
sp3 and sp bonding characters. 
The 27-GPa Raman spectrum is charac- 

teristic of graphite which is relatively well 
ordered, especially for shock-synthesized 
material. The crystal planar domain size, La, 
is estimated to be about 100 A, based on the 
relative intensities of the 1355, 1580, and 
2710 cm-' bands (19). This dimension 
corresponds to a graphitic sheet of 5 to 10 
planar-reconstructed C,, molecules. The 
peak mean bulk temperature 600°C is sub- 
stantially lower than typical graphite anneal- 
ing temperatures of 2000" to 3000°C (20). 
Thus, the graphite is formed primarily by 
high pressure. However, strong heteroge- 
neous shock-heating near pores may assist 
the graphite formation. The temperatures 
during or after the unloading processes are 
too low for forming ordered graphite. In- 
creasing disorder in the graphite products, 
as pressure and temperature increase, is in 
marked contrast to conventional thermal 
annealing effects on graphite (20). 

The synthesis of graphite near 17 GPa is 
consistent with the static pressure results. 
The C,, ball is extremely incompressible and 
its molecular structure essentially remains 
unchanged at moderately high pressures. 
However, the center to center distance be- 
tween nearest neighbor C,, molecules col- 
lapses from 10.0 A at ambient pressure to 
7.82 A at 17 GPa (3) ,  which is comparable 
to the C,, diameter 7.1 A (1). Interfidlerene 
C-C distances at 17 GPa are, then, expected 
to be close to the G--C bond length in C,, 
and in graphite (21). Under these circurn- 
stances graphite can be formed through 
T-electron rehybridization (a fast process) 
without involving a great deal of atomic 
rearrangement (a slow diffusive process). 
That is, when the distance between C atoms 
on adjacent fullerenes approaches the C-C 
separation within a fullerene, bonding ar- 
rangements probably change from intra- 
fullerene to interfdlerene in such a way as to 
collapse balls into planar graphite. ~ i s t  re- 
orientation of electronic bonds is, thus, ex- 
pected to enable this reconstructive phase 
transformation on a submicrosecond time 
scale. 

As shown in Fig. 1, the P-T paths of C,, 
shocked below 30 GPa remain in a region 
where the graphite phase is metastable. At 
higher shock pressures the sample is driven 
above the graphite-diamond kinetic line, 
where graphite transforms directly to dia- 
mond on a fast (microsecond) time scale 
(22). However, recovery of diamond de- 
pends strongly on thermal path, nucleation 
and growth kinetics, and thermal quench 
rates (22). Thus, diamond probably formed 
during compression in the 100-GPa range at 
temperatures above 3000 K, but reverted to 
amorphous carbon during pressure release 

because of an insufficient thermal quench 
rate. 

REFERENCES AND NOTES 

1. H. W. Kroto, J. R. Heath, S. C. O'Brien, R. F. Curl, 
R. E. Smalley, Nature 318, 162 (1985); W. 
Kratschmer, L. D. Lamb, K. Fostiropoulos, D. R. 
Huffmann, ibid. 347, 354 (1990). 

2. H .  Kroto, Science 242, 1139 (1988); T. G. Schnalz, 
W. A. Seia, D. J. Klein, G. E. Hite, J. A m .  Chem. 
SOC. 110, 1113 (1988). 

3. S. J. Duclos, K. Brister, R. C. Haddon, A. R. 
Kortan, F. A. Thiel, Nature 351, 380 (1991). 

4. Q.-Z. Zhang, J.-Y. Yi, J. Bernholc, Phys. Rev.  Lett. 
66, 2633 (1991). 

5. K.-A. Wang et al . ,  Phys. Rev.  B ,  in press. 
6. E. Edelson, Popular Science 239, 52 (August 1991); 

A. F. Hebard et a l . ,  Nature 350, 600 (1991); M. S. 
Dresselhaus and G. Dresselhaus, a private commu- 
nication. 

7. R. M. Fleming et al.,  Bull. A m .  Phys. Soc. 36, 352 
(1991). 

8. H. Hirai and K. I. Kondo, Science 253,772 (1991). 
9. W. Utsumi and T. Yagi, ibid. 252, 1542 (1991). 

10. C. Maihiot and A. K. McMahan, in preparation. 
11. D. J. Erskine and W. J. Nebs, Nature 349, 317 

(1991); P. S. DeCarli and J. C. Jamieson, Science 
133, 1821 (1961). 

