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A great deal of genetic evidence sug- 
gests that gene rearrangements may be 
involved in regulating the nature of gene 
expression (1-3). Until recently, explor- 
ing this hypothesis has been difficult 
since testing it requires that the DNA 
corresponding to different forms of the 

that they could serve as a source for ge- 
netic regulatory units. Thus, elements of 
a transposon might be recruited by a 
gene system so that some of the proper- 
ties of the transposon would be incorpo- 
rated into the regulatory circuit for spe- 
cific gene expression. McClintock sug- 

Summary. Phase variation in bacteria is regulated by homologous recombination at 
a specific DNA site. This recombinational event causes the inversion of a 970-base- 
pair DNA sequence that includes the promoter necessary for transcription of a fla- 
gellar gene. The invertible segment is flanked by two sites that are necessary for the 
inversion and contains a gene (hin) whose product mediates the inversion event. The 
hin gene shows extensive homology with the TnpR gene carried on the Tn3 trans- 
poson. It is also homologous with the gin gene carried on bacteriophage mu. These 
relationships suggest that the phase variation system may have evolved by the asso- 
ciation of a transposon with a resident gene and the subsequent specialization of 
these elements to regulate flagellar antigen expression. 

gene be isolated and compared. The ad- 
vent of new techniques in gene cloning 
has made it possible to do such experi- 
ments, and has led to the character- 
ization of mobile elements in pro- 
karyotes and eukaryotes. In general, 
these mobile elements or transposons 
have the ability to become associated 
with specific genes and to translocate 
them, as well as to induce various ge- 
netic rearrangements, including in- 
sertions, deletions, and inversions (4, 5). 
McClintock's work in maize (6) sug- 
gested that mobile elements have com- 
ponents that control gene expression and 

gested that these kinds of controlling ele- 
ments are important in regulating cell 
differentiation and development. 

Phase variation in Salmonella (7) fol- 
lows a pattern indicating that it might be 
mediated by a classical controlling ele- 
ment. This system involves the alterna- 
tion of expression of bacterial flagellar 
antigens. There are two genes, called HI 
and H2, that encode the protein flagellin, 
which is the main component of the fa- 
gellar filament. These genes are ex- 
pressed alternatively, and a site adjacent 
to the H2 gene is involved in regulating 
which of the genes is to be expressed. 
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When this site is in the H2 "on" state, 
the H2 gene is expressed and an adjacent 
gene rhl is coordinately expressed. The 
product of the rhl gene acts as a repress- 
or of the HI gene (8). Therefore, only H2 
type flagella are formed. When the con- 
trolling site is in the H2 "off" configura- 
tion, neither the H2 gene nor the rhl 
gene is expressed. The absence of re- 
pressor allows the transcription of the 
HI gene and the cells form HI type fla- 
gella. The controlling event is the in- 
version of a 970-bp (base pair) DNA se- 
quence adjacent to the H2 gene (9) (Fig. 
1). The invertible region contains a pro- 
moter element necessary for the initia- 
tion of transcription of the 1I2 gene (10). 
When this region is in the H2 "on" ori- 
entation, the promoter is connected to 
the H2 gene and transcription can pro- 
ceed. When this region is inverted, the 
promoter is disconnected from the H2 
gene and transcription can occur in the 
opposite direction. Thus, the inversion 
behaves like a flip-flop switch activating 
and inactivating H2 gene transcription. 
Depending on the frequency of switch- 
ing, a fraction of the population ex- 
presses one flagellar antigen while the 
rest of the cells express the other fla- 
gellar antigen. The phase switch provides 
a model for examining the mechanism of 
recombinational regulation of gene ex- 
pression. 

