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A genomlc clone of sarcotoxm I was rsoiated Thus clone contamed four genes of structurally related proteins belonging to the sarcotoxm I famdy 
present m tandem array One of these genes was sequenced and found to he the sarcotoxm IB gene Thrs gene contamed a single mtron of 95 

bases 

Gene structure, Multi-gene family, Sarcotoxm I, Anttbacterlal protem, (Sarcophagaperegrma) 

1. INTRODUCTION 

In Sarcophaga peregrrna (flesh fly), various an- 
tibacterial proteins are induced in the hemolymph when 
the body wall of third-instar larvae is injured with a 
hypodermic needle [l-3]. Sarcotoxin I is a mixture of at 
least three cecropm-type antibacterial proteins termed 
sarcotoxin IA, IB and IC, which have almost identical 
primary structures 1441. We purified these proteins to 
homogeneity, determined their amino acid sequences, 
and isolated a cDNA for sarcotoxin IA [4,5]. As these 
proteins are synthesized simultaneously in the fat body 
in response to body injury, the genes for these proteins 
in the fat body of injured larvea must be activated in the 
same way. 

Northern blotting analysis indicated that the sar- 
cotoxin IA gene is also transiently expressed in the early 
embryonic stage and the early pupal stage of undamag- 
ed insects [6]. This expression pattern is exactly the 
same as that of Sarcophaga lectin, another defense pro- 
tein synthesized by the fat body in response to body m- 
jury [7,8]. Thus, these two genes are normally activated 
twice during the life cycle of Sarcophaga as well as in 
response to body injury. We are interested in the 
mchanism of activation of a given gene under two dif- 
ferent developmental and physiological conditions. To 
study this problem, it is necessary to clone the genes for 
these proteins and study their expression in vitro. 

This paper describes the cloning of the sarcotoxin I 
gene. The genes for proteins of the sarcotoxin I family 
were found to exrst as a cluster. 
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2. MATERIALS AND METHODS 

2 1 Construction of genomic library of Sarcophaga 
A hbrary was constructed essentially as described by Kruser and 

Murray [9] Bnefly, DNA Isolated from adult fhes was partially 
dlgested with Suu3A1, and the resultmg DNA fragments were frac- 
tlonated by a 10-40% sucrose density gradlent centnfugatlon. 
Fragments with molecular lengths of 15-20 kb were collected, and 
hgated to BarnHI-cleaved h EMBL3 arms (Amersham) The bgated 
DNA was packed mto I\ phage particles m vitro with a packagmg ex- 
tract (Stratagene) The infectious particles obtamed (about 2x lo6 
plaque formmg umts/pg Sarcophagu DNA) were used to screen the 
sarcotoxin I genes 

2 2 Screemng of the sarcotoxm IA gene 
Eschertchla cob 4358 was Infected with the recombmant phages, 

and a total of 3 x 10’ plaques were screened with pTO19, a cDNA 
clone for the sarcotoxm IA gene [5] Hybrldlzatlon was carried out at 
42°C for 12-16 h The filters were washed successively wzth 0 1 x SSC 
(1 x SSC =O 15 M NaCl, 0.015 M sodium atrate) and 0 1% SDS solu- 
tion at 42OC Then the blot was exposed to a Kodak XAR-5 film at 
- 70°C 

2 3 DNA blot hybrrdizatton 
About 5 tg of DNA was dlgested with various restriction enzymes 

The digests were electrophoresed in 0.8% agarose gel and then 
transferred to a mtrocellulose filter as described by Thomas [lo] The 
hybrldlzatton mixture consisted of 50% (v/v) formamide, 5 x SSC, 
1 x Denhaidt’s solution, 20 mM sodmm phosphate (pH 6 S), and 100 
pglml of denatured and somcated salmon sperm DNA Hybridl~tlon 
was carried out with a tuck-translated MboII-TaqI fragment of 
pTO19 at 42*C for 12-18 h The filter was washed for successive 15 
mm periods with 2 x SSC contaimng 0 1% SDS at room temperature 
and at 42”C, and then autoradlographed at - 70°C 

2 4 DNA sequencing 
To sequence DNA, we first prepared various deletion derlvatlves of 

the DNA fragment usmg exonuclease III and mung bean nuclease, or 
wte-specific restrictIon enzymes. Then each deletion denvatwe was m- 
serted into a pUCl18 vector Single strand DNA was obtamed usmg 
a helper phage M13K07, and sequenced by the mdeoxy cham termma- 
&on method usmg Sequenase (United State Blochemrcal Corp ) [l I] 
Both strands of the DNA were sequenced, and the final sequence was 
inferred from overlaps between consecutive deletion derlvatlves 
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3. RESULTS AND DISCUSSION 

