
essentially unchanged. Similarly, B1 and 
F2  turn by 87", while B2 and F1 remain 
unchanged. The rest of the molecules, 
including the pairs C, D, G, and H,  are 
essentially unaffected, none exhibiting 
rotation of the steroid nucleus by more 
than 4". There is little change in any of 
the side chains, except those of C2 and 
G I ,  whose conformation changes from 
gauche-trans to  the energetically more 
stable (16) trans-trans and whose termi- 
nal isopropyl groups become disordered. 

The mechanism of the transition can 
be understood by considering intermo- 
lecular packing contacts made by the 
rotated and unrotated molecules and by 
the side chains of molecules C and G ,  
Molecule C in the room-temperature and 
C1 in the body-temperature form have 
the energetically unfavorable gauche- 
trans side chain conformation. 'This is a 
consequence of crowding by their neigh- 
bor molecules B, notably by the methyl 
group (C21) at the base of the side chain 
(Fig. 1). Rotation of B1 allows the side 
chain of C2 to extend to trans-trans. 
However, the rotated B1 interferes with 
molecule A in its room-temperature ori- 
entation; this interference is, in turn, 
relieved by the rotation of A l .  Of the 
eight possible combinations for the three 
molecules: 

C:  gauche-trans (Cl)  o r  
trans-trans (C2) 

B: rotated (Bl) or unrotated (B2) 

A: rotated (Al) or unrotated (A2) 

only the two actually present, namely 
C1, B2, A2 and C2, B1, A l ,  give accept- 
able intermolecular packing. It is note- 
worthy that neither combination inter- 
feres with molecule D,  which explains 
why this molecule remains unaffected. 
By the pseudosymmetry present in the 
structure (see below), the same mecha- 
nism applies to  molecules G, F, and E .  
The ability of molecules to  turn about 
their long axes without disrupting the 
overall crystalline packing and the multi- 
tude of different lateral packing contacts 
exhibited by the steroid nuclei (Fig. 1, 
end views) support a biomembrane mod- 
el involving random, relatively nonspe- 
cific lateral interactions (9). 

Closely obeyed rotational or transla- 
tional pseudosymmetry exists in the 
crystal structure of the anhydrous room- 
temperature form (14), as  well as  in the 
monohydrate (17) and the hemiethaqol- 
ate (18) of cholesterol. The molecular 
reorientations and the onset of side chain 
disorder in the phase transition are all 
related by one set of twofold pseudo- 
screw axes present in the anhydrous 
room-temperature form (Fig. 1) .  The re- 
sult is that every other axis of pseudo- 

symmetry is preserved in the transition, 
while every other one is destroyed. The 
preserved axes are very closely obeyed. 
A rotation of 180.3" about an axis a t  the 
center of the diagram (Fig. 1, top), al- 
most parallel to  c, accompanied by a 
translation of approximately c14 super- 
poses the 224 atoms of the left half of 
the cell (molecules B1, A l ,  . . . , D2, C2) 
onto the right half (molecules F2, E2, 
. . . , HI ,  GI)  with a mean atom-atom 
misfit of only 0.3 A, side chains includ- 
ed. 

LEH-YEH HSU 
C. E .  NORDMAN 

Department of Chemistry, University of 
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High-Efficiency Ligation and Recombination of 
DNA Fragments by Vertebrate Cells 

Abstract. DNA-mediated gene transfer (transfection) is used to  introduce specijic 
genes into vertebrate cells. Events soon after transfection were quantitatively 
analyzed by determining the infectivity of the D N A  from an avian retrovirus and of 
mixtures of subgenomic fragments of this D N A .  The limiting step of  transfection 
with two D N A  molecules is the uptake by a single cell of both D N A ' s  in a biologically 
active state. Transjected cells mediate ligation and recombination of physically 
unlinked D N A ' s  at nearly 100 percent eficiency. 

Studies of stable transformants after 
specific genes have been introduced into 
cells have shown that physically un- 
linked DNA's can be transferred into the 
same cell and become physically linked 
to one another (I). Studies of DNA soon 
after transformation show that intramo- 
lecular blunt-end ligation is as  efficient as  
intramolecular homologous cohesive- 
end ligation (2) and that the efficiency of 
intramolecular cohesive-end ligation is 
approximately 10 percent (3). 

