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Site-Specific Nick in the T-DNA Border Sequence 
as a Result o f A ~ r o b ~ e r i w m  vir Gene Expression 

The T-DNA transfer process ofApobacterium tumL?fhciens is activated by the induction 
of the expression of the Ti plasmid virulence (vir) loci by plant signal molecules such as 
acetosyringone. The vir gene products act in trans to mobilize the T-DNA element 
from the bacterial Ti plasmid. The T-DNA is bounded by 25-base pair direct repeat 
sequences, which are the only sequences on the element essential for transfer. Thus, 
specific reactions must occur at the border sites to generate a transferable T-DNA 
copy. The T-DNA border sequences were shown in this study to be specifically nicked 
after vir gene activation. Border nicks were detected on the bottom strand just after the 
third or fourth base (2 one or two nucleotides) of the 25-base pair transfer- 
promoting sequence. Naturally occurring and base-substituted derivatives of the 25- 
base pair sequences are effective substrates for acetosyringone-induced border cleav- 
age, whereas derivatives carrying only the first 15 or last 19 base pairs of the 25-base 
pair sequence are not. Site-specific border cleavages occur within 12 hours after 
acetosyringone induction and probably represent an early step in the T-DNA transfer 
process. 

A grobacteriunz tumefaczens HARBOR- 

ing a Ti (tumor-inducing) plasmid 
induces tumors in plants by transfer- 

ring and integrating a specific DNA seg- 
ment, T-DNA, into the plant nuclear ge- 
nomes [reviewed in (I)] .  The T-DNA trans- 
fer process is mediated by products of the Ti 
plasmid virulence (yir) (2) and chromosome 
virulence (chv) (3) loci. While cbv expression 
is constitutive, vir expression is tightly regu- 
lated (2,4). Activation of the vir genes is the 
direct result of the recognition by A~robac- 

teriunz of signal molecules produced by 
wounded cells (S) ,  and &is activation 
initiates the transfer process. 

The T-DNA is bounded by imperfect 25- 
base pair (bp) direct repeats (1). While 
deletion of the left border repeat has no 
significant effect on oncogenicity (6), dele- 
tion of the right repeat totally abolishes it 
(7-9). When the orientation of the right 
border is reversed with r e~a rd  to its natural " 
orientation, the efficiency of transfer or inte- 
gration (or both) of the T-DNA is greatly 

attenuated (7, 9). Since only the T-DNA 
element is found integrated in the plant 
nuclear genome, specific reactions are ex- 
pected to occur at the T-DNA borders 
(especially at the right border) to generate a 
transferable T-DNA copy. Recent experi- 
ments have shown that vir induction by 
acetosyringone (AS), a purified plant signal 
molecule, results in the production of S1 
nuclease-sensitive structures at the T-DNA 
borders (10). The data described below indi- 
cate that this S1 sensitivity is due to AS- 
induced specific single-stranded cleavage 
within the 25-bp repeat sequence. 

Various constructs (Fig. lA),  including a 
3.3-kbp Hind I11 fragment overlapping the 
right T-DNA border of the nopaline-type Ti 
~lasmid as well as several derivatives of the 
transfer-promoting 25-bp border sequence 
(3, were tested for their sensitivity to S1 
nuclease after AS induction. Border nicks 
began to occur within 4 hours and reached a 
maximal level by 12 hours, after the addition 
of AS to bacterial cultures grown in Mura- 
shige and Skoog medium, with sucrose and 
phosphate (MSSP) (10). Thus, the different 
A~robacterium strains were induced with AS 
for 12 hours, and total DNA was prepared 
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. . . . 
TGGCAGGATATLTT$~~TGTAAA~ consensus sequence 

hru l 3 GTGG C t- ECO RI pNL25 
PVU I c CGATG A ECO I31 pOC25 

GGCGG al: Hind Ill fi 3 Barn HI pBR325:R25 
B 

ECO RI 6 ~ n l n a  Ill pNR15 
l(23) 1 

Eco RI 4 GGCGG C Hind Ill pNR19 

Fig. 1. Constructs used to detect acetosyringone-induced nicking. (A) Cis 
constructs. The T-DNA border sequences cloned in pKC7 (20) were 
mobilized (21) to Agvobmt&um and cointegrated into the right border 