Functional Components of the 

Phase Switch 

The switch can be analyzed by deter- 
mining the nature of the components that 
make it up and the molecular events that 
are involved in the transition from one 
state to the other. At least three com- 
ponents can be defined (11) with genetic 
and molecular techniques. Their relative 
map positions (Fig. 1) include: 
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1) Two sites, IRR and IRL (inverted 
repeat right and inverted repeat left, re- 
spectively), which map at the extreme 
ends of the invertible region. The dele- 
tion of either of these sites completely 
eliminates the ability of the region to in- 
vert. 

2) A function that is essential for in- 
version occupies a genetic map position 
corresponding to two-thirds of the in- 
vertible region. Mutations or deletions 
that map within this function reduce the 
frequency of inversion by four orders of 
magnitude. This is a trans-acting func- 
tion, that is, the defect can be corrected 
by the presence of an intact copy of the 
invertible region, suggesting that it is a 
gene that codes for a polypeptide neces- 
sary for the inversion process. We refer 
to the gene as hin since its product ap- 
pears to be involved in mediating H2 
specific inversion. 

3) A site contained within the in- 
vertible element that maps between the 
hin gene and IRR. Mutations or deletions 
at this site eliminate expression of the H2 
gene, but have no effect on the frequency 
of inversion. This site corresponds to the 
promoter for the H2 gene that is con- 
tained within the inversion region. 

The structural gene for the H2 flagellin 
protein maps at a position outside of the 
invertible region (Fig. 1). Deletions or in- 
sertions in this region eliminate H2 gene 
expression, but have no effect on the fre- 
quency of inversion. 

These functions can be further re- 
solved by determining the DNA base se- 
quence of the invertible region. The 
DNA sequences that roughly correspond 
to each of the genetic functions are sum- 
marized in Fig. 2. We were able to deter- 
mine the base sequence of all four prod- 
ucts carrying the crossover points that 
result from the inversion (12). These se- 
quences indicate that the inversion event 
occurs within the 14-bp inverted repeat 
sequences found at either end of the in- 
vertible region. These sequences must 
correspond at least in part to IRL and 
IRR and they represent the switching 
points. A homologous recombination 
event within these sites would result in 
the inversion of the 970-bp sequence be- 
tween them. Figure 2 also shows the se- 
quence for the hin gene. The data in- 
dicate that the only sequence which can 
be extensively translated corresponds to 
a polypeptide of 189 amino acids. 

The sequence of the structural gene 
for hin starts at a position 75 bp within 
the invertible region. It is possible that 
the promoter that initiates transcription 
for hin could overlap with the inverted 
repeat sequence (IRL). If the hin gene 
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Fig. 1. Analysis of the components of the 
phase variation system. The top two lines 
schematically illustrate the mechanism of 
phase transition. The boxes indicate the in- 
vertible region and the horizontal arrow in- 
dicates the orientation of the DNA sequence. 
The lower line represents a map of the geneti- 
cally defined functions that participate in 
switching. The numbers refer to the nucle- 
otide sequence (Fig. 2). 
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product mediates inversion by binding to 
the IRR and IRL sites, it could also influ- 
ence the rate of its own synthesis, since, 
in either orientation, one of these sites 
would be necessary for transcription of 
the hin gene. Figure 2 also shows the 
DNA sequence corresponding to the be- 
ginning of the H2 gene. The structural 

14 

gene sequence begins 17 bp outside of 
the invertible region. Thus, while the en- 
tire gene is contained outside the in- 
vertible region, the promoter that initi- 
ates transcription for the H2 gene must 
be contained within the invertible region. 
This is consistent with the genetic map 
position specified by deletions that elimi- 
nate gene expression, but leave the H2 
structural gene intact. 

