallel  with  deazaguanosine  (Pharmacia  LKB  Biotech- 
nology  Inc.)  using an  automated  fluorescent DNA  sequencer (EMBL 
Fluorescent DNA Sequencer).  Compilation  and  analysis  were per- 
formed  using the IntelliGenetics  Suite  version 5.4 (IntelliGenetics 

Homology searches were carried  out  using the Swiss Prot data 
base. 

The hydropathy  plot  was  obtained  according to Kyte  and  Doolittle 
(28). 

Antibodies-The IgG fraction of rabbit  antiserum to Bac5  was 
obtained as described (12). 

In Vitro Transcription-Translation-The  pBluescript KS’  vector 
containing the full-length  clone  was  linearized  downstream  with 
HindIII, and 1 pg of DNA  was transcribed  with T7 RNA  polymerase 
in  a 20-pl  reaction  volume containing 40 mM Tris-HC1,  pH 8, 8 mM 
MgC12, 50 mM NaCl, 1 mM ATP, CTP, and UTP, 0.2 mM GTP, 1 
mM cap  analogue  (Pharmacia  LKB  Biotechnology  Inc.), 10 mM 
dithiothreitol, 35 units of RNasin (Pharmacia LKB  Biotechnology 
Inc.), 20 units of T7 RNA polymerase (Stratagene) at 37 ‘C. Trans- 
lation reactions  were  performed  using rabbit  reticulocyte  lysate  (Nov- 
agene)  according to the manufacturer’s instructions, with a final 
RNA concentration of 40  pg/ml.  For  membrane translocation  analy- 
sis, the translation reaction was performed in the presence  of 0.5 pl 
of undiluted dog pancreatic microsomes (Du  Pont-New  England 
Nuclear) for 1 h at 34 “C. Immunoprecipitation of translated products 
was  performed  as  described. (29). Translation products were  analyzed 
on a 15%  SDS-polyacrylamide  gel  electrophoresis. 

IRC.) 

RESULTS 

cDNA Cloning-A random  hexamer-primed bovine bone 
marrow cDNA library was constructed  in X T7-T3/E-H vec- 
tor. To develop a probe  with which to  screen  the cDNA library, 
two 33-mer  sets of antisense  degenerate oligonucleotides were 
synthesized,  based  on  the  amino acid  sequence of Bac5 deter- 
mined by plasma  desorption  mass  spectrometry  (PD-MS) 
(30). The encoded  sequence corresponds to residues 9-19  of 
mature  Bac5  (amino  acid residues 139-149 in Fig. 3). The two 
sets of oligonucleotides  differ a t  a position corresponding to  
Arg (amino acid  residue  142 in Fig. 3), resulting  in a 16-fold 
degeneracy  for OlBac5A and a 32-fold degeneracy  for OlBac5B 
(Table I). By  Northern  analysis only OlBacSA was shown  to 
recognize a 0.7-kb mRNA  from bovine bone marrow (not 
shown)  and  was  therefore  used  as a probe to screen  the cDNA 
library by plaque hybridization. Five  clones that gave dupli- 
cate  signals  after  the  primary  screening were plaque-purified. 
The corresponding  insert size was found  to vary  from 0.2 to 
0.4 kb. 

The clone  containing  the  largest  insert (393 bp,  correspond- 
ing to  nt  69-461 of the sequence in Fig. 3), incomplete at its 
5’ and 3‘ ends, was  completely  sequenced in  both directions. 
This  fragment encodes the  first  19  amino acid  residues of 
Bac5 present at its 3’ end.  Northern  analysis  with  the “P- 
labeled fragment reveals a transcript of about 0.7 kb  in bovine 
bone  marrow cells (Fig. lA). No  significant hybridization was 
observed in different bovine  tissues,  including heart, kidney, 
liver,  lung, small  intestine, spleen, and  stomach  (not shown). 

The 5’ end of the  mRNA was determined by primer  exten- 
sion  analysis (Fig. 1B). Reverse transcription of bovine  bone 
marrow  cells mRNA  from an  oligonucleotide primer comple- 
mentary to n t  162-184 shows that  the start site of transcrip- 
tion occurs  184  nucleotides upstream of the  primer sequence. 
This was later  confirmed by the  isolation  and sequencing of 
the  full-length cDNA, generated by the RACE strategy  to  the 
3‘ and  the 5’ ends  as  in Fig. 2. 

Features of the Predicted  Structure-The complete  cDNA 
sequence of 661  bp  and  its deduced amino acid  sequence are 
shown  in Fig. 3. A  531-nucleotide-long open  reading  frame 
starts at nucleotide 15. The  predicted  start codon is preceded 
by a short  5”untranslated region of 14 nucleotides. The 
sequence flanking  the  putative  translation start site a t  posi- 
tion 15 shows homology to  the consensus sequence  described 
by  Kozak (31). A stop codon is found at position 543, followed 
by 116  bp of 3’-untranslated region. A typical polyadenylation 
signal  is  found a t  position  643,19 nucleotides upstream of the 
poly(A) tail. 