and digested with restriction enzymes and 
S1; after electrophoresis the fragments over- 
lapping the T-DNA border regions were 
detected by hybridization (Fig. 2A). After 
S1 treatment, novel fragments were detected 
with all the constructs containing the 25-bp 
border sequence (Fig. 2A, lanes b, e, and g), 
and the molecular weights of these frag- 
ments corresponded to those predicted to 
arise if cleavage occurs at the 25-bp se- 
quences (Fig. 1). Without AS induction no 
border cleavage fragments were detected 

deletion mutant pGV3852 (7). Numbers in brackets on pGV3852 refer to 
Hind 111 fragments of the nopaline Ti plasmid (22). (al) Structure of the 
cointegrate between plasmids carrying chemically synthesized border se- 
quences alone; (a2) structure of the cointegrate between the plasmid 
carrying 3.3-kbp Hind 111-23 fragment overlapping the right T-DNA 
border. (B) Trans construct. Structure of plasmid carrying chemically 
synthesized border sequence pOC25 and the wide-host range (WHR) 
origin of replication of pVSl (14). This plasmid was mobilized to Agvobuc- 
tm'um carrying a nopaline Ti plasmid, pMP90 (23), deleted in the T-DNA 
region. Linear maps below constructs in (A) and (B) refer to the sizes (in 
kilobase pairs) of fragments produced after digestion with Bam HI or Bam 
HI + Sl,  nuclease; S1-sensitive border nicks are indicated by small arrows. 
Symbols and abbreviations: boxed regions, Ti plasmid sequences; horizontal 
lines, pBR322 or pKC7; open triangle, T-DNA border sequence; ApR, 
ampicillin-resistant; KmR, kanamycin-resistant; B, Bam HI; H, Hind 111; S, 
Sal I; X, Xho I; S1, nuclease S1; ori, Escherichia coli origin of replication; 
O N ,  pVSl origin of replication. (C) Sequence composition of T-DNA 
border constructs. The 25-bp T-DNA border consensus sequence (24) is 
shown above the chemically synthesized T-DNA border sequences cloned in 
pKC7. Bases in boxes show sequences that differ in each construct. pNL25 
and pBR325:RX are native 25-bp sequences of the left and the right border 
of nopaline pTiC58; pOC25 is the base-substituted (G17- T17) 25-bp 
sequence of the left border of octopine TR-DNA from pTiA6; pNR15 and 
pNR19 are deletion derivatives of the right border of nopaline pTiC58. 

(Fig. 2A, lane c; control). Thus, the 25-bp 
sequence is sufficient to provide an effective 
substrate for the AS-induced nicking reac- 
tion. 

A single base change in the variable re- 
gion of a naturally occurring 25-bp se- 
quence (pOC25, G to T change at position 
17 shown in Fig. 1C) does not significantly 
alter its efficiency in the border cleavage 
reaction (Fig. 2A, lane g; compare to 
pNL25 in lane e, the native nopaline left 25- 
bp segment). However, deleted derivatives 

Fig. 2. S1 endonuclease sensitivity of T-DNA A 
a b  c d e  f g  

B 
border sequences after oiv induction with AS. j k l m n  
Numbers refer to fragment sizes in kilobase pairs. 10 -*- --- e m  
AS (+I-) indicates that Apbacte+ia were in- 
duced or not induced by AS; S1 (+/-) indicates =.' 
that total DNA was digested with or without S1 4.1 -' - - =;% 
nuclease. (A) Cis T-DNA constructions: (lanes a -3.4 
and b) pGV3852::pH23-1; (lanes c, d, and e) 3.2 - 
pGV3852::pNL25; (lanes f and g) 
pGV3852::pOC25; (lane h) pGV3852:: A: + 
pNR15; and (lane i) pGV3852::pNR19. The -1.9 SI + 
low level of AS-induced border cleavage frag- + : ; : 1 : : 
ments detected without S1 treatment (lanes d and 
f) likely reflects mechanical breakage during sam- 
ple preparation. Note that the Bam HI fragment for pGV3852::NlS (and NR19) (lanes h and i) is 5.9 
kbp, since these constructs are not deleted between the Pvu I and Eco RI sites of pKC7 (20). (B) Trans 
T-DNA constructions: (lanes j, k, and 1) pOC25-WHRlpMP90; (lane m) control pKC7lpMP90 (no 
insertion of border sequence in pKC7); (lane n) pOC25-WHR in C58C1 (no Ti plasmid). For 
experimental procedures, see (25-27). 

carrying only the first 15 (pNR15) o r  last 
19 (pNR19) base pairs of the 25-bp se- 
quence are not effective substrates for the 
border cleavage reaction (lanes h and i). The 
ability of the different constructs to serve as 
substrates for the border cleavage reaction 
correlates with their ability to form tumors 
when they are inoculated onto tobacco 
plantlets-that is, all strains are active in 
tumor formation except those carrying 
pNR15 or pNR19 (11). 