When two DNA molecules are used in 
DNA-mediated gene transfer (transfec- 
tion) experiments, intermolecular liga- 
tion and recombination can occur. In 
studies af transfection with two overlap- 
ping SV40 DNA fragments, the infectiv- 
ity of the two fragments was 0.1 percent 
(4), or 1 percent (5) of the infectivity of 
circular SV40 DNA. After transfection 
of cells with both SV40 DNA and an 
unrelated, physically unlinked DNA, re- 
combination occurred in 1 percent of the 
cells that replicated SV40 DNA (less 

than 1 percent of all cells) (6). The num- 
ber of cells receiving both DNA's, and 
thus the efficiency of cell-mediated join- 
ing of input DNA's, was not determined. 

We have carried out experiments de- 
signed to determine the efficiency of cell- 
mediated joining of DNA's and the limit- 
ing step of cotransfection experiments. 
Our results show that cells physically 
join unlinked DNA's at close to 100 
percent efficiency and that the limiting 
step of cotransfection is the ability of a 
single cell to take up both DNA's in a 
biologically active state. 

For cotransfection experiments, we 
used mixtures of subgenomic DNA 
clones from spleen necrosis virus (SNV) 
and looked for production of infectious 
virus. Spleen necrosis virus is an avian 
retrovirus that is highly pathogenic in 
vivo (7). In cell culture SNV causes cell 
death during acute infection (a), although 
some cells survive and multiply while 
continuing to produce virus (9). The in- 
troduction of SNV DNA into susceptible 



cells by transfection leads to  production 
of infectious virus (10). The infectivity of 
the cloned DNA was assayed by the 
appearance of cytopathic effects and of 
DNA polymerase activity and was quan- 
tified by end-point dilution. For the end- 
point dilution assay, 1 pg of DNA was 
serially diluted and added to four dishes 
of chicken embryo fibroblasts for each 
dilution. Each plate was scored for the 
presence or absence of virus production. 
The amount of DNA added to each plate 
at the dilution producing virus in 50 
percent of the plates is equivalent to one 
infectious unit. 

Cell-mediated ligation was studied by 
cotransfection of cells with subgenomic 
clones of SNV DNA that form a com- 
plete SNV DNA molecule upon ligation 
(Fig. 1). Transfection by a single subge- 
nomic clone led to no detectable infec- 
tious virus production (data not shown) 
(Table 1). Furthermore, none of the mix- 
tures of subgenomic clones (which do 
not contain homologous regions) was 
infectious when circular molecules were 
used for cotransfection, indicating that in 
these cases recombination did not gener- 
ate full-length SNV DNA (data not 
shown) (Table 1). 

In the study of ligation in a noncoding 
region, subgenomic clones of SNV that 
were cloned at the Sal I site (p14-44 5' 
RI-Sal I and p14-44 3' Sal-RI, p60B Sal) 
were digested with Sal I and itltroduced 
into chicken embryo fibroblasts. In the 
study of ligation in coding region, sub- 
genomic clones that were cloned at  the 
Hind I11 site (p14-44 5' RI-Hind I11 and 
p14-44 3' Hind 111-RI) were digested with 
Hind I11 and introduced into chick- 
en embryo fibroblasts. The infectivity of 
these rriixtures of molecules with cohe- 
sive ends was approximately 1 percent of 
the infectivity of full-length SNV DNA 
(p14-44) (Table 1). Ligation was ob- 
served in both noncoding and coding 
regions at approximately the same effi- 
ciency. When mixed Sal I subgenomic 
clones were digested with Sal I and 
transferred into canine thymus cells 
(Cf'Th) the infectivity was also 1 percent 
of the infectivity of full-length SNV 
DNA (data riot shown), showing that this 
ligation phenomenon is not specific to 
chicken cells. The infectivity of subgeno- 
mic clones that have been digested as 
described above and then ligated in vitro 
before lransfection was as  high as  the 
infectivity of full-length SNV DNA (data 
not shown). This result shows that the 
difference in infectivity between the sub- 
genomic clones and full-length SNV oc- 
curs because only some subclone mole- 
cules are ligated in vivo, and not because 
ligated molecules are less infectious than 
complete molecules. 