982 995 

A. TTGAAAACCMGGTTTTTGATAAAGCAATCCT ......................TAACATTGGTTATCAAAAACCTTCCAAAAGGA 
AACTTTTGGTTCCAAAAACTATTTCGTTAGGA ATTGTAACCAATAGTTTTTGGAAGGTTTTCCT 

IRL IRR 

B. 
0 1 0 2 0 3.0 40 50 60 70 

qAAGGTTTTGATAAAGCAATCCTCCATGA CGAAAGCGACTAATTCTTCCTTATCTGATGTAAGGAGAAATC 

80 90 100 110 120 130 140 150 

ATG GCT ACT ATT GGG TAT ATT CGG GTG TCA ACA ATT GAC CAA AAT ATC GAT TTA CAG CGT AAT GCG CTT ACT AGT 
IMet Aa Thr I?e Gtiy TyIr le Mg Vat SeA Thr lte Asp Gin ASn ILe Asp Leu Gin Mg AZs Ata Leu T l Sea 

160 170 180 190 200 210 220 

GCA AAT TGT GAC CGC ATT TTT GAA GAC CGT ATC AGT GGC AAG ATT GCA AAC CGC CCC GGC CTG AAA CGG GCG TTA 
Aea Asn CIys Asp Ag Ile Phe Gu Asp AAg Ile SeA GLJ Lys lIe Ata AeAs Arg PRo Gly Leu Lys Ag ea a Lea 

230 240 250 260 270 280 290 300 

AAG TAT GTA AAT AA GGC GAT ACT CTT GTC GTC TGG AAA TTA GAC AGA CTG GGC CGT AGC GTG AAA AAT CTG GTG 
Ly4 Tytl Vat A46n Lys G?y Asp Tha Leu Vat Vat Trp Lyp Leu Asp Ag Leu GyJ AMg SeA Vae Lys Asa Leu Vat 

310 320 330 340 350 360 370 

GCG TTA ATA TCA GAA TTA CAT GAA CGT GGA GCT CAC TTC CAT TCT TTA ACC GAT AGT ATT GAT ACC AGT AGC GCG 
Aea Leu Ile SeA Geu Leu Hi- Gu AMg Gty A&a Hia Phe Hiz SeA Leu Thr Asp SeA Ile Asp T/L SeA SeA AZa 

380 390 400 410 420 430 440 450 

ATG GGG CGA TTC TTT TTT CAT GTA ATG TCA GCA CTG GCC GAG ATG GAG CGA GAA TTA ATC GTC GAG CGA ACC CTT 
Met Gty Atg Phe Plhe Pihe His Vat Met SeA Aa Leu AMa GAu Met Gtu AMg Gtu Leu Ie Vat GAu Arg Th. Leu 

460 470 480 490 500 510 520 
GCC GGA CTG GCT GCC GCC AGA GCG CAA GGA CGA CTG GGA GGG CGC CCT CGG GCG ATC AAC AAA CAT GAA CAG GAA 
Aea Gey LeL Ata Aa At a AMg Aa Gtn GSy Arg Leu Gty GZl Atg Pao Arg Ata Hie Asn Lys Hs G GC& Gu 

530 540 550 560 570 580 590 600 

CAG ATT AGT CGG CTA TTA GAG AAA GGC CAT CCT CGG CAG CAA TTA GCT ATT ATT TTT GGT ATT GGC GTA TCC ACC 
Gin lie SeA AS g Lea Leu Glu Lys Gey His Pt,o Ag Gn2 G.nI Leu AMa lle le Plhe Gty le Giy Vat SeA TIA 

610 620 630 640 650 660 670 680 

VTA TAC AGA TAC TTT CCG GCA AGC AGT ATA AAA AAA CGA ATG AAT TAA AATAAAAATCACAACAGGATGGATATAACATTTTT 
Leu Tytr Ag Tyt Phe Pro AMa Set Sea lte Lifs Lyp A,g M,et Asn END 

C. 