Comparison of the relative intensities of 
the signals representing the S1 cleavage 
products to the signal representing their 
uncleaved restriction fragment reveals the 
efficiency of different constructs in the bor- 
der nicking reaction. The efficiency of the 
25-bp sequence alone (Fig. 2A, lanes e or g; 
compare the uncleaved 5.3-kbp band with 
the cleaved 3.4-kbp and 1.9-kbp bands) is 
approximately the same as when it is con- 
tained in the complete right border frag- 
ment (Fig. 2A, lane b; compare the un- 
cleaved 4.1-kbp band to the cleaved 3.2-kbp 
band). Recently, a sequence designated 
"overdrive," just rightward (within 60 bp) 
of several 25-bp repeats has been reported to 
greatly stimulate transfer of adjacent T- 
DNA's to plant cells (12). Our data suggest 
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Flg. 3. Determin. -induced cleavagc sitc within the 25-bp T-DNA 
bordcr scqucncc. ( A )  Xopalinc lcft 25-hp bordcr sequence (arrow) and 
flanking rcstriction sites in pCV3852::pNL25. Ti, To, Ui, and Bo indicatc 
top (T) or bottom (B)  strands i~isidc (i) or outside (0) the 25-bp sequence 
after restriction u.ith Rgl I, l\.u I. and Rgl 11; numbers in brackets indicatc 
the lengths of each strand in nuclcotidcs. T, top strand probe; 8. bottom 
strand probe. (B) Detection and localization of the strand-spccific nick site. 

that overdrive is not essential for border 
nicking; however, recent results indicate 
that this sequence can act at a long distance 
(13). Possibly the border nicking seen here 
might require an overdrive sequence that is 
located elsewhere on the cointegrate Ti plas- 
mids. 

The 25-bp sequence also is nicked after 
AS induction when it is carried on a small 
replicon in trans to the Ti plasmid (Figs. 1B 
and 2B), and this nicking is dependent on 
the presence of an intact vir region (Fig. 2B, 
lane 1 versus lane n). This trans plasmid is 
identical to that used to measure border 
nicking in cis in Fig. 2A, lane g, except for 
the origin of replication of pVSl (14). 
However, the efficiency of the border cleav- 
age reaction is reduced approximately five- 
fold in the trans construct [compare the 
uncleaved and cleaved bands in lane g of 
Fig. 2A (5.3 kbp, 3.4 kbp, and 1.9 kbp) 
with those in lane 1 of Fig. 2B (13 kbp, 9.6 

4 C I T N G  B o T o  

I 
5 
t P"" l 

0 2 %  

T A 

AS-induced pGV3852::pNL25 DNAuras cleaved with BgI I and Rgl I1 and 
treated tvith (lanes 3, 6, and 9) or \vithout (lancs 2, 5, and 8 )  S1 nuclcase 
(25). For markers Bi, Ro, Ti, and To, noninduccd pGV3852::pNL25 DNA 
was digested with Bpl I, P\u I, and Rgl I1 (lancs 1, 4, and 7). Opcn and 
closed triangles (lancs 2, 3, 5, 6, 8, and 9) indicatc uppcr and lower strands 
of thc BgI I-Bpl I1 frapmcnt. R'eak signals in larlc 2 at T o  and Ti positions 
reflcct either ( i )  lea.-lcvcl clcavagc on the opposite strand or (ii) the presence 
of palinclromic scqucnccs [scc also lancs 1 and 3 in ( C ) ]  (28). Fragments are 
smallcr after S 1  duc to rcmoval of protn~ding bases at the cnd of the 
restriction sites. H!. the design of thc cspcrimcnts thcrc arc additional 
fragments, unmarked uppcr bands in lancs 1 to 9, which hybridize to thc 
prohes. (C) Precise position of the strand-specific nick sitc. AS-induced 
pG\'3852::pNL25 1)SA was digcsted with Bgl I1 (lanes 2 and 4). 
Soninduced pGl'38.52::pN1.25 DNA \\,as digstcd with Bgl I1 anci P w  I 
(Bo and T o  markcrs, lancs 1 and 3). DNA samplcs were electrophoresed on a 
6% scquencinp gcl alongside a sequencing ladder of the purificd Bgl I-Bgl I1 
frapmcnt 5' cnd-labclcd ac rhc Bpl I1 site, and transferred to a nylon filter by 
electrohlottinp. Espcrimcntal samples tvere cut au.ay from the radioactive 
sequencing ladder bcforc hybridization urith Bo probe (lanes 1 and 2) or To 
(lancs 3 and 4). The n~~clcotidc sequence of the Ru I sitc used to gcncrate 
the markers Ro anci To was uscd to align the niro parts of thc filtcr after 
autoradiograph?. The major and possihl!. secondan nick products (lanc 4) 
arc indicated by the long and short arrowheads. respectively. The corre- 
sponding scqucncc is shown at thc right. For experimental procedures, see 
(29, 30).  

