
compound that produces a primary 
axonal degeneration in animals (24) 
has been used as an effective antidan- 
druff agent in shampoos for 10 to 15 
years. AETT was in use for 22 years 
before toxicological testing (3) revealed 
its insidious neurotoxic properties. The 
fragrance industry subsequently brought 
its research findings to the attention of 
the FDA (3) and voluntarily withdrew 
the compound from fragrance formula- 
tions. There may be a need, however, to 
subject other ingredients (25) used in the 
preparation of cosmetic and cleansing 
products to rigorous scrutiny for neuro- 
toxic properties. 
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of the optic nerve and tract, corpus callosum, 
hippocampus, lateral cerebral cortex, entorhinal 
cortex, and olfactory tubercles. Muscle from the 
ankle and calf was also sampled and found to be 
unremarkable when examined under the light 
microscope. Tissue sections were postfixed in 
phosphate-buffered 2 percent Dalton's chrome 
osmium tetroxide, dehydrated in increasing con- 
centrations of ethanol, immersed in propylene 
oxide, embedded in epoxy resin, and processed 
for light and electron microscopy. Sections (1 
,um) were stained with 1 percent toluidine blue; 
thin sections were stained with uranyl acetate 
followed by lead citrate. Histochemical studies 
were also performed on brain, spinal cord, pe- 
ripheral nerves, and visceral organs. These tis- 
sues were removed from additional control and 
experimental animals perfused with 4 percent 
paraformaldehyde in 0.1M phosphate buffer. 
Paraffin sections were stained with hematoxylin 
and eosin (H & E), Luxol fast blue, periodic 
acid-Schiff (PAS), Ziehl-Neelsen, Schmorl's re- 
agent, Prussian blue, and Sudan black B re- 
agents. Nervous tissues displayed granular lipo- 
pigments (see text); other organs were unre- 
markable. Selected unstained paraffin sections 
of the brain were treated with 15 percent hydro- 
gen peroxide and examined for autofluores- 
cence. 

7. Industry studies (3) identified an ortho diacetyl 
derivative and metabolite of AETT which is re- 
sponsibe for the blue tissue discoloration. Tis- 
sues turn blue on contact with this derivative. 

8. Granules stained light-brown with H & E, pink- 
ish-red with Schmorl's reagent, and dark blue 
with toluidine blue. They were PAS-positive, 
strongly acid-fast, and displayed intense, prima- 
ry yellow autofluorescence peaking at 460 nm. 
Ultrastructurally, the granules were angular in 
shape, delimited by a single membrane, and dis- 
played a dense particulate matrix containing 
rare lamellar or curvilinear profiles. 

9. S. Carpenter, G. Karpati, F. Andermann, J. C. 
Jacob, E. Andermann, Brain 100, 137 (1977); D. 
S. Horoupian and R. T. Ross, Can. J. Neurol. 
Sci. 4, 67 (1977); I. Rapin, in Pediatrics, A. M. 
Rudolph, Ed. (Appleton-Century-Crofts, New 
York, 1977), pp 1892-1939. 

10. These structures stained bright red with H & E. 
They were histochemically and structurally sim- 
ilar to "Lafora bodies of the protein type" first 
described by F. Seitelberger [Fourth Inter- 
national Congress of Neuropathology (Thieme, 
Stuttgart, 1961), vol. 1, pp. 3-13]. In AETT- 
treated rats, the structures were usually 
intracellular but, occasionally, they were found 
free in tissues or in close proximity to a degener- 
ating neuron. Intracytoplasmic inclusions ap- 
peared as light blue-green lakes in epoxy sec- 
tions stained with toluidine blue. Ultrastructur- 
ally, inclusions were composed of intracellular 
electron dense masses, with irregular borders 
and nodular surface protrusions. No limiting 
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membrane was present. Electron lucent spaces 
containing cytoplasmic organelles punctuated 
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Sites of Transition Between Functional Systemic and Cerebral 