890 900 910 920 930 940 950 960 970 980 

AAATGTTAGATGTAAGCAATTACGGACAGAAAAATAGTAAAGTTTATGCCTCAAGTGTCGATAACCTGGATGACACAGGTAAGCCTGGCATAACATTG 

990 1000 1010 1020 1030 1040 1050 1060 

C(TATCAAAAACCTtCCAAMGGAAAATTTT ATG GCA CAA GTA ATC AAC ACT AAC AGT CTG TCG CTG CTG ACC CAG AAT AAC 
MIet Aea Gti Vae ICe Asit TILL Asil Se Leu Se. Leu Lea TIL Glt Asl Asit 

Fig. 2. The nucleotide sequence of the components of the switch. (A) The nucleotide sequence 
corresponding to the crossover points where inversion occurs. (B) The sequence corresponding 
to the hin gene. (C) The nucleotide sequence corresponding to the H2 gene promoter, IRR, and 
the beginning of the H2 structural gene. Abbreviations; A, adenine; T, thymine; G, guanine; C, 
cytosine; Ala, alanine; Asn, asparagine; Asp, aspartic acid; Arg, arginine; Cys, cysteine; Glu, 
glutamic acid; Gln, glutamine; Gly, glycine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, 
lysine; Met, methionine; Phe, phenylalanine; Pro, proline; Ser, serine; Thr, threonine; Trp, 
tryptophan; Tyr, tyrosine; Val, valine. 
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Polypeptide Product of the hin Gene 

We have used DNA carrying the hin 
gene sequence and mutations in this gene 
to define the nature of the polypeptide 
product of the hin gene. Figure 3 shows 
that an in vitro, coupled transcription- 
translation system is stimulated to syn- 
thesize a 19,000-dalton polypeptide 
when DNA fragments corresponding to 
the invertible region are added. The 
same polypeptide is seen when the sys- 
tem is programmed with plasmids that 
carry the invertible region; however, 
plasmids carrying DNA with deletions in 
the hin gene do not show the 19,000-dal- 
ton polypeptide. In order to examine the 
in vivo product of the hin gene, minicell 
preparations were used. Minicells con- 
taining plasmids that carry the invertible 
region synthesize a 19,000-dalton poly- 
peptide, whereas minicells containing 
plasmids that had deletions, insertions, 
or mutations in the hin gene did not syn- 
thesize the 19,000-dalton polypeptide. 
Furthermore, a naturally occurring vari- 
ant (13), called vH2-, that lacks the abili- 
ty to show phase variation was cloned. 
When DNA carrying the vH2- region is 
used in similar programming experi- 
ments, the 19,000-dalton polypeptide is 
not seen. Using Southern hybridization 
techniques we showed that vH2- corre- 
sponds to a deletion of a 100-bp DNA se- 
quence that maps within the hin gene. 
We conclude that the presence of the 
19,000-dalton polypeptide correlates 
with the presence of a function required 
to mediate the H2 specific inversion 
event. This function is encoded by the 
hin gene. 

Taken together the data give us a pic- 
ture of the minimal number of com- 
ponents involved in the phase controlling 
element. Inversion apparently requires 
at least the presence of the hin gene 
product, the intact IRL and IRR se- 

quences, and the inverted repeat config- 
uration of these sequences. The simplest 
explanation of the data is that a homolo- 
gous recombination event within the in- 
verted repeat sequences allows revers- 
ible inversion to occur. It is not immedi- 
ately clear what factors are involved in 
controlling the frequency of inversion. 
The amount of the hin gene product 
available may be critical and the hin gene 
product may act to repress its own syn- 
thesis. There may be other sequences 
adjacent to IRL and IRR that influence 
the rate of transcription of the hin gene. 
Furthermore, there may be other gene 
products that also affect the rate of hin 
transcription and the frequency of in- 
version. The hin gene product could di- 

rectly mediate the inversion event. On 
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Fig. 3. Polypeptide synthesis directed by 
recombinant plasmids. The synthesis of 
[35S]methionine-labeled polypeptides was 
programmed for a cell-free transcription- 
translation system, with several plasmids, and 
with DNA fragments that carried sequences 
corresponding to the hin gene. The column 
labeled pJZ121 represents a 1.6-kbp DNA 
fragment that includes the sequences that 
correspond to the hin gene. It was prepared by 
digestion of plasmid pJZ121 (9). Plasmids 
pMS8 and pMS19 contain the H2 gene and an 
intact Hin region. Plasmids pMS 14 and pMS1 
contain the H2 gene inserts derived by cloning 
the Hin- region from H2 deletion mutants 
Xfla378 and Xfla381 (11) into plasmid pBR322. 

the other hand, it may behave as a co- 
factor for a more general enzyme speci- 
fied by a gene that is involved in site-spe- 
cific homologous recombination. 