kbp, and 3.4 kbp)]. This result may be a 
consequence of the higher copy number of 
this trans plasmid (six or seven copies per 
&mbacterium) (14) if the AS-induced mo- 
lecular reactions of the T-DNA are regulated 
to occur to a limited extent (10)-that is, the 
number of events per AS-induced cell does 
not increase with larger numbers of sub- 
strate molecules. 

The experiments shown in Fig. 3 precisely 
localize the S1-sensitive border nick within 
the 25-bp border sequence of pNL25 (iden- 
tical results are obtained with plasmids car- 
rying pOC25 or pBR325 : R25). DNA iso- 
lated from AS-induced bacteria was cleaved 
with Bgl I and Bgl 11, and half of each 
sample was further digested with S1 nucle- 
ase. The samples were electrophoresed in 
triplicate on a denaturing polyac&h,mide gel 
and hybridized with probes homologous to 
the bottom, the top, or both bottom and top 
strands of the Bgl I-Bgl I1 fkgment overlap- 

ping the 25-bp border sequence (Fig. 3B). 
The border nick is confined to the bottom 

strand of the 25-bp border sequence since 
the nick cleavage products are detected with 
the top strand probe in the absence of S1 
treatment (Fig. 3B; compare lanes 2 and 5). 
This result is also reflected in the intensities 
of the uncleaved Bgl I-Bgl I1 fragment; the 
top strand (open triangle, lanes 2 and 3) 
gives a stronger hybridization signal than 
the bottom strand (closed triangle, lanes 5 
and 6). After S1 treatment, cleavage prod- 
ucts are detected with either top or bottom 
strand probes (lanes 3 and 6). 

The size of the fragments representing the 
bottom-strand nick-that is, the fragments 
detected without S1 treatment by means of 
the top-strand probe (lane 5) -can  be used 
to estimate the position of the nicked site 
within the 25-bp sequence. Lanes 1,4, and 
7 in Fig. 3B represent molecular weight 
markers for the fragments immediately sur- 
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rounding the 25-bp sequence either inside 
(Ti and Bi) or outside (To and Bo) this 
sequence (Fig. 3A). One of the m70 AS- 
induced cleavage products migrates just be- 
low the To marker band (compare lane 4 
with lane 5 and lane 7 with lane 8). Since the 
AS-induced band corres~onds to the bot- 
tom strand, and there are four extra bases at 
the Bgl I1 site on this strand, the AS-induced 
cleavage occurs after the third base of the 
25-bp sequence. The smaller AS-induced 
cleavage product migrates at a size corre- 
sponding to 258 or 259 nucleotides. Com- 
parison with the Bi marker (251 nucleo- 
tides) places the AS-induced cleavage after 
the third or fourth base of the 25-bp se- 
quence. 

The product of AS-induced nicking adja- 
cent to the Bgl I1 site (that is, toward the 
outside of the T-DNA border) was electro- 
phoresed alongside a nucleotide sequencing 
ladder corresponding to the same region 
overlapping the 25-bp border sequence to 
position the AS-induced border nick just 
after the third or fourth base of the bottom 
strand of the 25-bp sequence (Fig. 3C). The 
nicked product is smaller (by about two 
bases) than To on this gel (lanes 3 and 4), 
confirming a result suggested by its migra- 
tion in Fig. 3B. The product of AS-induced 
nicking adjacent to the Bgl I site (toward the 
inside of the T-DNA border) has also been 
electrophoresed alongside a nucleotide se- 
quencing ladder of the corresponding re- 
gion to confirm the nick position. 