12. The C6, powder was obtained from Research Co. 
(Golden, CO). It contains approximately 85% of 
C6, and 15% of C,, based on mass spectrographic 
analysis. The presence of 15% of C,, is expected to 
have a weak effect on the results because of the 
disordered fluid-like nature of powder specimens. 

13. For the experiments at 70 and 110 GPa the C6, 
powder is sandwiched between millimeter-thick Cu 
plates. This sample assembly is then loaded in a 
stainless steel recovery capsule and a maraging steel 
fixture. 

14. J. J. Neumeier et al . ,  High Pressure Res. 1, 267 
(1989). 

15. A one-dimensional Lagrangian wave propagation 
program POT (Projectile On Target) is used in the 
calculation. This program was originally developed 
by G. E. Duvall. 

16. W. H. Gust, Phys. Rev.  B22, 4744 (1980). 
17. M. van Thiel and F. H. Ree, Int. J. Thermophys. 10, 

227 (1989). 

18. M. van Thiel, F. H. Ree, R. Grover, in Shock Waves 
in Condensed Matter, S. C. Schmidt and N. C. 
Holmes, Eds. (Elsevier, New York, 1988), pp. 
81-84. 

19. D. S. Knight and W. B. White, J. Mat.  Res. 4, 385 
(1989); R. J. Nemanich and S. A. Solin, Phys. Rev.  
B20, 392 (1979); D. S. Bethune et al . ,  Chem. Phys. 
Lett. 179, 181 (1991); also see K. A. Wang et al. 
(5). 

20. Graphitization of carbon typically occurs by an 
annealing process at high temperatures of 2000" to 
3000°C, and the better ordered graphite is formed at 
the higher annealing temperatures. The 27-GPa 
Raman spectrum in Fig. 2 is similar to that of 
graphite annealed at 2200°C or above, reported in 
the references: R. Vidano and D. B. Fischbach, J. 
A m .  Ceramic Soc. 61, 13 (1978); P. Lespade, A. 
Marchand, M. Couzi, F. Cruege, Carbon 22, 375 
(1984); Y. Hishiyama, M. Inagaki, S. Kimura, S. 
Yamada, ibid. 12, 249 (1974). 

21. The bond length changes in the sp2 type bonds are 
typically less than a few percent at the pressure of 20 
GPa. It may well be applied to a case of C,,. 
Assuming 2% reduction in the bond len 
C,,, the ball diameter is estimated to be 6.35 f" at 17 Of 

GPa. The interatomic C C  distances are then 1.51 
A, which is similar to the C=C bond lengths in C6, 
(two bond lengths in the C6, cluster are 1.46 A and 
1.40 A) and in graphite (the length in the plane 
is 1.42 A). Furthermore, it is expected that 2% 
reduction in the CkC bonds in C6, at 17 GPa may 
represent an upper limit. 

22. F. P. Bundy, J. Geophys. Res. 85, 6930 (1980); A. 
V. Kurdyumov, N. F. Ostrovskaya, A. N. Pily- 
ankevich, Sov.  Powder Metal. Met. Ceram. 27, 32 
(1988); A. M. Staver, N. V. Gubareva, A. I. 
Lyamkin, E. A. Peaov, Sov.  Combustion Explosion 
Shock Waves 20, 567 (1980); also see (11). 

23. We are pleased to acknowledge the contributions of 
N. Hinsey and W. Brocious for technical assistance 
and gun operations. We thank H. Cynn at UCLA 
for numerous discussions about C,, and N. C. 
Holmes, M. van Thiel, and F. H. Ree at LLNL for 
discussions about thermal properties of carbon. This 
work was performed under the auspices of the U.S. 
Department of Energy by Lawrence Livermore Na- 
tional Laboratory under contract number W-7405- 
ENG-48. 

17 September 1991; accepted 28 October 1991 

Symbiont Recognition and Subsequent Morphogenesis 
as Early Events in an Animal-Bacterial Mutualism 

Bacterial colonization of the developing light organ of the squid Euprymna scolopes is 
shown to be highly specific, with the establishment of a successful association resulting 
only when the juvenile host is exposed to seawater containing one of a subset of Vibrio 

jischeri strains. Before a symbiotic infection the organ has elaborate epithelial struc- 
tures covered with cilia and microvilli that are involved in the transfer of bacteria to the 
incipient symbiotic tissue. These structures regressed within days following infection; 
however, they were retained in uninfected animals, suggesting that the initiation of 
symbiosis influences, and is perhaps a prerequisite for, the normal developmental 
program of the juvenile host. 