The mRNA encodes  a protein of 176 residues (pre-proBac5) 
with a calculated  mass of 20031 and an overall  calculated PI 
of  9.21. The start methionine  is followed by a 28-amino  acid 
hydrophobic region (see  the  hydropathy plot in Fig. 4) corre- 
sponding  to a putative  signal  peptide, as expected  for  a protein 
stored  in  cytoplasmic granules. The likely cleavage site for 
the  signal peptidase is followed by a pro-portion including 11 
positively and  19 negatively charged residues distributed over 
101 residues, with a calculated PI of  4.14. Four Cys  residues, 
clustered  in  the  carboxyl-terminal moiety of the pro-sequence, 
indicate  that  there may be two intramolecular disulfide bonds 
in  this region. 

The cDNA sequence corresponding  to  mature Bac5 is at 
the 3’ end of the  open  reading  frame  (underlined  in Fig. 3). 
Its deduced  sequence matches  the  amino acid  sequence pre- 
viously determined (30), with  the  exception of a discrepant 
-Gly-Pro  dipeptide  predicted at positions 170-171 in place of 
a previously determined Arg residue. A -Gly-Arg-Arg tripep- 
tide  tail,  not  identified by amino acid analysis  and  protein 
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TABLE I 
Degenerate oligonucleotide probes for B a d  

R, A and G; Y, C and T. 
Both oligonucleotide sequences are antisense and  are complementary to amino acid residues 139-149  of the deduced sequence. I*, inosine; 

Probe Sequence 3’ -B 5’ Degeneracy 

OlBac5A  GGI* GGI* TAR GCI*  GGI*  GGI* AAR ATR GGI*  GGI* AAR 
Pro  Pro Ile Arg Pro  Pro  Phe  Tyr  Pro  Pro  Phe 