Because of the experimental design, the 
assignment of the nick site is accurate only 
within one base (or possibly two bases); 
nevertheless, the data suggest that AS induc- 
tion most likely leads to the generation of a 
nick, rather than a gap, in the 25-bp border 
sequence. Interestingly, there is a faint signal 
below the major border cleavage product in 
lane 4 (Fig. 3C). This result suggests that 
the border-nicking enzyme activity may 
sometimes cleave the 25-bp border sequence 
at one or more secondary sites a few bases 
downstream from the maior nick site. Multi- 
ple nick sites have also been observed at the 
origin of transfer (oriT) site which is used 
during F plasmid conjugal DNA transfer 
(15). 

The detection of the AS-induced border 
nick within the 25-bp sequence provides 
important data for Gdersmnding the T- 
DNA transfer process. Recently, experi- 
ments have shown that AS induction leads 
to the generation of a free single-stranded 
linear T-DNA copy, the T-strand, corre- 
sponding to the bottom strand of the T- 
DNA region on the Ti plasmid (10). The T-  
strand has been proposed to be the molecule 
that is transferred and integrated into the 
plant cell chromosome b y  a conjugative 

mechanism. Nicks on the bottom strand of 
the right and left copies of 25-bp border 
sequences on the Ti plasmid would thus 
~rovide sites for the initiation and termina- 
tion of T-strand transfer. 

The 25-bp border sequences have been 
observed to h c t i o n  in a polar, right to left, 
direction (7, 9); reversal of the orientation 
of the right copy of this sequence on the Ti 
plasmid severely restricts tumor formation. 
That the T-strand corresponds to the bot- 
tom strand of the T-region and the T-DNA 
border nicks are also in the bottom strand is 
further support that T-strand synthesis, and 
hence T-DNA transfer, occurs in a right to 
left (5' to 3')  direction. 

AS induction also leads to the production 
offree double-stranded T-DNA circles (4, 5, 
16). Although the frequency of detection of 
these molecules suggests they are not a 
major component of the T-DNA transfer 
process, the presence of nicks at the T-DNA 
borders provides an explanation for their 
occurrence: nicks could lead to the genera- 
tion of T-DNA circles by inducing site- 
specific recombination within the 25-bp se- 
quences (1 0). Furthermore, T-DNA circles 
contain a single copy of the 25-bp border 
sequence, and the nucleotide sequence of 
this junction 25-bp sequence (16) indicates . . 

that recombination must have occurred to 
the right of the third base of the 25-bp 
sequence; the present results on the position 
of the nick site confirm this hypothesis. 

Several T-DNA-plant DNA junctions 
have been analyzed to date (1 7). There is no 
right junction beyond the third base of the 
2%bp sequence; bne junction ends after the 
first base, three junctions after the second 
base, and one junction after the third. On 
the left a larger portion of the 25-bp se- 
quence is included in the integrated T-DNA 
copies; junctions occur after the lst, 7th, 
12th, 15th, or 18th base to include the last 
24, 18, 13, 10, or 7 bases of the 25-bp 
sequence, respectively. These data on the 
ends of the T-DNA following integration 
agree with the positioning of border nicks 
within the 25-bp sequence. The one left 
border that contains 24 of the 25 bases of 
the border repeat may be fortuitous and 
reflect homology to the 25-bp sequence at 
the plant insertion site. 

The generation of nicks at the T-DNA 
borders is probably the first T-DNA-associ- 
ated molecular reaction in the transfer pro- 
cess. Recently, the border endonuclease ac- 
tivity has been identified to be specified by 
the proximal two cistrons of vir D (18, 19). 
 ha; mutants of these genes do not produce 
single-stranded T-strand molecules (19) 
strongly suggests that the border nicks pro- 
vide sites for the generation of the T-DNA 
transfer intermediates. It will be of interest 

to identify the AS-induced proteins involved 
in the later steps of T-strand production and 
to determine precisely how border nicks are 
used in this synthesis. 
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A G1 Glycoprotein Epitope of La Crosse Virus: 
A Determinant of Infection of Aedes tviseviatus 