B ENEFICIAL ASSOCIATIONS WITH SPE- morphogenesis, in developing anirnal-bacte- 
cific bacterial symbionts characterize rial mutualisms have remained remarkably 
many, if not all, animal species. Yet undescribed. The light organ symbiosis be- 

the mechanisms that determine recognition tween the squid E. scolopes and its monospe- 
and specificity, or that control subsequent cific cu~turhof the luminous bacterium I/. 

fischeri exhibits experimental advantages not 

Department of Biological Sciences, University of South- found in studied animal- 
ern California, Los Angeles, California 90089-0371. bacterial mutualisms. Specifically, the host 
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Fig. 1. Route of the infecting bacterial symbionts into light organ tissue. (A) V e n a l  view of one half 
ofthe juvenile light organ. Each of the two epithelial muctures initially bcars three pores, two of which 
(arrows) are visible in this xanning ekcaon micrograph (17). Scale bar, 50 v. (8) Cross section of 
the uninfecrrd juvenile light organ. Each pore leads to one of three epithelial cell-lined lacunae on each 
side of the light organ. In the midxted organ, thcse lacunae appear as empty sacs. Scale bar, 25- pm. 
(C) Cross section of the infected juvenile light organ. Wlthin 24 hours of inoculation, symbiotic 
luminous bacteria have entered and begun to grow within the light organ, densely colonizing the 
lacunae (16, 17). &ale bar, 8 pm. B, bacteria; E, host epithelial cells; i, ink sac; L, lacuna; and P, pore. 

has been sucessfidly reared axenically under 
laboratory conditions (1, 2), and its lumi- 
nous bacterial symbiont is a well-described 
and easily cultured species (3). These prop- 
emes permit the experimentally controlled 
study of critical events in the establishment 
and maintenance of a symbiotic infection. 

The mantle cavity of the adult E. scolopes 
contains a large, bilobed, light-emitting or- 
gan (4) in which is maintained about lo7 
cells of V. fiwheri, a common species of 
luminous bacteria, related to such important 
animal-associated pathogens as V. cholerae 
and V. parahemolyticus (5). The animal uses 
a number of differentiated tissue types (4) 
i n d u d !  a reflector, a muscle-derived lens, 
and a movable shutter, to modify the light 
emission during behavioral displays. This 
remarkably complex structure develops from 
a small rudiment in the center of the mantle 
cavity of a newly hatched squid. The rudi- 
ment is different h m  the adult organ in two 
important ways. First, it is free of symbiotic 
bacteria, which must be obtained anew by 
each juvenile host (2). Second, the rudiment 
bears a distinct structure on each of its lateral 
surfaces that facilitates the bacterial inocula- 
tion. Each structure consists of a large area 
of &rentiated epithelial cdls with a pair of 
anterior and posterior extensions that pro- 
ject into the mantle cavity. The entire struc- 
ture is covered with a field of cilia and 
microvilli. Three pores occur at the base of 
each structure, and each pore (Fig. 1A) is an 
opening to a cilia-lined duct that leads into 
an interior, epithelium-lined space, or lacu- 
na, within the incipient light organ (Fig. 
1B). 

Vibriojischeti cells with the potential of 
infectin% the lacunae are present in the sea- 
water of the squid's habitat at an apparent 
concentration of less than 100 cellsIml (6). 
Thus, as this seawater is pumped through 

the mantle cavity during normal ventilation, 
the squid must facilitate the passage of at 
least one (or more) symbiosis-competent 
bacterium through the pores on the surface 
of the incipient light organ. This process is 
enhanced by the position of the organ, 
which occu~ies much of the volume of the 
funnel, theaexit pathway fbr water leaving 
the mantle cavity. Further, the tips of the 
two ciliated, microvillous structures on each 
side of the organ come in close contact 
forming a hollow "ring" of tissue, with the 
entry pores located at the inside of the 
"rin&."~i~h-speed cinematography revealed 
that the effective beat of the cilia causes 
entrainment of the symbiont-containing wa- 
ter through this "ring" (7). This behavior can 
be expected to & the probability that 
bacteria will approach and enter the pores 
and, if they are symbiosis-competent, p r e  
ducc the 'ypical Confined, benign infe&on 
that fills the lacunae (Fig. 1C). 