Arteries of Rabbits Occur at Embryological Junctional Sites 

Abstract. The vascular smooth muscle of cerebral blood vessels is relatively in- 
sensitive to sympathomimetic stimulation compared with muscle from systemic ves- 
sels. The transition in the vertebral artery occurs just rostral to the emergence of that 
artery from the foramen of the lateral process of the atlas and in the internal carotid 
artery just before it enters the carotid canal. These sites in the adult correspond to 
embryological junctions between segments of the vertebral and internal carotid ar- 
teries derived from the primitive dorsal aortas and their branches with vessels origi- 
nating locally from the bilateral longitudinal neural arteries. Topographic patterns of 
vascular properties may in some cases be explained by the different sites of origin of 
their primordial mesodermal cells. 

The characteristics of the alpha-adre- the aorta or pulmonary artery, is rela- 
nergic receptor on the smooth muscle of tively insensitive to sympathomimetic 
cerebral blood vessels and the response amines (3); in addition, the relative po- 
it mediates differs in many ways from tency of a series of such drugs differs 
that of other major blood vessels of the from one site to the other, suggesting dif- 
same species (1, 2). In the rabbit, for ex- ferences in the alpha-adrenergic receptor 
ample, the smooth muscle of the cerebral (2, 4). Because of the fundamental inter- 
vasculature, in comparison with that of est as well as the potential practical use- 
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Fig. 1. Diagrammatic representation of rabbit vertebral internal and common carotid arteries 
superimposed on a sagittal section of the head. Bars show concentration of l-norepinephrine 
(NE) causing 50 percent maximum contraction (EC50) of indicated arterial segment. Standard 
errors of the mean are indicated, and the number of observations in each case are shown at the 
bases of the bars. 

fulness of such differences in regional 
vascular characteristics, we have de- 
fined the precise site of transition be- 
tween systemic and cerebrovascular 
blood vessels. 

The sensitivity to l-norepinephrine 
(NE) of the vascular smooth muscle in 

sequential 4-mm ring segments from the 
entire length of the vertebral and internal 
carotid arteries of rabbits was deter- 
mined according to standard pharmaco- 
logical procedure (2). Briefly, vessels 
were mounted in a tissue bath in Krebs 
saline solution equilibrated with 95 per- 
cent 02 and 5 percent CO2 at 38?C and 
stretched with a load of 0.5 g. After 1 
hour they were exposed to desmethyl- 
impramine (10-7M), and propranolol 
(10-t3M) to block neuronal uptake of NE 
and /-adrenoceptors, respectively. In 
the presence of these agents, NE was 
added cumulatively to provide data for a 
dose-response curve. The EC50-the 
concentration of NE that caused a half- 
maximal contraction-was obtained for 
each segment. This value is independent 
of the initial resting tension applied to 
the preparation. In Fig. 1, the courses of 
the vertebral and internal carotid arteries 
are shown against a background of the 

sagittal section of the adult rabbit brain. 
The sensitivity of the smooth muscle in 
both vessels decreases abruptly as they 
course toward the brain. The NE EC50 
for that part of the vertebral artery with- 
in the foramen of the transverse process 
of the atlas is the same as that of the 
more proximal parts of the vertebral ar- 
tery and also that of the aorta and other 
large vessels (5). The sensitivity of the 
vertebral artery segment that runs in the 
groove on the posterior arch of the atlas 
and pierces the dura is low and in- 

distinguishable from that of the basilar 

636 

artery. The site of transition along the in- 
ternal carotid artery occurs approxi- 
mately where this vessel enters the ca- 
rotid canal in the temporal bone. The 
vascular smooth muscle in the proximal 
part of the internal carotid artery is of 
similar sensitivity to that in the common 
carotid and proximal vertebral arteries. 
The NE EC50 of segments originating 
from that part of the internal carotid 
lying in the proximal part of the bony ca- 
nal does not differ from more distal seg- 
ments. Values obtained from segments 
of the internal carotid artery just before 
it enters into the canal show wide varia- 
tion between animals presumably re- 
flecting the individual differences in the 
precise site of the transition. Values for 
the internal carotid artery within the cav- 
ernous sinus are lower than those for the 
vertebral artery within the subarachnoid 
space and the basilar artery. 