16 
OlBac5B GGI* GGI* TAR YCT GGI* GGI* AAR ATR GGI* GGI* AAR  32 

A B 

- 2 8 s  

- 18 S 
- -267 - -230 - -213 - - 192 - - - 184 

FIG. 1. Northern analysis of  total  RNA  from bovine bone 
marrow cells and  transcription  initiation site of Bac5 mRNA. 
A, a  Northern blot containing total RNA from bovine bone marrow 
cells was hybridized to  the 32P-labeled 393-bp fragment included 
between nt 69 and 461 of  BacB cDNA. B, the start site for initiation 
of Bac5 mRNA  was determined by primer extension analysis using a 
synthetic oligonucleotide complementary to nucleotides 162-184 of 
Bac5 cDNA. Total RNA from bovine bone marrow cells was hybrid- 
ized to  the primer and extended using reverse transcriptase. The 
extended product (left)  was electrophoresed adjacent to size markers 
(right). 

~~~ ~ 

c O l B 3  

- 50 bp 

FIG. 2. Partial  restriction  endonuclease map  and  sequenc- 
ing strategy for cDNA encoding Bac5. A schematic representa- 
tion of the full-length cDNA of Bac5 is shown at  top. Clone Bac5 was 
isolated by screening a bovine bone marrow cDNA library. RACE 5’: 
(15)G indicates a tail of dGTP; olC, 5’-GCGGAATTC(C)ls-3’; olB, 

CGCTCATTGAACTGATCCAC-3‘. RACE 3‘: o l P *  is  the 5’- 
TCGGATCCCTCGAGAAGC(T)18-3’ oligonucleotide/adaptor; olB2, 
5‘-CGCGAATTCAAAGCCTGTGAGCTTC-3’, 01** is the oligonu- 
cleotide/adaptor 5’-CGAGCTCGGATCCCTCGAGAAGCTT-3‘. 
The full-length cDNA  was generated using olB3 5”GAGAAGC- 
TTCACAAGATTTTATTTTTTGG-3’, and olB4 5’-CAAGAATTC- 

5’-AGGCGGTAGAGATTAGCTTCTGA-3’; olB1,5’-AGGAATT- 

GGAGACTGGGGACCATGGAGA-3’. 

sequencing of Bac5,  is also predicted at  the carboxyl  end. 
In Vitro Transcription and Translation-To  verify the de- 

duced open  reading frame encoding the gene of Bac5, the full- 
length cDNA  cloned  in Bluescript vector  was transcribed and 
translated in vitro. The  translation products were  analyzed 
by immunoprecipitation with antibodies to purified Bac5. 

The results indicate that  the mRNA directs the synthesis 
of a polypeptide  with an apparent M,  of  21000 (Fig. 5, lane 
a), not present in the control lanes (Fig.  5, lanes b and c ) .  The 
apparent masses of the products obtained either in the pres- 
ence (Fig.  5, lane e )  or absence  (Fig. 5, lane d )  of microsomal 
membranes are in good agreement with previously reported 
values (12). 

1 GGAGACTGGGGACC 

15 ATGGAGACCCAGAGGGCCAGCCTCTCCCTGGGACGGTGTTCACTG 
M E T Q R A S L S L G R C S L  

60 TGGCTACTGCTGCTGGGACTAGTGCTGCCCTCGGCCAGCGCCCAG 
W L L L L G L V L P S A S A Q  t 

105 GCCCTCAGCTACAGGGAGGCCGTGCTTCGTGCCGTGGATCAGTTC 
A L S Y R E A V L R A V D Q F  

150 AATGAGCGGTCCTCAGAAGCTAATCTCTACCGCCTCCTGGAGCTA 
N E R S S E A N L Y R L L E L  

195 GACCCTACACCCRRTGATGACTTGGACCCAGGCACCAWGCCT 
D P T P N D D L D P G T R K P  

240 GTGAGCTTCAGGGTGAAGGAGACCGATTGCCCCAGGACAAGCCAG 
V S F R V K E T D C P R T S Q  

285 CAGCCCCTGGAGCAGTGTGACTTCAAGGAGAATGGGCTGGTGAAA 
Q P L E Q C D F K E N G L V K  

330 CAGTGTGTGGGGACAGTCACCCTGGACCCATCAMTGACCAATTT 
Q C V G T V T L D P S N D Q F  

315 GACATAAACTGTAATGAGCTTCAGAGTGTCAGATTTCGTCCACCA 
D I N C N E L Q S V R P R P P  

420 ATCCGTCGTCCACCAATCCGTCCGCCGTTCTATCCACCGTTCCGC 
I R R P P I R P P F Y P P F R  

465 CCGCCGATCCGCCCACCGATCTTCCCACCGATCCGGCCACCGTTC 
P P I R P P I F P P I R P P F  

510 CGTCCACCCTTAGGACCGTTTCCTGGTAGACGGTGAACMTAGGC 
R P P L G P F P G R R ’  

555 AGATAACTCCCTGATAAGGGCTTCTGATGAATCAGAAGCCCAGGG 

600 AAGACCTCTTGGGATCTCTTTTGCCCTGAGTCAGCATCCA 

645 m T C T T G T G A A A A C  (A) n 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

176 

FIG. 3. Nucleotide  and  predicted  amino  acid  sequence  of 
Bac5. The nucleotide sequence is numbered on the left. The first 
methionine is numbered on the right as amino acid 1. The arrow 
indicates the end of the putative signal sequence, including the first 
29 amino acid residues. The sequence of the mature BacB is under- 
lined. The amidation signal is indicated by a double underline, the 
stop codon is marked with an asterisk, and  the polyadenylation signal 
is ouerlined. Cysteine residues are boldface type. 

Sequence Comparisons-Homology searches through the 
Swiss-Prot Data Bank identified two  known proteins that 
share 71 and 52% identity, respectively, with pre-proBac5: a 
specific inhibitor of cathepsin L, isolated from  pig  leukocytes 
and named cathelin (18,19), and a lipopolysaccharide-binding 
protein from rabbit granulocytes,  named  CAP18  (17). The 
homology is confined to  the region upstream of mature Bac5 
(Fig. 6),  and includes  four invariant cysteine residues.  Re- 
markable similarity (77% identity) is  also exhibited by the 
same region of the recently sequenced  indolicidin (16), an- 
other member of the repertoire of bactericidal peptides of 
bovine neutrophils (15). 

DISCUSSION 

Bac5  belongs to a proline- and arginine-rich family of 
antimicrobial peptides (13,  32). This polypeptide is stored in 
the large granules of bovine neutrophils as inactive proform 
or proBac5 (12). The mature Bac5 is generated by proteolytic 
cleavage  catalyzed by elastase (14).  Additional information is 
provided  here on the structure  and function of proBac5 