Experimental manipulations of the infec- 
tion process have shown it to be rapid and 

Fig. 2. Onset and development ofsymbiotic light 
emission by juvenile E. wobpes squids exposed to 
digerent seawater suspensions. Newly hatched, 
axenic animals were rinsed in filter-smilizad sea- 
water, and placed in a small vial containing 5 ml 
of either sterile seawater (A) or sterile seawater to 
which was added (per milliliter) lo3 cells of the 
following V. fiftcheri isolates (15): symbiotic 
strains obtained froar the light organs of speci- 
mens of E. wolopes (0) and E. monei (0), or a 
free-living strain isolated directly from Hawaiian 
seawater (A). Other juvenile squid were, after 
rinsing, placed in vials containing coastal seawater 
either from Hawaii (0) or from Southern Cali- 
fornia (.). Each squid was exposed C O ~ M U O U S ~ ~  

to its test inoculum for 12 hours, then r i n d  
several times with, and resuspended in, sterile 
seawater. Bioluminescence of the animal was 
monitored periodically by placing its vial in a light 
(PMT) (3). Background dark current of the PMT: 

Table 1. Luminous bacterial strains capabk of 
initiating a symbiosis in the juvenile E. wolopa 
light organ. Individual axenic squids (kss than 
24 hours post-hatch) were placed in vials 
containing 5 ml of filter-sterilized seawater to 
which the test bacterial strain (15) was added at 
a h a l  density of about lo3 cells per milliliter. 
After exposure to the inoculum for 12 hours at 
25°C the squid was rinsed several times with, 
and subsequently maintained in, sterile seawater. 
A successful infection was judged by several 
criteria: the induction of symbiotic light 
emission by the squid (as shown in Fig. 2) and 
the presence of at kast lo5 cells of the 
h d a ~ g  strain in light organ homogenates 
(16). In addition, representative animals from 
each group were examined for histological 
evidence of bacterial colonization of the 
developing hght organ (as shown in Fig. 1C). 

species Animals 
infxted 

V.ficrheri, symbiotic strains isolated 
from: 

E. wolopes (5)* 
E. monei (4) 
M. japoninrr (2) 

V. fisrheri, seawater strains isolated 
h m :  

Kaneohe Bay, Hawaii (8) 
Santa Monica Bay, California (6) 

v. logei (3) 
v. hfqi (3) 
V. vulni jks  (1) 
P. l e i p th i  (4) 
P. phosphoreurn (3) 

.*Numbers in p""thcscs arc the number of diffacnt 
strains tested. 

highly specific. Newly hatched squids failed 
to develop the capacity to emit biolumines- 
cence when placed in filter-sterilized seawa- 
ter (Fig. 2), even after an incubation of 10 
days or more. However, placing juvenile 
squids in water to which had bem added 
(per milliliter) lo3 cells of certain strains of 
V. fiwheri resulted in detectable light emis- 
sion from the animal after 8 to 12 hours. 
The intensity of symbiotic luminescence in- 

Houn after InocuMlon 

:-ti t chamber containing a photomultiplier tube P 10 quanta per minute. 
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Flg. 3. Dtvelopmental program of the ciliated, microvillous epithelial tissue on the light organ of the 
jwenile squid. (A) At the time of hatching, the tissue occurs as elaborate bilateral structures on the 
stdice of the incipient light organ. H, hindgut. (B) A S-day-old jwenile squid that had been i n f d  
with symbionts immediately upon hatching. Much of the epithelial extensions are no longer apparent. 
(C) An 18-day-old symbiotic juvenile squid. (D) A 5-day-old minodated squid. All plans arc at the 
Same magnification; representative scale bar, 100 pm (17). 

creased at an exponential rate, reaching a p  
proximately 1@ times background levels 
within about 18 hours. This increase in light 
emission was paralleled by a rapid rise in 
bacterial numbers within- the organ, a p  
proaching about lo5 to 1@ cells after 24 
hours. Such rapid growth, combined with a 
thousand-fold induction in the s d c  ac- 
tivity of ~ucif- (31, the bacterik enzyme 
responsible for light emission, enabled the 
squid to produce within hours the visible 
l e d  of light emission characteristic of the 
symbiosis. 

