
individuals of all ages. Two of these 
bones embedded in the pavement are 
adult mastodon femora exhibiting cuts 
and striations that were produced by use 
of the bones as chopping blocks. Pos- 
sible stone artifacts embedded in the 
pavement are under study. 

Water-worn bone fragments were also 
found on an erosional disconformity cap- 
ping unit I, and these belong to a dif- 
ferent faunal assemblage than that of unit 
I. Mastodon remains were absent. Bones 
and teeth of horse, glyptodon bones and 
scutes including an inverted carapace, 
and tortoise scutes were excavated from 
this erosional disconformity, as well as a 
few bones tentatively identified as Mac- 
rauchenia. No indisputable cultural evi- 
dence was found on this horizon. No 
macrofaunal remains were recovered 
above the base of unit II. 

The lower part of unit II, a reddish 
sand deposit approximately 50 cm thick, 
was cemented to a hardness requiring a 
heavy pick or hammer and chisel for ex- 
cavation. Paleosol remnants were found 
with the horse and glyptodon bones at 
the base of unit II and again near the top 
of unit II where they are exposed in an 
undisturbed position beneath a white re- 
duced sand. The upper part of the unit II 
deposit was apparently drowned and al- 
most all of the A horizon of the soil 
which had formed on the unit II colluvial 
sand was completely reduced to a white 
color to a depth of 10 to 15 cm. 

A black organic clay (unit III), about 
30 cm in maximum thickness, overlies 
the white sand. The organic carbon con- 
tent of the clay yielded six strati- 
graphically consistent radiocarbon dates 
between 10,290 ? 90 years B.P. and 
9650 + 80 years B.P. (6). The origins of 
the black clay, which contains uniden- 
tified woody plant remains, are uncer- 
tain, although ponding must be involved. 

Colluvial yellowish-brown sand (unit 
IV) overlies the black clay to a thickness 
of 100 to 300 cm. The colluvium contains 
rolled fragments of cemented red sand, 
indicating that another paleosol had de- 
veloped on the slope above the site and 
had been incorporated into a landslide or 
mudflow that covered much of the site, 
thus sealing and preserving the earlier 
stratigraphic section. 

Four radiocarbon dates have been ob- 
tained on a wood sample collected in as- 
sociation with the butchered mastodon 
in unit I. The sample consisted of a con- 
centrated mass of small wood twig frag- 
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Four radiocarbon dates have been ob- 
tained on a wood sample collected in as- 
sociation with the butchered mastodon 
in unit I. The sample consisted of a con- 
centrated mass of small wood twig frag- 
ments which were notably sheared at 
both ends as if masticated (Fig. 4). The 
twig fragments were found abundantly 
and in fresh condition in the saturated 
sand of unit I in close association with 
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the skeleton of the young mastodon. We 
hypothesize that the material is derived 
from the contents of the slain beast's 
stomach or intestines. The radiocarbon 
dates obtained on this material are (in 
years before present): 12,980 + 85 (SI- 
3316), 13,000 + 200 (Birm-802), 13,880 
? 120 (USGS-247), and 14,200 ? 300 
(UCLA-2133). 

The minimum radiocarbon age of the 
El Jobo mastodon kill is thus 13,000 
years. The field data from Taima-taima 
demonstrate that a big-game hunting 
complex of a completely different tech- 
nological tradition existed in northern 
Venezuela at least a millennium and a 
half earlier than the well-known Clovis 
complex of North America. In the south- 
western United States, the radiocarbon 
age of the Clovis complex has been es- 
tablished at between 11,500 and 11,000 
years B.P. (8). At present it is widely be- 
lieved that big game hunters using fluted 
projectile points of Clovis type were the 
earliest inhabitants of the Americas. On 
this premise, a statistical model of wave- 
front expansion of Clovis big-game hunt- 
ers from north to south throughout the 
New World has been presented by Mar- 
tin (9). The minimum dating of 13,000 
years B.P. for the El Jobo complex at 
Taima-taima demonstrates a significant 
temporal priority over the Clovis com- 
plex. The Martin model of the earliest 
peopling of the New World is thereby re- 
futed by field evidence. 

Technologies for the procurement of 
Pleistocene megafauna must have 
evolved independently in northern South 
America and on the North American 
plains. The Clovis complex and the El 
Jobo complex must have developed mu- 
tually distinctive flaking traditions from 
simpler technological bases, which had 
probably entered the New World much 
earlier. We believe that evidence of the 
technological traditions ancestral to the 
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various early projectile point technol- 
ogies of the Americas is to be found by 
concerted investigation of promising 
Pleistocene deposits in the New World 
(10). 
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Soybean Lines Lacking the 120,000-Dalton Seed Lectin 

Abstract. Seeds of 102 lines of Glycine max (L.) Merr., the soybean, were screened 
quantitatively for the presence of the 120,000-dalton soybean lectin. Wide variation 
in the content of this lectin was noted, and five lines of soybean whose seed totally 
lacked the lectin were identified. Roots of allfive lines were effectively nodulated by 
several strains of Rhizobium japonicum, thus indicating that the 120,000-dalton soy- 
bean seed lectin is probably not required for the initiation of soybean-Rhizobium 
symbiosis. 