These data provide no evidence for a 
gradual transition of characteristics but 
rather, within the limits of our technique, 
an abrupt change. There is no parallel 
change in pattern or density of sympa- 
thetic adrenergic innervation determined 
by the glyoxylic-acid histofluorescence 
procedure, nor in the general histological 
structure of the blood vessel determined 
by light microscopy. In each instance the 
change occurs before but not at the site 
of entry of the vessels into the subarach- 
noid space (6). 

The cerebral circulation has a complex 
embryological origin, the adult vertebral 
artery arising from two sources. The 
proximal or cervical portion arises from 
anastomoses between the seven dorsal 
cervical segmental artery branches of the 
two dorsal aortic roots (7), and the ros- 
tral part from the two bilateral longitudi- 
nal neural arteries that appear on both 

sides of the developing central nervous 
system. Vessels from both sources fuse 
during development, just cephalad to the 
first cervical segment. This site of fusion 
corresponds to the position of functional 
transition found in this study. The more 
rostral parts of the bilateral longitudinal 
neural arteries fuse to form the basilar 
artery and take part in the development 
of the circle of Willis. 

The most proximal part of the internal 
carotid artery is derived from the third 
dorsal arch and the subsequent segment 
from the bilaterally represented embry- 
onic dorsal aortas. These vessels in turn 
connect with the internal carotid system 
derived from the rhombencephalic 
equivalent of the bilateral longitudinal 
neural arteries-a system developing in 
situ and separate from those vessels de- 
rived from the dorsal aortas and its 
branches (8). It is this system that even- 
tually forms the cerebral arteries and 
their branches and contributes, like the 
more caudal longitudinal neural artery 
system, to the circle of Willis. The pre- 
cise site of the junction is unclear. It is 
undoubtedly distal to the level of the first 
arch, which is indicated in the embryo by 
the vestigal mandibular artery, the artery 
of the first arch. The petrosal part of the 
temporal bone develops from cartilage 
placed rostral to the skeletal structures 
derived from the first arch. It is upon en- 
try into the petrous temporal bone that 
the changes in vascular smooth muscle 
characteristics in the internal carotid ar- 
tery are found. 

Differences in vascular characteristics 
that may be related to embryological pat- 
terns of origin have been described pre- 
viously (9). Differences in the histamine- 
mediated response of intra- and extra- 
cranial vessels have also been docu- 
mented, although the exact level of tran- 
sition has not been defined (10). These 
observations taken together with the 
present results on the cerebral circula- 
tion of the rabbit suggest that the pattern 
of some regional vascular features can be 
related to the origin of the local mesoder- 
mal cells from which they are derived. 

JOHN A. BEVAN 

Department of Pharmacology, 
School of Medicine and Brain Research 
Institute, University of California, 
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adaptive changes in populaltions. 

The controversy over the escape of 
bacteria carrying cloned genes and the 
concern over the spread of antibiotic re- 
sistance determinants among bacterial 
pathogens have focused chiefly on ele- 
ments of human danger, real or putative. 
Most experiments demonstrating gene 
exchange between bacterial strains in 
their native habitats have involved hu- 
man commensals or pathogens carrying 
antibiotic resistance determinants. Among 
these studies are those of Anderson 
et al. on plasmid transfer by conjuga- 
tion of Escherichia coli strains in the 
human intestine (I); those of Novick and 
Morse on plasmid transfer by trans- 
duction of Staphylococcus aurtelts in the 
mouse kidney (2); those of Ottolenghi 
and MacLeod (3) and of Conant and 
Sawyer on transformation of pneumo- 
coccal strains in mixed peritoneal infec- 
tions in mice (4); and those of Conant 
and Sawyer on transformation of 
pneumococcal strains in mixed respira- 
tory infections in mice (4). Much of the 
controversy surrounding recombinant 
DNA is due to lack of knowledge of the 
natural lives of bacteria. 