Blunt-end ligation was studied by di- 
gesting the Sal I subclone molecules with 
Sal I and then with S1 nuclease to  hydro- 
lyze single-stranded regions. The infec- 
tivity of these molecules with blunt ends 
was approximately 0.3 percent of the 
infectivity of full-length SNV DNA (Ta- 
ble 1). However, during the preparatiofi, 
more than 50 percent of the DNA was 
lost (data not shown). Therefore, the 
infectivity of the molecules with blunt 
ends was probably similar to that of 
molecules with cohesive ends. Thus cells 
can ligate molecules with blunt ends as  

efficiently as  those with cohesive ends. 
The infectivity of subgenomic clones di- 
gested with Sal I,  treated with S1 nucle- 
ase, and ligated in vitro was as  high as  
that of full-length SNV DNA (data not 
shown). 

Physical evidence of ligation of the 
input DNA was obtained by analysis (11) 
of unintegrated linear DNA of virus pro- 
duced by the transfected cells (12). The 
DNA of virus produced after transfec- 
tion of cells with Sal I subgenomic clones 
that were digested with Sal I and S1 
nuclease had lost the Sal I restriction 

Table I .  Infectivity of mixtures of DNA subclones of spleen necrosis virus (SNV). Relative 
infectivity is the ratio of the Infectivity of the tested DNA to the infectiv~ty of p14-44, multiplied 
by 100. The infectivity of one infectious unit of p14-44 is 6.7 x pmole. At least three 
experiments were performed to determine the infectivity of each tested DNA unless otherwise 
indicated. Infectivity between experiments varied on the average by a factor of 4. 

DNA Treatment Relative 
infectivity 

p 14-44 
p14-44 5' RI-Hind 111 
p14-44 3' Hind 111-RI 
p60B Sal 
p14-44 5' RI-Hind I11 + p14-44 3' Hind 111-RI 
p14-44 5' RI-Hind I11 + p14-44 3' Hind 111-RI 
p14-44 5' RI-Sal I + p14-44 3' Sal-RI 
p14-44 5' RI-Sal I + p14-44 3' Sal-RI 
p14-44 5' RI-Sal I + p14-44 3' Sal-RI 

p14-44 5' RI-Sal I + pREV-A Sal-Hind I11 + 
p14-44 3' Hind 111-RI 

p14-44 5' RI-Hind I11 + p14-44 3' Sal-RI 
p14-44 5' RI-Sal I (not diluted) + p14-44 3' 

Sal-RI 

None 
None 
None 
Sal I 
None 
Hind 111 
Sal I 
Sal I + S1 
Sal I + separate 

precipitation 
Sal I + Hind 111 

None 
Sal I 

*Single experiment 

Sal  I Hind Ill 
i i 

Fig. I .  Map and subclones of gag POI ,;;V3 S N V  
the DNA of spleen necrosis 
virus (SNV) .  The map shows 
the three genes and rele- 
vant restriction endonuclease 
cleavage sites of SNV.  The Sal 
I site is in a noncoding region; 
the region. Hind The 111 site DNA is in subclones a coding ,, QI p s o ~  S a l  EccRl-o Hind III 

have been described (1 7). Two 
subclones (see text for specific Hind Ill 
pairs) were mixed in equal ECO RI 

amounts, and the mixture was 
digested with enzymes as de- 
scribed in the text, serially di- 
luted in Hepes buffer contain- 
ing sheared salmon sperm cl1 E~~ RI- 0 sal-RI 

DNA (10 pglml, except, where 
indicated in the text), and pre- E c o  Rl 
cipitated with calcium phos- Hind III 

phate (except where indicated 
in the text). Each dilution (0.5 
ml) was added to each of four 
60-mm dishes of chicken em- p14-44 5' p,4-44 3 t  'Hind Ill 

bryo fibroblasts (18). Double 
RI-Hind Ill Hindlll-RI 

lines represent SNV se- 
E C ~  RI' 

quences; minal repeats; open boxes, jagged long lines, ter- 0 Hind 111 sal 0 
cell sequences; and single 
lines, plasmid pBR322 se- 
quences. 