Approximately 175 million metric tons (1). Legume-Rhizobium symbioses are 
of atmospheric nitrogen are biologically markedly species-specific in that a given 
fixed each year by microorganisms. The legume is usually nodulated by only a 
fixation of almost half of this amount is small group of rhizobial strains. The mo- 
the result of symbiosis between legumes lecular mechanism whereby leguminous 
and bacteria of the genus Rhizobium plants differentiate their symbiotic rhi- 

0036-8075/78/0616-1277$00.50/0 Copyright ? 1978 AAAS 1277 

Soybean Lines Lacking the 120,000-Dalton Seed Lectin 

Abstract. Seeds of 102 lines of Glycine max (L.) Merr., the soybean, were screened 
quantitatively for the presence of the 120,000-dalton soybean lectin. Wide variation 
in the content of this lectin was noted, and five lines of soybean whose seed totally 
lacked the lectin were identified. Roots of allfive lines were effectively nodulated by 
several strains of Rhizobium japonicum, thus indicating that the 120,000-dalton soy- 
bean seed lectin is probably not required for the initiation of soybean-Rhizobium 
symbiosis. 

Approximately 175 million metric tons (1). Legume-Rhizobium symbioses are 
of atmospheric nitrogen are biologically markedly species-specific in that a given 
fixed each year by microorganisms. The legume is usually nodulated by only a 
fixation of almost half of this amount is small group of rhizobial strains. The mo- 
the result of symbiosis between legumes lecular mechanism whereby leguminous 
and bacteria of the genus Rhizobium plants differentiate their symbiotic rhi- 

0036-8075/78/0616-1277$00.50/0 Copyright ? 1978 AAAS 1277 



zobia from nonsymbionts is unknown. 
More than 20 years ago, Makela (2) hy- 
pothesized, but failed to confirm, that 
plant lectins may be the molecules re- 
sponsible for recognition of symbionts. 
Recent data indicate that the seed lectins 
of several legumes, including soybean, 
bind to surface carbohydrates of sym- 
biotic rhizobia, but not to nonsymbionts 
(3). As a result of this striking specificity 
of a host molecule for symbionts, the lec- 
tin recognition hypothesis has been re- 
vived and is the subject of considerable 
investigation. 

There have been a number of system- 
atic investigations on the variation in 
production of lectin among cultivars of a 
given legume species, but none have 
been related to recognition of symbionts. 
Almost 30 years ago, Boyd and Reguera 
(4) reported that seeds of 18 of 62 culti- 
vars of lima bean (Phaseolus lunatus) 
lacked agglutinating lectins. Similarly, 
Brficher et al. (5) studied agglutinating 
lectins in individual seeds of P. aborigi- 
neus. Although all seeds of some collec- 
tions (211 of 211 seeds) contained lec- 
tins, as few as 23 percent in other collec- 
tions contained lectins. In addition, the 
results of a large-scale screening study in 
genera such as Canavalia, Dolichos, 
Glycine, and Pisum indicate that varia- 
tion in lectins with cultivar may be wide- 
spread in the legumes (6). 

The soybean, Glycine max (L.) Merr., 
contains a lectin with a molecular weight 
of about 120,000 and specificity for D-ga- 
lactose and N-acetyl-D-galactosamine 
(7). This lectin, here termed soybean lec- 
tin (SBL), is often accompanied by mi- 
nor isolectins of similar composition and 
binding specificity (8). Fountain and 
Yang (9) recently reported that the major 
lectin in seeds of the soybean line D68- 

Fig. 1. Protein-stained polyacryl- 
amide gel electrophoresis patterns 
of soybean extracts, SBL, and lyso- 
zyme. Electrophoresis was carried 
out on 10 percent polyacrylamide 
gels at 22?C in a glycine-citric acid 
buffer (pH 3.7) for 90 minutes at 3.5 
mA per tube. From left to right: 10 1l 
of lysozyme (1 mg/ml); 35 ul of SBL 
(1 mg/ml); 35 /,1 of SBL (1 mg/ 
ml) + 10 Al of lysozyme (1 mg/ml); 
50 Al of Amsoy extract; 50 A1 of Am- 
soy extract + 10 A1l of lysozyme (1 
mg/ml); 50 A1 of Amsoy extract + 35 
/l\ of SBL (1 mg/ml) + 10 pl of lyso- 
zyme (1 mg/ml); 50 Aul of T102 ex- 
tract; 50 ,ul of T102 extract + 10 l1 of 
lysozyme (1 mg/ml); and 50 /z1 of 
T102 extract + 35 ,1l of SBL (1 mg/ 
ml) + 10 ,ul of lysozyme (1 mg/ml). 
The arrow marks the SBL band at RF 
0.48. 