Comparison with Other Site-Specific 

Recombination Systems 

The results of this analysis of the mo- 
lecular basis for phase variation presents 
some interesting questions, for example, 
how this system evolved, and what its 
relationship is to other similar systems. 
In a formal sense, phase variation may 
be classed with other site-specific homol- 

ogous recombination events. Some of 
these events are diagrammed in Fig. 4. 
One system where site-specific inversion 
is known to regulate gene expression is 
the G loop in bacteriophage mu. This ap- 
pears to be analogous to the phase varia- 
tion system. The beta region of the mu 

genome contains a sequence of 3000-bp 
called the G loop, which is known to un- 

dergo inversion (14). There is evidence 

suggesting the presence of inverted re- 

peat sequences at either end of the 3000- 

bp region. The inversion of the G loop is 
mediated by a polypeptide encoded by a 

gene called gin (G inversion) that maps 
adjacent to the invertible region. The in- 
version controls the expression of two 
sets of genes that are required for making 
the polypeptides involved in specifying 
the host range of mu (15). When the G 

loop is in one orientation (G+) the S and 
U polypeptides are synthesized and the 

resulting bacteriophage grow efficiently 
on Escherichia coli K12 as host. When 
the G loop is in the opposite orientation 
(G-), two other genes, S' and U', are 
expressed and the phage now grow effi- 
ciently on Citrobacter or Shigella host 
strains. Other phage have analogous re- 
gions. A 3000-bp invertible loop with a 
great deal of homology to mu has been 
shown to exist in bacteriophage P1 and 
bacteriophage P7. 

It is possible to test whether com- 
ponents of the phase variation system 
that regulated H2 gene expression and 
elements of the G-loop system of bac- 
teriophage mu are related to each other. 
Kutsukake and Iino showed that bac- 
teriophages mu and P1 were able to 
cause phase variation to occur in vH2- 
mutants (16), suggesting that the bac- 
teriophage supplied a function impaired 
by the vH2- mutation. We have also 
shown that lysogens of P1 and mu can 
complement Hin- mutants and restore 
phase variation. Furthermore, Kamp and 
Kahmann (17) found that the presence 
of DNA carrying the hin gene could re- 
store function of Gin- mutants of mu. 
Thus, the hin function of the Salmonella 
phase variation system and the gin func- 
tion of bacteriophage mu must be highly 
homologous. 

We can look for further analogies in 
other systems that involve site-specific 
recombination events. These need not be 
inversions since the configuration of the 
site at which the recombination event oc- 
curs affects the nature of the resulting 
products. Thus, if sites are in the direct 
repeat configuration, a homologous re- 
combination event would lead to a dele- 
tion rather than an inversion. One exam- 
ple of a system where site-specific recom- 
bination between direct repeats occurs is 
the resolution of cointegrate structures 
of Tn3. Transposition appears to involve 
the replication of the transposable ele- 
ment (18), so that a copy is inserted at 
the new site. This reaction is mediated 
by a transposase, the product of the 

TnpA gene carried on the Tn3 trans- 

poson (19). If the transposon is involved 
in mobilizing adjacent genes, the product 
of the transposition event contains two 
directly repeated copies of the trans- 
poson which flank the non-transposon 
DNA (Fig. 4). Such cointegrate struc- 
tures are usually not found with trans- 
poson Tn3 because the transposon con- 
tains a specific site (IRS) and a gene 
(TnpR) that codes for a product that me- 
diates site-specific recombination be- 
tween directly repeated IRS sites (20) re- 
sulting in the resolution of the cointe- 
grate structure (Fig. 4). The entire se- 
quence of the transposon Tn3 has been 

SCIENCE, VOL. 209 



determined (21). The TnpR gene encodes 
a protein that contains 185 amino acids 
and has a number of functions. In addi- 
tion to being involved in the resolution of 
cointegrate structures, it acts as a re- 
pressor of the gene TnpA that codes for 
transposase and it acts as autogenous re- 
pressor to regulate its own synthesis. 