Table 2. Infectivity of TK-SNV and helper virus (REV-A) DNA's. Infectivity is measured both 
as picomoles of DNA required for virus production in 50 percent of the plates (one infectious 
unit) [pmole (IU)] and as picomoles of DNA required for production of thymidine kinase 
colonies in 50 percent of the plates (one thymidine kinase activity transforming unit) [pmole 
(TKTU)]. The ratio of the TKTU value to the IU value is given. The infectivities are averages 
from three separate experiments. Infectivity between experiments varied by a factor of 4, but 
relative infectivity between experiments varied only by a factor of 2. 

- 

Infectivity 
Treatment Ratio 

pmole pmole 
( Iu)  (TKTU) 

cally active state rather than the ability 
of a cell to ligate two DNA molecules. 
To test this possibility, we used two 
separate DNA clones to cotransfect 
chicken embryo fibroblasts, a clone of a 
replication-defective retrovirus contain- 
ing the thymidine kinase gene of herpes 
simplex virus (TK-SNV) and a clone of 
replication-competent helper virus REV- 
A (15). The DNA's were either mixed 

Precipitated together 6.7 x lo-' 7.2 X 100 
Precipitated separately 6.7 x lo-' 7.2 x 1000 

endonuclease cleavage site. The DNA of 
virus produced after transfection of cells 
with Sal I subgenomic clones digested 
with Sal I alone was a mixture in which 
most of the population (at least 85 per- 
cent) retained the Sal I cleavage site 
(data not shown). This result indicates 
that cell-mediated ligation is often per- 
fect (resulting in no loss of bases), but 
sometimes includes limited degradation 
and thus loss of an enzyme cleavage site. 
In extending these findings, Sal I subge- 
nomic clones from molecular clones of 
SNV that differ in several restriction 
endonuclease cleavage sites were digest- 
ed with Sal I and used to cotransfect 
cells. The DNA of the resultant virus 
contained the expected mixture of paren- 
tal restriction endonuclease sites (data 
not shown), thus proving that two sepa- 
rate molecules were ligated together. 

The efficiency of multiple ligations 
were studied by cotransfecting cells with 
three subgenomic clones (p14-44 5' RI- 
Sal I, pREV-A Sal-Hind 111, and p14-44 
3' Hind 111-RI) that were digested with 
Hind I11 and Sal I [the helper virus REV- 
A has 98 percent nucleotide sequence 
homology with SNV (13)l. Two ligation 
events are needed to produce a full- 
length SNV molecule. The infectivity of 
this mixture of three subgenomic clones 
was 0.1 percent of the infectivity of full- 
length SNV DNA (Table 1). Although 
the efficiency of one ligation event is 
apparently 1 percent, the efficiency of 
two ligations is ten times that expected 
for individual ligation events occurring at 
random. 

To determine whether ligation may be 
enhanced by the coprecipitation of sepa- 
rate DNA fragments in calcium phos- 
phate, we either mixed the Sal I subge- 
nomic clones (digested with Sal I) before 
the dilutions and precipitations (the usu- 
al procedure) or separately diluted and 
precipitated the subgenomic clones and 
then mixed them when they were added 
to cells. The infectivity of subgenomic 
clones precipitated together was 1 per- 
cent of the infectivity of full-length SNV 

DNA, and the infectivity of subgenomic 
clones precipitated separately was 0.2 
percent of the infectivity of full-length 
SNV DNA (Table 1). Thus, when the 
DNA's are precipitated separately, the 
infectivity is approximately one-fifth that 
of DNA's precipitated together. Al- 
though the DNA's may be brought into 
proximity by the coprecipitation step, 
coprecipitation of separate DNA's does 
not appear to be a major limiting step of 
cotransfection. 