Most V. ficcheri tested were competent 
symbionts (Fig. 2 and Table l),  including 
strains isolated from the light organs of 
adult E. scolopes, or the related squid, E. 
morsei (8), and two strains recently'isolated 
from the light organs of specimens of the 
symbiotically bioluminescent fish, Momen- 
his japonicus (9). In addition, V. &heti 
strains isolated direaly from seawater col- 
lected from the habitat in which E. scolopes 
are found (Kaneohe Bay, Hawaii) were ca- 
pable of initiating symbiosis. Interestingly, 
some strains of V. ficheri, such as those 
isolated from Santa Monica Bay, Califbrnia, 
were unable to colonize the- light organ 
(Table 1). These d t s  suggest that impor- 
tant symbiotic determinants may not be 
present in all strains of ~ . f i h e r i . -  

The inability to initiate a symbiosis also 
extended to other species of luminous bac- 
teria, including & of V. haneyi and 

Photobacterium le-thi that were isolated 
from seawater collected in the squid's natu- 
ral habitat (9). Thus, even species of lumi- 
nous bacteria that co-occur with, and are at 
least as abundant as (6), symbiosisampe- 
tent V. ficcheri and that are found as sym- 
bionts in the light organs of other marine 
squids and fishes (lo), cannot colonize E. 
scolopes. 

Wh- a symbiotic association could be 
achieved by exposing hatchlings to near- 
shore seawater from their native Hawaiian 
habitat (Fig. 2), no successful infection re- 
sulted after exposure to seawater from coast- 
al Southern W o r n i a  (Table 1). However, 
addition of symbiosis-competent bacteria to 
California seawater d t e d  in a typical in- 
fecton process that was indistinguishable 
from that occurring with native Hawaiian 
seawater. Thus, the juvenile squid not only 
can select the appropriate species (and 
strain) of bacterium fkom the myriad of 
&rent bacteria present in natural seawa- 
ter, but also can success111y resist nonspe- 
cific colonization when the ambient water 
does not contain the correct symbiotic 
strain. These rekults argue against a prevail- 
ing theory that the mechanism by which 
specificity is achieved in light organ symbi- 
oses is based primarily on the distinct phys- 
iological &rences that exist between the 
species of luminous bacteria (11). Instead, 
these data provide the Grst evidence that a 
rapidly expressed mechanism, perhaps re- 

quiring the presence of symbiosis genes 
encoding a specific surface receptor or other 
signal f- (12), may be &ponsible for 
initiating species (and strain) specificity in 
light organ symbioses. 

As in most animal-bacterial associations 
(13), the primary interaction in the E. scol- 
opes-V. ficcheri symbiosis occurs between 
the baaerium i d  the host's epithelium. 
Morphological data indicate that the initia- 
tion of this symbiosis is not only mediated 
by, but also &kts the develop&ent of, the 
super6cia1, epithelial structures of the juve- 
nile light organ (Fig. 3A). As early as the 
third dav after inoculation of the lieht or- 
gan, thiciliated, microvillous surfa& that 
project into the mantle cavity were nearly 
absent (Fig. 3B). By 18 days the entire 
structure had complekly disappeared (Fig. 
3C), leaving only the single, lateral, ciliated 
pore that persists in the adult light organ 
condition (4). In contrast to this normal 
symbiotic pattern of development, the com- 
plete structure was retained by 5-day-old 
&inoculated juveniles that were main&ed 
after hatching either in sterile seawater or in 
natural seawater containing symbiosis-in- 
competent strains of V. ficcheri (Fig. 3D). 
Thus, the presence of symbiotic bacteria 
appears to signal further development and 
maturation of the light organ. In addition, 
such observations s@gest-that these struc- 
tures are crucial specifically during the inoc- 
ulation of the light organ, which would 
render them the dy known example, in 
either animal or plant symbioses, of a tissue 
whose sole apparent function is to hcilitate 
initiation of &e association. 