By screening a genomic library of Sarcophaga, we 
isolated one clone that hybridized with cDNA for sar- 
cotoxm IA (pTO19) [5]. This colone h IV32, contained 
a 16 kb insert. This insert was split mto two with San, 
and one of the resulting fragments was found to 
hybridize wrth pT019. We subcloned this 11 kb frag- 
ment into a pUC118 vector, and named the resulting 
plasmrd pTOGI11. From analysis of pTOGI11, this 11 
kb fragment was concluded to contam four tandem 
repeats of a 2.4 kb BglII-EcoRI fragment, as illustrated 
in fig.1. This conclusion was based on the following 
lines of evidence: (1) When pTOGIl1 was digested with 
HlndIII, EcoRI, BgflI, MluI and MI, a dense band of 
a 2.4 kb fragment that hybridized with pT019 was 
always detected; and (2) As this pTOGIl1 contained 
only one EcoRV site, restriction sites for HindIII, 
EcoRI, BgflI and MIUI could be mapped from the posi- 
tron of the EcoRV site. Since we could not map the PstI 
sites completely, they are not included m fig.1. From 
these results, we speculated that pTOGIl1 contains 
four genes for protems belongmg to the sarcotoxin I 
family, and that these genes are present in tandem 
array. 

An example of DNA blotting hybridization obtained 
by dtgesting A IV32 DNA with the three restriction en- 
zymes is shown in fig.2. In all three digests, a 2.4 kb 
fragment was detected. All the other hybridizatron- 
positive bands except that of a 2.8 kb fragment in lane 
3 are those of partially digested products or joint 
molecules of Sarcophaga DNA and vector DNA. The 
2.8 kb fragment in lane 3 was found to be that of a 
DNA fragment containing unit 1 and the SaA site in 
Sarcophaga DNA shown m fig.1. 

Assuming that each Bg/II-EcoRI unit contains one 
gene for a sarcotoxm I protein, this gene structure is 
unique. Recently, four cecropin B genes were isolated 

h IV32 
\ 

- 2 kb 

PToGlll 

u 1 kb 

Umt 1 Unit 2 ulnt3 Ikrt4 

Fig 1 Multi-gene structure of the sarcotoxm I genomlc clone An 11 
kb Sa/I-S&I fragment of X IV32 was subcloned (pTOGI1 l), and Its 
precise restrIctIon map was determmed This clone contamed four 
repeated units with almost Identical restrIctIon sites RestrIctIon 
enzymes used S, SalI; B, BgflI; EV, EcoRV, M, MluI, H, HlndIII, 
E, EcoRI L A and R A Indicate the left arm and right arm of the 

vector used 

Fig 2 DNA blot hybrldlzatlon of h IV32 Recombmant phage DNA 
from X IV32 was digested with each of HlndIII, PstI and EcoRI, and 
electrophoresed The digests were blotted onto a mtrocellulose filter 
and probed with sarcotoxm IA cDNA (pT019) Figures mdlcate 
molecular lengths m kdobases Lane I, HIndI digest, lane 2, PstI 

digest, lane 3, EcoRI digest 

[12]. It 1s not known whether they form a gene cluster, 
but judging from the present results, it is likely that the 
genes for these antibacterial proteins are present as a 
gene family, and that their expression 1s regulated in the 
same way. 
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Fig 3 Genomlc DNA blot hybridization of Sarcophugu DNA 
Surcophaga DNA was dlgested with each of PslI, NlndIII and EcoRI, 
and electrophoresed The digests were blotted onto a mtrocellulose 
filter and probed with sarcotoxm IA cDNA (pT019) Figures Indicate 
molecular lengths m kilobases Lane 1, PstI digest, lane 2, HIndI 

digest; lane 3, EcoRI digest 
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Fig 4 Diagram of the 2 6 kb MI-EcoRI fragment and its sequencmg 
strategy The dlrectlon and extent of sequencing are shown with 
arrows The closed box showsthelocatlon of the sarcotoxm IB gene 
wlthanmtron Restrlctlonenzymes:S,Su&B,BgCII,EV,EcoRV,P, 