The efficiency of homologous recom- 
bination was studied by cotransfection 
with subgenomic clones containing over- 
lapping sequences. The infectivity of 
subgenomic clones containing 5 kilobase 
pairs of overlapping sequences (p14-44 5' 
RI-Hind I11 and p14-44 3' Sal I-RI) was 
approximately 1 percent of the infectiv- 
ity of full-length SNV DNA (Table 1). 
The form of these molecules did not 
affect the infectivity: circular, linear, and 
concatenated molecules were equally in- 
fectious (14). When clones containing 
identical long terminal repeats and an 
additional 40 base pairs (bp) of overlap- 
ping sequences further downstream were 
used for cotransfection, recombination 
occurred within the 40-bp region (not 
quantified, data not shown). When cells 
were cotransfected with clones contain- 
ing only 6 bp of overlapping sequences 
and no long terminal repeats in common 
(14-44 Sal I or Hind I11 5' and 3' subge- 
nomic clones), no recombination was 
seen. Thus, when the length of overlap- 
ping sequence is short, the long terminal 
repeats, because of their 600-bp homolo- 
gy, may have a role in aligning the mole- 
cules so that recombination can occur. 

These results confirm that the infectiv- 
ity of virus fragments is 1 percent of the 
infectivity of complete virus DNA in 
tranfection experiments, as determined 
for SV40 (5). To extend these findings, 
we determined the limiting step of co- 
transfection. Because all of these assays 
were done by diluting both DNA's, the 
results could reflect the ability of a cell to 
take up both types of DNA in a biologi- 

before dilution and precipitation or dilut- 
ed and precipitated separately and then 
mixed. Replication-competent virus is 
produced by cells that take up and ex- 
press the helper virus DNA, whereas 
TK-SNV is produced only by cells that 
take up and express both DNA's. This 
assay, thus, distinguishes between cells 
that take up and express only one DNA 
and those that take up and express both 
DNA's. The virus produced 5 days after 
transfection was passaged to fresh chick- 
en embryo fibroblasts to assay for helper 
virus (8) and to buffalo rat liver cells 
deficient in thymidine kinase to assay for 
thymidine kinase-transforming units. 
The infectivitv of TK-SNV DNA was 1 
percent of the infectivity of helper virus 
DNA after coprecipitation and 0.1 per- 
cent after separate dilutions and precipi- 
tations (Table 2). Thus, only a small 
percentage of the cells that take up and 
express REV-A virus DNA also take up 
and express TK-SNV DNA, even after 
coprecipitation. This 100-fold difference 
is the same as the difference between 
infectivity of mixtures of subgenomic 
clone molecules and of full-length SNV 
seen above. The tenfold difference be- 
tween separate precipitations and copre- 
cipitation in this experiment is similar to 
the difference seen with subgenomic 
clone molecules. These results indicate 
that at limiting DNA concentrations the 
limiting step of cotransfection is the up- 
take of two DNA's in a biologically 
active state by a single cell. 

A further test of the ability of cells to 
ligate input DNA is to dilute serially one 
subclone and use the other subclone in 
excess amounts (10 pglml) instead of 
sheared salmon sDerm DNA as carrier. 
The infectivity of this mixture was ap- 
proximately 100 percent of the infectiv- 
ity of full-length SNV DNA (Table 1). 
This result indicates that the efficiency of 
intermolecular ligation is approximately 
100 percent. 

Our results indicate that the limiting 
step of these cotransfections is the abili- 
ty of cells to take up two physically 
unlinked DNA's in a biologically active 
state. When a cell takes up two DNA's 
the efficiency of joining (both ligation 
and recombination) is very high. It is not 
yet known whether the cellular enzymes 
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involved in this activity are induced by 
introduction of DNA into the cell. How- 
ever, studies of microinjection of DNA 
fragmemts into cells have shown that 

Inhibition of Gastric Acid Secretion in the Gastric Brooding 
Frog, Rheobatrachus silus 

Abstract. The female gastric brooding frog Rheobatrachus silus broods its young 
in its stomach. A substance that inhibits gastric acid secretion in a toad stomach 
preparation in vitro appears to be secreted by the developing young. This substance 
has been identijied as prostaglandin E2. Rheobatrachus silus may thus have 
developed a mechanism whereby prostaglandin secreted by the larvae inhibits acid 
secretion in the stomach of the female until the larvae have completed development 
and emerged as juvenile frogs by way of the female's mouth. 

intermolecular recombination and liga- - 
tion occur at a very high efficiency (16), 
indicating that this phenomenon may not 
be specific to transfection. One use of 
this joining activity is the ability to con- 
struct recombinant DNA molecules in 
vivo. If selection exists for a desired 
recombinant molecule, the molecule can 
be constructed in vivo by cotransfection 
of the appropriate DNA fragments. 