Arthropod-borne viruses (arboviruses) have specific vector-vertebrate host cycles in 
nature. The molecular basis of restriction of virus replication to a very limited number 
of vector species is unknown, but the present study suggests that-viral attachment 
proteins are important determinants of vector-virus interactions. The principal vector 
of La Crosse (LAC) virus is the mosquito Aedes triseriatw, and LAC virus efficiently 
infects the mosquito when ingested. However, a variant (V22) of LAC virus, which 
was selected bygrowing the-virus in the presence of a monoclonal antibody, was 
markedly restricted in its ability to infect Ae. triseriatw when it was ingested. Only 
15% of the mosquitoes that ingested V22 became infected and 5% of these developed 
disseminated infections. In contrast, 89% of the mosquitoes that ingested LAC became 
infected and 74% developed disseminated infections. When V22 was passed three 
times in mosquitoes by feeding, a revertant virus, V22M3, was obtained that infected 
85% ofAe. tviseriatus ingesting this virus. In addition, V22M3 regained the antigenic 
phenotype and fusion capability of the parent LAC virus. These results suggest that the 
specificity of LAC virus-vector interactions is markedly influenced by the efficiency of 
the fusion function of the G1 envelope glycoprotein operating at the midgut level in 
the arthropod vector. 

A RTHROPOD-BORNE VIRUSES ARE 

typically restricted in their range of 
vector species. This vector specific- 

ity, which is a major feature of arbovirus 
cycles in nature, is dictated in part by the 
biological and behavioral attributes of the 
vector population. The interaction of the 
virus and the vector at the midgut level is 
another major determinant of vector speci- 
ficity. When the virus has been ingested in a 
blood meal, it must first infect the vector's 
midgut epithelial cells. Progeny virus must 
then disseminate from midgut cells into the 
hemocoel, to infect the salivary glands if the 
virus is to be transmitted to further verte- 
brate hosts or to infect the ovaries if the 
virus is to be transovarially transmitted to 
further vectors (1 ) . In nonpermissive vector 
species, arboviruses frequently are incapable 
of infecting the midgut cells (1). The molec- 
ular determinants of this midgut barrier are 
unknown. 

One of the more attractive hypotheses to 

explain the midgut barrier is the presence of 
specific virus receptors on vector midgut 
cells. Virion surface proteins map act as 
ligands and bind to cellular receptors and 
map mediate early steps in infection, such as 
fusion of the viral envelope with cellular 
membranes. There is little direct evidence to 
suggest that such receptors function in vivo 
in the vector midgut; however, Western 
equine encephalomyelitis virus apparently 
penetrates mesenteronal cells by fusion (2). 

We have used LAC virus, the causal agent 
of California (La Crosse) encephalitis, to 
investigate the midgut barrier in Aedes trzier- 
iatus mosquitoes. LAC virus (Bunyaviridae) 
is transmitted mainly by Ae. triseriatus, by 
way of the salivary glands; chipmunks and 
squirrels are the principal vertebrate hosts. 
LAC virus can also be transmitted transovar- 
ially and venereally by Ae. triseriatus (3) .  

The development of monoclonal antibod- 
ies to specific epitopes on the LAC virus G1 
glycoprotein has made it possible to assess 

the role of the major envelope protein in 
midgut infection of Ae. t~seriatus. These 
monoclonal antibodies neutralize LAC virus 
and inhibit hemagglutination, suggesting 
that the G1 protein functions as a ligand for 
cellular receptors (4). These antibodies also 
inhibit the fusion function of LAC virus, 
which is demonstrable at p H  6.2 or lower 
(5). 

A panel of the monoclonal antibodies was 
used-to select from the Darent LAC stock 
virus (a mouse brain preparation, passage 
6) a corresponding series of variant viruses 
that were monoclonal antibody-resistant 
(MAR). A few of the MAR variants showed 
reduced fusion capability and reduced viru- 
lence for mice (5). One such variant, V22, 
showed the greatest reduction in fusion 
efficiency and mouse neuroinvasiveness. We 
investigated the ability of V22 (selected 
with monoclonal antibody 807-22) to infect 
and to replicate in the La Crosse strain of 
Ae, triseriatus, which was originally collected 
in La Crosse, Wisconsin, in 1980. 

Mosquitoes were permitted to ingest 
blood meals composed of equal parts of 
washed human red blood cells, the virus 
preparation, and a mixture of 50% sucrose 
and fetal calf serum. The virus titer in the 
meal preparations ranged from 6.6 to 6.8 
loglo TCIDso per milliliter. After 14 days of 
extrinsic incubation at 24"C, mosquitoes 
were examined by irnmunofluorescence for 
the presence of viral antigen (6). Heads and 
abdomens were severed from mossuitoes 
and squashed on glass slides. After Lation 
in acetone, tissues were stained with mouse 
antibodies to LAC virus conjugated with 
fluorescein isothiocyanate. Detection of vi- 
ral antigen in the abdominal tissues indicat- 
ed that-the virus infected the midgut cells, 
while the presence of viral antigen in head 
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