We compared the DNA sequence and 
the putative amino acid sequence of the 
TnpR protein to those of the Hin protein. 
Optimum alignment of the sequence with 
a computer program revealed consid- 
erable homology between the two pro- 
teins; only two small gaps exist in the 
alignment (Fig. 5). It is apparent that 
there is considerable identity between 
the Hin polypeptide and the TnpR poly- 
peptide. In fact, 64 of 185 amino acids 
are identical. Table 1 shows a com- 
parison of a variety of other proteins and 
their degree of amino acid identity estab- 
lished in the same manner. Thus the 
TnpR protein and the Hin polypeptide 
appear to share a common ancestor. We 
have tested Tn3 to see if it will replace 

Table 1. Proteins related by common ancestry and their percent identity. 

Percent Related proteins Percent identity 

Carboxypeptidase A (bovine) Carboxypeptidase B (bovine) 47 
Hemoglobin a chain (human) Hemoglobin , chain (human) 45 
Chymotrypsinogen A (bovine) Trypsinogen (bovine) 42 
Lysozyme (chicken) Lactalbumin (bovine) 35 
t Antigen (SV40) t Antigen (polyoma) 29 
Myoglobin (human) Hemoglobin a chain (human) 28 
Azurin (Pseudomonas aeruginosa) Plastocyanin (spinach) 24 
a Lytic protease (Myxobacter) Chymotrypsinogen A (bovine) 18 
Hin (Salmonella typhimurium) TnpR (Tn3) 36 

hin function, but we could not detect a 
TnpR-mediated H-loop inversion. There 
is another transposon, gamma-delta, 
found in E. coli, that is highly homolo- 
gous to Tn3. The DNA sequence of the 
gene in gamma-delta that corresponds to 
the TnpR gene of Tn3 has been deter- 
mined (22). When the amino acid se- 
quence of this gene is compared to that 
of TnpR, 90 percent of the amino acids 
are identical for three-quarters of the 
protein starting from the NH2-terminal 