Animal developmental biology, whik typ- 
ically conamed with the essential processes 
of &rential control of gene expre&on and 
signalling between developing cells of a single 
organism, must also be concerned with the 
f m  that, in nature, organisms often develop 
normally only in the presence of associated 
microorgankms. For example, metabolic 
products and regulatory compounds encoded 
by the symbiont genome are required fbr 
normal post-embryonic development of the 
sexual organs in some insects and of epithelial 
tissue and the immune response in vertebrates 
(14). The squid-luminous bacteria symbiosis 
is an emerging experimental system that 
makes accessible the studv of how such asso- 
ciations with microorganisms are integrated 
into the general developmental program of an 
animal. 
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Selective Cleavage of Human DNA: RecA-Assisted 
Restriction Endonuclease (RARE) Cleavage 

Current methods for sequence-specific cleavage of large segments of DNA are severely 
limited because of the paucity of possible cleavage sites. A method is described whereby 
any Eco RI site can be targeted for specific cleavage. The technique is based-on the 
ability of RecA protein from Escherichia coli to pair an oligonucleotide to its 
homologous sequence in duplex DNA and to form a three-stranded complex. This 
complex is protected from Eco RI methylase; after methylation and RecA protein 
removal, Eco RI reitriction enzyme cleavage was limited to the site previously 
protected from methylation. When pairs of oligonucleotides are used, a specific 
fragment can be cleaved out of genomes. The method was tested on A phage, 
Escherichia coli, and human DNA. Fragments exceeding 500 kilobases in length and 
yields exceeding 80 percent could be obtained. 

APPING LARGE GENOMES WOULD 

be greatly simplified and acceler- 
ated by development of a facile 

method to perform sequence-specific cleav- 
age of DNA. In previous attempts to per- 
form sequence-specific cleavage of genomic 
DNA, essentially two independent strategies 
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have been followed. The first strategy used 
the ability of synthetic homopyrimidine oli- 
gonucleotides to anneal to duplex homopy- 
rimidine-homopurine tracts to form triple- 
helical structures and has been used by 
several investigators to cleave genomes as 
large as Saccharomyces cerevisiae. This ap- 
proach was first used by Moser and Dervan 
(1) to cleave a plasmid by equipping the 
oligonucleotide with an EDTA-Fe cleavage 
moiety. Subsequently, other cleavage moi- 
eties were attached to homopyrimidine oli- 

gonucleotides (4, or guanine-rich oligonu- 
cleotides (3). The main disadvantage of this 
targeting approach is that only homopyrimi- 
dine or guanine-rich oligonucleotides have 
been used successhlly. In a second strategy, 
Szybalski and co-workers cleaved S.  cerevi- 
siae and E. coli genomes at a single intro- 
duced lac operator site ( 4 ) .  They first meth- 
ylated Hae I1 sites in the DNA by using the 
lac repressor to protect a Hae I1 site within 
the lac operator from methylation. After 
removal of the methylase and the repressor, 
the only Hae I1 site unmodified and avail- 
able for cleavage was in the lac operator. The 
advantages of this approach were the high 
yield and the high specificity. The main 
disadvantage was that only a lac operator site 
could be cleaved, although the method has 
been extended to oligopyrimidine-binding 
sites (5) .  

In designing a general and efficient meth- 
od to perform sequence-specific cleavage 
and targeting of genomic DNA, we have 
attempted to exploit the advantages of the 
first two strategies while avoiding the disad- 
vantages. We have used the ability of recom- 
binases to pair any oligonucleotide with its 
homologous duplex to form a three-strand- 
ed complex. This allows specific targeting of 
any desired sequence. 

Recent work has established that recom- 
binases such as the RecA protein can hybrid- 
ize a single strand of any sequence to an 
intact duplex to form a novel DNA triplex in 
which the third strand may include both 
purines and pyrimidines (6, 7). For reasons 
that at this point are not clear, the protein- 
free structures that we have described can 
only be formed in good yields on the ends of 
duplexes (6). Recently, however, we have 
established that related (but not necessarily 
identical) structures coated with RecA pro- 
tein can be formed and isolated in which the 
pairing need not be at an end of the duplex. 
In these structures a single strand as short as 
an oligonucleotide 15 bases long can be 
targeted to a homologous duplex (8). Fur- 
thermore, these complexes are resistant to 

DNA with Eco RI sites - - * * * * 1 Bind R;CA protei: and 
- 

4 oligonucleotide 
4 - - - 

* * I  * * - 
1 Add methylase - N 

w x x  T x  x x - 
Remove proteins and oligo- 
nucleotide and digest with Eco RI - 1 - 

X X - 
Fig. 1 .  Schematic of the strategy used for se- 
quence-specific cleavage of DNA. An explanation 
is given in the text. This diagram shows cleavage 
at a single site, but a pair of oligonucleotides can 
be used to generate a DNA fragment. 1. , Eco RI 
site; X, methylated Eco RI site, and -3€?+3-, 
RecA protein with an oligonucleotide. 

SCIENCE, VOL. 254 