In southeast Queensland there is a rare was replaced daily, was collected and 
stored at -20°C. Before being assayed, 
this water was concentrated by freeze- 
drying; 500 ml of water produced about 
0.24 g of solid material that was redis- 
solved in 10 ml of Mackenzie's solution 
(4). 

We used the spontaneously secreting 
gastric mucosa of Bufo marinus as the 
principal bioassay for the potential inhib- 

aquatic frog, Rheobatrachus silus. The 
female frog swallows fertilized eggs or 
early-stage larvae and broods the young 

These findings aleo indicate that caution 
must be used in designing transfection 
experiments. Studies of DNA after in her stomach. The young frogs eventu- 

ally emerge by way of her mouth (1, 2). 
During the period of gastric brooding, 
the gastric musculature undergoes modi- 
fication and the oxyntic cells show ultra- 
structural features typical of the absence 
of acid secretion (3). Oral birth of the 
young frogs occurs at least 8 weeks after 
they are ingested; the gastric ultrastruc- 

transfection will be studies of complex 
molecules, not linear molecules, because 
of the high efficiency of ligation and 
recombination. 

CYNTHIA K. MILLER 
HOWARD M. TEMIN 

McArdle Laboratory for Cancer 
Research, University of Wisconsin, 
Madison 53706 

itor of gastric secretion. The toads were 
pithed, the stomach was removed, and 
the gastric mucosa was dissected from 

ture returns to normal a few days later. the muscle coats. Fundic mucosa was 
mounted as a diaphragm between two 
halves of a Lucite chamber to provide 

Investigators have speculated that the 
young release a substance that inhibits 
gastric acid secretion. Because the spe- 

References and Notes 

1. I. Abraham, J. S. Tyagi, M. M. Gottesman, 
Somat. Cell Genet. 8, 23 (1982); R .  A. Ander- 
son, T. Krakauer, R. D. Camerini-Otero, Proc. 
Nutl. Acad. Sci. U.S.A. 79, 2748 (1982); M. 
Perucho, D. Hanahan, M. Wigler, Cell 22, 309 
(1980); M. Wigler et al., ibid. 16, 777 (1979); D. 
Zouzias. A. H. Bertelsen. M. G .  Rush. Arch. 

exposed mucosal and serosal surfaces 
measuring 2.0 cm2. The serosal surface 
was bathed in 12 ml of Mackenzie's 
solution, a buffered salt solution for Bufo 
marinus tissues (4). The mucosal surface 
was bathed in 12 ml of isotonic NaC1. 

cies is near to extinction, our data in this 
and previous reports (1-3) are based on 
studies of only five female frogs collect- 
ed over 8 years. Our studies have been 
performed on histological specimens or 
on secretions obtained during the short 

Virol. 70, 291 (1981). 
2. J. H. Wilson, P. B. Berget, J. M.'pipas, Mol. 

Cell. Biol. 2, 1258 (1982). Both solutions were aerated and circulat- 
ed by gas lifts of 95 percent O2 and 5 
percent COz. The mucosal solution was 
held at pH 6 by titration with 0.05M 
NaOH in a pH stat system (Radiometer 
Copenhagen). This system provided a 

3. J. E. Mertz and R. W. Davis, Proc. Nutl. Acud. 
Sci. U.S.A. 69, 3370 (1972). 

4. P. Upcroft, B. Carter, C.  Kidson, Nucleic Acids 
Res. 8, 2725 (1980). 

5. D. A. Jackson, in Introduction of Macromol- 
ecules into Viable Mammaliun Cells, R. Ba- 
serga, C. Croce, G. Rovera, Eds. (Liss, New 
York, 1980), p. 65. 