end. The last quarter of the protein 
shows only 50 percent identity. A similar 
pattern is found in the comparison of the 
TnpR protein and the Hin protein where, 
from the NH2-terminal, the first three- 
quarters of the polypeptide has 44 per- 
cent identity while the last quarter has 
only 26 percent identity. We conclude 
that, while TnpR may not have sufficient 
homology with hin to replace it function- 
ally, nevertheless the two polypeptides 
are related. 
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Fig. 4 (left). Systems in which site-specific recombination occurs. (A) Resolution of Tn3 cointegrate structure. The Tn3 cointegrate is shown on 
the left. This structure can be formed as a result of transposition. Thus, for example, if Tn3 initially associated with a plasmid (wavy line) 
transposes onto the genome (straight line) the resulting structure has two directly repeated copies of the Tn3 flanking the plasmid DNA. The 
resolution products of this structure are shown on the right. (B) The integration and excision of bacteriophage lambda (wavy line) from a specific 
attachment site (att) on the bacterial genome. (C) The inversion of the G loop in bacteriophage mu. (D) The H loop in the phase variation 
system. Fig. 5 (right). Amino acid similarities between the TnpR polypeptide and the Hin polypeptide sequence. The amino acid sequence of 
the Hin protein is shown on top and the TnpR sequence below it. Amino acid identities are marked by the boxes enclosing the amino acids in the 
two proteins. One-letter abbreviations for the amino acid residues indicated are: A, alanine; R, arginine; N, asparagine; D, aspartic acid; C, 
cysteine; Q, glutamine; E, glutamic acid; G, glycine; H, histidine; I, isoleucine; L, leucine; K, lysine; M, methionine; F, phenylalanine; P, 
proline; S, serine; T, threonine; W, tryptophan; Y, tyrosine; V, valine. 
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Integration and excision of bacterio- 
phage lambda also involves a site-specif- 
ic recombinational event (Fig. 4). The 
core sequences at the lambda attachment 
site and in the corresponding sequences 
in the phage itself, bear marked similar- 
ities to the inverted repeat sequence in 
the phase variation system of Salmonella 
(12). We therefore compared the amino 
acid sequence of the Hin protein to that 
of the polypeptide corresponding to the 
int andxis genes. Together with host de- 
termined factors, these gene products 
mediate the integration and excision of 
bacteriophage lambda. We could find no 
significant similarity between the hin 
polypeptide sequence and the int and xis 
polypeptide sequence (23). Some of the 
factors determined by host genes that are 
necessary for integration, for example, 
the him A factor could be homologous to 
hin gene product. On the other hand, 
these two systems may not be directly 
related. There are probably a number of 
different families of sites and corre- 
sponding polypeptides that catalyze site- 
specific recombination. Parts of these 
systems could interact or they may be to- 
tally independent of each other. 

From the point of view of the evolu- 
tion of controlling elements, it is clear 
that there is a relationship between Tn3, 
bacteriophage mu, and the phase varia- 
tion system. It has been suggested that 
there are similarities between the trans- 
posase genes specified by the TnpA gene 
in Tn3 and the A and B genes required 
for the transposition of bacteriophage 
mu (21). One might imagine that bacterio- 
phage mu could have arisen from the in- 
sertion of a temperate phage genome into 
a site between the TnpA and TnpR genes 
of an ancestral Tn3. In fact, several sce- 
narios are possible. 

Phase variation appears to have 
evolved as the result of interchanges be- 
tween mobile elements and resident 

genes. Site-specific recombination func- 
tions associated with transposons and 
perhaps viruses have been recruited to 
allow a new kind of regulatory mecha- 
nism that increases the diversity of fla- 
gellar antigen types and presumably pro- 
vides survival value to the bacterial colo- 
ny. These functions may still retain the 
ability to interact with other controlling 
elements, and there may be other regula- 
tory units that are coordinated with the 
phase switch (6). These kinds of mecha- 
nisms could be useful in aiding bacteria 
to adapt to new environments and to in- 
teract with a variety of surfaces. 

Recent studies of the structure of 
transposons and some viruses in eu- 
karyotic systems indicate that they bear 
structural and functional similarities to 
bacterial transposons. Functions related 
to these mobile elements may also be 
found to be associated with specific re- 
combinational events that affect gene ex- 
pression in eukaryotes. In this regard, it 
may be more than coincidental that there 
is marked similarity between the se- 
quences found at the switching points in 
the phase variation system 

956 
CACAGGT . . . 23 nucleotide gap . . . 

985 
TCAAAAACC 

as shown in Fig. 2 and the sequence at 
the point where site-specific recombina- 
tion occurs to join the V and J regions in 
the formation of immunoglobulins (24) 

CACAGTG... 23 nucleotide gap... 
ACAAAAACC 

These kinds of similarities may underlie 
some basic requirement for the physical 
association of DNA strands with each 
other or with proteins involved in site- 
specific recombination events. 

The techniques and materials now 
available should allow us to determine 

the biochemical nature of the com- 
ponents involved in site-specific recom- 
bination events. Comparisons with other 
systems should yield further information 
about both the regulation of these events 
and the role that recombinational pro- 
cesses play in regulating gene ex- 
pression, cell differentiation, and devel- 
opment. 
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