The anthropocentric emphasis, while 
important, has tended to obscure the fact 
that a quite general process of ecological 
and evolutionary adaptation is involved, 
its key feature being the generation by 
recombination of genetic variability in 
populations acted upon by selection. 
Hence, the question: If the parasexual 
processes of bacteria occur between or- 
ganisms in their natural habitat, can they 
promote the acquisition of adaptive traits 
by bacterial populations? Our data show 
that for the soil bacterium Bacillus sub- 
tilis, the answer is yes. Genetic exchange 
is demonstrated by the transfer of linked 
blocks of chromosomal markers between 

SCIENCE, VOL. 204, 11 MAY 1979 

adaptive changes in populaltions. 

The controversy over the escape of 
bacteria carrying cloned genes and the 
concern over the spread of antibiotic re- 
sistance determinants among bacterial 
pathogens have focused chiefly on ele- 
ments of human danger, real or putative. 
Most experiments demonstrating gene 
exchange between bacterial strains in 
their native habitats have involved hu- 
man commensals or pathogens carrying 
antibiotic resistance determinants. Among 
these studies are those of Anderson 
et al. on plasmid transfer by conjuga- 
tion of Escherichia coli strains in the 
human intestine (I); those of Novick and 
Morse on plasmid transfer by trans- 
duction of Staphylococcus aurtelts in the 
mouse kidney (2); those of Ottolenghi 
and MacLeod (3) and of Conant and 
Sawyer on transformation of pneumo- 
coccal strains in mixed peritoneal infec- 
tions in mice (4); and those of Conant 
and Sawyer on transformation of 
pneumococcal strains in mixed respira- 
tory infections in mice (4). Much of the 
controversy surrounding recombinant 
DNA is due to lack of knowledge of the 
natural lives of bacteria. 

The anthropocentric emphasis, while 
important, has tended to obscure the fact 
that a quite general process of ecological 
and evolutionary adaptation is involved, 
its key feature being the generation by 
recombination of genetic variability in 
populations acted upon by selection. 
Hence, the question: If the parasexual 
processes of bacteria occur between or- 
ganisms in their natural habitat, can they 
promote the acquisition of adaptive traits 
by bacterial populations? Our data show 
that for the soil bacterium Bacillus sub- 
tilis, the answer is yes. Genetic exchange 
is demonstrated by the transfer of linked 
blocks of chromosomal markers between 

SCIENCE, VOL. 204, 11 MAY 1979 

8. F. R. Sabin, in Contributions to Embryology 
(No. 226) (Carnegie Institution of Washington, 
Washington, D.C., 1917), vol. 6, p. 61; G. L. 
Streeter, in ibid. (No. 24), (Carnegie Institution 
of Washington, Washington, D.C., 1918), vol. 8, 
p. 5. 

9. J. A. Bevan, Circ. Res. 9, 700 (1961); H. Tsuru 
et al., Blood Vessels 13, 238 (1976). 

10. L. Edvinsson and C. Owman, Neurology 25, 271 
(1975). 

11. Supported by PHS grants HL 15805 and HL 
20581. 

4 December 1978 

8. F. R. Sabin, in Contributions to Embryology 
(No. 226) (Carnegie Institution of Washington, 
Washington, D.C., 1917), vol. 6, p. 61; G. L. 
Streeter, in ibid. (No. 24), (Carnegie Institution 
of Washington, Washington, D.C., 1918), vol. 8, 
p. 5. 

9. J. A. Bevan, Circ. Res. 9, 700 (1961); H. Tsuru 
et al., Blood Vessels 13, 238 (1976). 

10. L. Edvinsson and C. Owman, Neurology 25, 271 
(1975). 

11. Supported by PHS grants HL 15805 and HL 
20581. 

4 December 1978 

strains growing together in soil culture; 
the ability of the exchange to promote 
adaptation is shown by the formation, 
spread, and eventual dominance in the 
cultures of a strain bearing markers from 
both parents. Here we present a com- 
plete analysis of the genetic results and 
consider them from an explicitly evolu- 
tionary point of view; the experimental 
details and supporting results have been 
described (5). 