6. E. Winocour and I. Keshet, Proc. Nutl. Acad. 
Sci. U.S.A. 77, 4861 (1980). 

7. W. Trager, Proc. Soc. Exp. Biol. Med. 101, 578 
(19591. 

life-span of these females and their 
young in captivity. Here we provide evi- 
dence that R.  silus tadpoles secrete a 
substance that inhibits the secretion of 
gastric acid by an isolated amphibian 
gastric mucosal preparation. High con- measure of the rate of H +  secretion 
centrations of this inhibitory substance, 
which was identified as prostaglandin E2 
(PGE2), were present in aquarium water 

which was expressed as microequiva- 
lents per square centimeter per hour. 
The test solution was applied to the 

8, H; M .  Temin and V. K. Kassner, J .  Virol. 13, 
291 (1974). 

9. - ,  J .  Gen. Virol. 27, 267 (1975). 
10. G. M. Cooper and H. M. Temin, J .  Virol. 14, 

1132 (1974). 
11. E. M. Southern, J .  Mol. Biol. 98, 503 (1975). 
12. This assay, although based on the progeny, 

reflects ligation of the input DNA. The subgeno- 
mic clones containing the 3' end of the SNV 
genome cannot be transcribed since they lack an 
upstream promoter. Virus is produced only if all 
of the viral DNA is transcribed, which happens 
only if the DNA fragments are ligated together. 
Thus, the input DNA must be ligated for virus 
production to occur. 

13. C.-Y. Kang and H. M. Temin, J .  Virol. 14, 1179 
(1974). 

14. T. Zietchick, personal communication. 
15. K. Shimotohno and H. M. Temin, Cell 26, 67 

(1981). 
16. K. R.  Folger, E. A. Wong, G. Wahl, M. R.  

Capecchi, Mol. Cell. Biol. 2, 1372 (1982). 
17. I. S. Y. Chen and H. M. Temi,n, Cell 31, I l l  

(1982); K. Shimotohno, S. M~zutani, H. M. 
Temin, Nature (London) 285, 550 (1980). 

18. F. L. Graham and A. J ,  van der Eb, Virology 52, 
456 (1973). 

19. We thank S. Hellenbrand for technical assist- 
ance and R. DeMars, M. Emerman, J .  Mertz, N. 
Pangmiban, 0. Smithies, B. Sugden, and G. 
Tarpley for comments on the manuscript. This 
research was supported by Public Health Ser- 
vice research grants CA-22443 and CA-07175 
and by training grant CA-09135 (to C.K.M.). 
H.M.T. is an American Cancer Society research 
professor. 

17 January 1983; revised 7 March 1983 

inhabited by young R.  silus immediately 
after their premature birth. 

In December 1978 a female R. silus 

serosal side of the mucosal preparation. 
The isolated mucosa of Bufo marinus 

secreted acid spontaneously at a rate of 
1.92 2 0.69 F~qicm2-hour (mean 2 
standard deviation, N = 49). The rate 
was independent of the sex of the toad 

expelled 24 early-stage tadpoles while 
being transferred to an aquarium. Twen- 
ty-two of these larvae were transferred 
to an open plastic container of purified, 
softened tapwater. The tapwater had 
been filtered through sand to remove 

and remained relatively constant for at 
least 3 hours. In each of six experiments, 
the addition of 1.5 ml of the concentrated 

particulate matter, through activated aquarium water to the gastric mucosal 
carbon to dechlorinate it, and through a 
fine micropore filter to exclude large 

preparation decreased the rate of sponta- 
neous acid secretion. The mean rate 
(r S.D.) of acid secretion 30 minutes 
before the addition of the aquarium wa- 
ter was 1.88 r 0.54 p~qicm2-hour; dur- 

bacteria. The water was aerated gently 
and maintained at 30°C. Tapwater for the 
related, control species Limnodynastes 
tasmaniensis was treated in the same ing the second 30-minute period of expo- 

sure the mean rate was 0.28 r 0.24 
p~qicm2-hour (Fig. 1). A similar degree 
of inhibition was effected by ~ o - ~ M  
PGE2, ~ o - ~ M  somatostatin, and ~ o - ~ M  
cimetidine. In two experiments, the in- 

way. 
Copious, fine cords of mucus were 

released from the mouths of the tad- 
poles. Because an inhibitor of gastric 
acid secretion might be associated with 
the mucus, the aquarium water, which hibitory effect of aquarium water was 
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