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through the sequencing of a cDNA representing Bac5  mRNA 
from bovine  bone  marrow  cells. 

cDNA analysis also allowed a better definition of the struc- 
ture of mature Bac5,  which  was  previously  sequenced by PD- 

I I 

FIG. 4. Hydropathy plot of  Bac5. Linear diagram of the se- 
quence presented in Fig. 3, with the amino terminus  on the left and 
the carboxyl terminus  on the right. Dashed vertical line, cleavage 
position that produces the antimicrobial peptide. The lower panel 
indicates the distribution of basic (+) and acidic (-) residues. The 
hydropathy plot was produced by the method of Kyte and Doolittle 
(28) with a width of 11 residues. 

kDo 

97.4 - 
69 - 
46 - 

'I- 

-.I 

30-11* 14.3 - 
a b c  d e  

FIG. 5. I n  vitro translation of mRNA transcribed from BacS 
cDNA. The sense or the antisense sequences of Bac5 transcript were 
used to direct the in vitro protein  synthesis  in  a reticulocyte lysate 
system in the presence of [35S]methionine, and analyzed by SDS- 
polyacrylamide gel electrophoresis and autoradiography. Proteins 
synthesized in the presence of the sense (lane a )  or the antisense 
(lane b)  sequence of Bac5 transcript, and ( l a n e  c) in the absence of 
Bac5  transcript. Lanes d and e show the translation products (arrows) 
of the sense sequence of Bac5 transcript obtained in the absence and 
presence, respectively, of a microsomal membrane fraction, and im- 
munoprecipitated with antibodies to Bac5. 

MS (30). A discrepant Arg assigned by PD mass spectra (30) 
is replaced in the cDNA  sequence by a -Gly-Pro dipeptide 
predicted at  positions 170-171 (Fig. 3). This discrepancy may 
arise from ambiguities in amino acid sequencing of the 
COOH-terminal moiety of Bac5. The mass of the -Gly-Pro 
dipeptide (154.17 Da) is very  close to  that of the Arg residue 
(156.19 Da),  and the accuracy of mass determination by 
plasma desorption mass spectrometry might have not been 
high  enough to appreciate this difference. The replacement of 
one Arg residue with -Gly-Pro is also consistent with the 
amino acid analysis of Bac5  (13). 

Nucleotide sequencing predicts a carboxyl-terminal tripep- 
tide -Gly-Arg-Arg,  which is missing at the carboxyl terminus 
of the mature peptide (30). This is likely to be the result of 
posttranslational processing. In fact, previously  performed 
pulse-chase analysis of proBac5 as synthesized in bone mar- 
row cells, clearly showed that a correspondingly similar mass 
is lost from newly synthesized proBac5 (12). The sequence - 
Gly-Arg-Arg at  the carboxyl ends of many precursors to a- 
amidated peptides has been indicated as a general combined 
proteolysis/amidation signal (33).  Bac5 is  thus expected to 
carry an  a-amide group at its carboxyl-terminal prolyl  residue, 
as has been  shown to be the case with other antimicrobial 
peptides (15,32,34, 35). 

The analysis of the cDNA  sequence has given a relevant 
contribution to  the elucidation of the structure  and function 
of the pro-region. This sequence presents a putative valyl 
residue at the cleavage site for the proteolytic maturation of 
proBac5.  Valine is one of the amino acids of choice  for 
elastase, that has been  shown to be the enzyme  responsible 
for  removal of the pro-portion (14). The pro-region is char- 
acterized by an  alternate distribution of basic and acidic 
residues (Fig. 4), with a prevalence of acidic  residues account- 
ing for a calculated PI of  4.14. This  structural characteristic 
may  be critical for inactivation of the antibiotic activity, with 
the acidic pro-portion playing a role in neutralizing the highly 
cationic mature Bac5 (PI 13.38). The same hypothesis has 
also been advanced for other cationic toxic proteins (36). 

A more  precise characterization of the function of the pro- 
region has been aided by identification of sequence similarity 
with known proteins. Extensive identity has been  found to 
corresponding regions of bovine neutrophil proindolicidin and 
rabbit neutrophil CAP18. The three proteins are likely to 
derive from a common  gene  family, as mismatches in  the 
respective  pro-sequences  seem to rule out  their origin through 
alternative splicing of the messenger. Interestingly, a common 
feature is the antimicrobial activity exerted by the structurally 
unrelated COOH-terminal portions cleaved  from their pre- 
cursors (14,  15,  17).  Homologous  pro-sequences present in 

INDOLICIDIN 

CAP18 

CATHELIN 

BACS PFYPPFRPPIRPPIFPPI H;IT:FPGPJt 

INDOLICIDIN 

CAP18 F ~ I K E K L K K I G Q K I Q G  

CATHELIN TR 

FIG. 6. Alignment of BacS with indolicidin, cathelin, and CAP18. The amino acid sequence deduced from cDNA encoding Bac5 is 
aligned with the sequence of bovine indolicidin (16) and rabbit CAP18 (17), both deduced from the cDNA, and with the sequence  of  pig 
cathelin determined by Edman degradation (18). Boxed residues reflect those common to proBac5 and at  least one other family  member. 
Sequences were aligned using the GENALIGN program. 
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