The strains used are called "168 R" 
and 'SB-/R" and were constructed so 
that each carries a block of three linked 
genes and one outside marker unlinked 
to the block. Strain 168 R carries linked 
resistances to the antibiotics rifampicin 
(phenotypically, Rfm'), erythromycin 
(Ery'), and spectinomycin (Spc'); the 
outside marker is lincomycin resistance 
(Lin'). Strain SB-/R carries 3-amino- 
tyrosine resistance (Amt') and histidine 
(His-) and tryptophan (Trp-) auxotroph- 
ic requirements as its linkage block and 
resistance to 4-azaleucine (Azl') as its 
outside marker. The two linkage blocks 
are opposite one another on the circular 
B. sltbtilis genetic map (6). This arrange- 
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Table 1. Occurrence of genetic exchange. All 
data are mean values of three mixed cultures. 

Triple transformants (%) 
Day 

168 R x SB-/R* SB-/R x 168 Rt 

1 0.02 0.02 
2 0.005 0.02 
3 0.003 0.005 
4 0.0004 0.0003 
6 0.000003 0.001 
8 Not found 0.002 

*Recipient x donor; triple transformants defined as 
Spc" Lin' Amt" His- Trp-. tRecipient x donor; 
triple transformants defined as Amt' Azlr Spc' Ery' 
Rfm'. 
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ment of markers permits the identifica- 
tion of triple transformants-the crite- 
rion for gene exchange-from both pos- 
sible crosses by initially screening 
simultaneously for the outside marker 
and one marker in the linkage block of 
the recipient and one marker in the link- 
age block of the donor and by sub- 
sequent testing of the survivors for co- 
transfer of the other two markers in the 
donor linkage block. (We later discov- 
ered that Lin' was linked to the Rfm' 
Spc' Ery' block in soil transformations; 
however, the outcome of these experi- 
ments is not materially affected.) 

Spores of strains 168 R and SB-/R 
were separately treated with excess de- 
oxyribonuclease and then heat-shocked 
(80?C; 15 minutes); I x l0s treated 
spores of each strain were then added to 
50 g of sterile soil in a peat pot enclosed 
in a storage jar, along with 4 mg each of 
histidine and tryptophan; incubation was 
at 37?C. Samples were taken, suspended, 
diluted, and plated on selective minimal 
media or nonselective tryptose blood 
agar. Colonies arising on selective media 
were tested for cotransfer of linked 
markers (Table 1); colonies arising on 
nonselective media were tested for all 
markers (Table 2). These experiments 
take advantage of the facts that germi- 
nating spores both release transforming 
DNA (7) and become competent for 
transformation (8). 

The rates of occurrence of triple trans- 
formants in mixed soil culture are shown 
in Table 1 for both possible crosses. 
These frequencies are at their greatest 
10- to 100-fold lower than those obtained 
in laboratory transformation in liquid 
culture with saturating DNA, and they 
decrease with time. However, the fre- 
quencies are much larger than those that 
could result from three simultaneous mu- 
tations, about 10-18. Higher frequencies, 
up to 17 percent, of triple transformants 
are observed when large amounts of phe- 
nol-extracted DNA (9) are added to 
strains growing alone in soil. 

We have assumed that the demon- 
strated gene exchange in mixed soil cul- 
ture is mediated by transformation since 
B. sltbtilis is not known to conjugate and 
since there are no known generalized 
transducing phages in these strains. 
However, we have not been able to 
block the exchange by the conventional 
laboratory methods of adding either de- 
oxyribonuclease or competing DNA to 
the soil cultures. 
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The mixed cultures reached signifi- 
cantly higher stationary phase popu- 
lation sizes (2 x 10s to 4 x 108 colony- 
forming units per gram) than single- 
strain cultures either with or without 
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Bacillus subtilis to Evolve in Soil Culture 
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ing togethel in soil; Sluch exchange leads to extensive reorganizsiation of the genotypic 
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