FWI; M, MluI, H, HzndIII, E, EcoRI 

An alternative, but unlikely possibility, was that h 
IV32 is a cloning artifact. To examine this possibility, 
we analyzed Sarcophaga DNA by DNA blot hybrrdiza- 
tron to see if 2.4 kb fragments are produced. Sar- 
cophaga DNA was digested with PM, HndIII and 
EcoRI, respectively, and probed with pTO19. As shown 
in fig.3, a 2.4 kb fragment was always detected irrespec- 
tive of the restriction enzyme used. Particularly 
noteworthy is the fact that the digest with EcoRI gave 
bands of 2.4 kb and 2.8 kb fragments like the digestion 
of h IV32 with EcoRI (cf. frg.2, lane 3). These results in- 
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dicate that h IV32 is not a cloning artifact, and that the 
sarcotoxin I gene in Sarcophaga DNA actually has a 
repeating structure. Then does each BgflI-EcoRI frag- 
ment contain one gene for one protein of sarcotoxin I? 
To answer this question, we tried to sequence unit 1 
shown in fig. 1. For this purpose, we subcloned the San- 
EcoRI 2.6 kb fragment, and its sequencing strategy was 
shown in fig.4. As pT019 hybridized only with the 
EcoRV-Hind111 fragment, we sequenced this fragment. 
As shown m fig.5, this fragment contained one gene for 
a protein of the sarcotoxin I family, and from its deduc- 
ed sequence this protein was identified as sarcotoxin IB 

141. 
The structures of the sarcotoxin IB gene and the 

cecropin B gene are quite similar [ 121. The sarcotoxin 
IB gene contains one mtron as in the case of the 
cecropin B gene, but this intron in the sarcotoxin IB 
gene is much shorter, being only 95 bases. The intron of 
the sarcotoxm IB gene is present between Ile-10 and 
Glu-1 1, whereas that of the cecropm B gene is between 
Ile-8 and Glu-9. This Be-Gle sequence is conserved 
among sarcotoxin I and cecropins A and B [4]. 

The cap site for the sarcotoxin IB gene was assigned 
as A m the insect-specific consensus sequence for the 

. 
AATATCCAATGCAAATTTGATACC~TAATTI\GAAATCATA 

ATGTTGAAGATTCATTGAMGCI\AGTCCT;TATAAACTA; 

ATCATTT' 
. 

GCTTTTGAGCTGCAGTGTGAAA.kTTAAAATT~AAATAATAAiAATTAATAAA 
. Cap . Pat I . 
AAAAAATTAAAAAAACCATTATCAA~~~C~A~-G~A~~CA~~~~~G~~GCA~~GA~~~ 

MetAsnPheAsnLysValPheIlePheValAlaLeuIleLeu 
. . 
TGGCTGTTTTTGCTGGACAAAGTCAAGCTGGTTGGTTGAAAAAAATTGCCAAAAAAATTC 

AlaValPheAlaGlpGlnSerGlnAlaC;lyTrpLeuL~sL~sIleGl~L~sL~sIle~ 
4 Exon 1 . 

~AAGTATTGTTATCAAGAGAAAACATTTTTATATTTTATA 

. . 
TGCCACCATTCAGGTTATTGGTCTTCCCCMCACCCTCCAA~G~AGC~GCCACAGCCAG 
AlaThrIleGlnValIleGlyValA~aGlnGlnAlaAlaAsnValAlaAlaThrAlaAr~ 

. Exon 2 . . 
AGGTTAAAAATTCTTCCTTTCTTTAGAATThAATATTTTT 

-**t 
. 

GGATATAGTTTAAGATGAATAAA.TTATTTGMAATTAAAAAAAGAATTTTAAGCTTAACA 
Hind III 
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Fig 5 Nucleotlde sequence of the sarcotoxm IB gene Codmg regions are underhned and the correspondmg ammo acid sequences are shown A 
possible GMT-box, TATA-box, Cap site and poIy(A) addltlon slgnal are also underhned The arrowhead shows the cleavage site of a putative 

slgnal peptlde 
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cap site ATCATTT [13], by comparison with the se- 
quence of the sarcotoxin IA cDNA [5]. A TATA-box, 
a CAAT-box and a poly(A) addition signal were present 
in reasonable locations, indicating that the sarcotoxin 
IB gene is an independent compact gene. Probably, 
units 2, 3 and 4 contain similar genes corresponding to 
other proteins of the sarcotoxin I family. 
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