127 has a molecular weight of 92,000 and 
may be one of the earlier described iso- 
lectins; SBL was present in seeds of 
D68-127, but as a minor component. A 
survey of 14 other soybean lines in- 
dicated additional variation in isolectin 
profiles. We report here the results of a 
successful search for lines of soybean 
that lack SBL. The availability of such 
lines in turn allowed us to evaluate the 
involvement of SBL in soybean-Rhizo- 
bium symbiosis. 

Seeds of 102 soybean lines were pow- 
dered and exhaustively defatted with pe- 
troleum ether. A portion of the seed meal 
from each line (1 to 2 g) was extracted for 
2 hours with phosphate-buffered saline 
(PBS) containing tritium-labeled SBL of 
known specific activity (10). Each ex- 
tract was clarified and subjected to affini- 
ty chromatography with a Sepharose af- 
finity adsorbent derivatized with N- 
acylgalactosamine as described previ- 
ously (11). Each column eluant contain- 
ing SBL was dialyzed, and its specific 
activity was determined by liquid scintil- 
lation spectrometry and protein mea- 
surement by the method of Lowry et al. 
(12). 

For 97 lines of G. max, the amount of 
SBL ranged from 2.5 to 12.2 mg per gram 
of defatted seed meal. At a = .05, there 
were no significant correlations between 
lectin and protein content or lectin and 
oil content in the seed. As expected, 
there was a significant negative correla- 
tion between oil and protein content. In 
7.5 percent acidic gels (13), SBL from 
each of the 97 lines electrophoresed as a 
single band that corresponded to that of 
the 120,000-dalton SBL. The remaining 
five lines (Columbia, Norredo, Sooty, 
T102, and Wilson-5) lacked any detect- 
able endogenous SBL. Recovery of add- 
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ed tritium-labeled SBL from these five 
lines was from 38 to 68 percent (mean, 51 
percent), a range of variation which is 
well within that of the other 97 lines (20 
to 83 percent; mean, 50 percent). There- 
fore, the failure to recover endogenous 
SBL from the five lines was not due to 
inactivation of the lectin during extrac- 
tion. 

Several additional tests were per- 
formed to determine if even trace 
amounts of lectins could be detected in 
the seeds of the five soybean lines that 
lacked SBL. The first was hemagglutina- 
tion, which had a detection limit of 1 utg 
of purified SBL per milliliter. Seed meal 
from each of the five lines and from 20 
randomly selected control lines was ex- 
tracted with PBS (50 mg of meal per mil- 
liliter of PBS). After clarification and 
dialysis, the hemagglutination titer of 
each extract with trypsinized type O 
erythrocytes was determined (14). 
Whereas titers of the extracts from the 
control lines varied from 8 to 128, the 
erythrocytes were not agglutinated by 
extracts of the five lines at any dilution. 

Proteins in extracts of the seeds of the 
five soybean lines and the 20 controls 
were next labeled with fluorescein 
isothiocyanate and evaluated for binding 
to cells of eight strains of Rhizobium 
(15). The binding of extracts from each 
of the 20 control lines to rhizobial cells 
was identical to that of purified SBL, but 
extracts of each of the five soybean lines 
failed to bind to cells of any of the rhi- 
zobia strains. 

In a third test, protein extracts from 
seeds were electrophoresed in poly- 
acrylamide disk gels (16) and the pres- 
ence of a band migrating coincident with 
authentic SBL was noted at RF 0.48 (RF 
is the mobility relative to the lysozyme 
protein band in a 10 percent poly- 
acrylamide gel cathodic system in which 
a glycine-citric acid buffer, pH 3.7, is 
used) (Fig. 1). The gels of the five lines 
without SBL did not have the protein 
band associated with the lectin, while all 
other lines tested had the SBL protein 
band. 

None of the five lines that lacked SBL 
are grown commercially in the United 
States. Columbia is a line introduced into 
the United States from China in 1908, 
Norredo is of unknown origin, and Sooty 
was selected from the line Cloud, which 
contains SBL. Line T102 is closely re- 
lated to Wilson-5, a subline of Wilson 
(contains SBL) which was introduced in- 
to the United States from northeast 
China around 1910. 

The capacity of the five soybean lines 
lacking SBL, as well as the SBL-contain- 
ing line Harosoy 63, to be nodulated by 
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R. japonicum (strains 3Ilb138, 505W, 
and 61A72) was evaluated by use of 
greenhouse-grown plants potted in 
washed sand. Each Rhizobium strain 
produced numerous healthy-appearing 
pink nodules on all six soybean lines 
within 3 weeks of inoculation. Thus soy- 
bean lines whose seeds lack SBL retain 
their ability to be nodulated by symbiotic 
R. japonicum. 

The remaining unanswered question 
for symbiosis is whether lines of G. max 
whose seed lack SBL are also without 
the lectin in their roots. Seedling roots of 
the line Beeson contain small amounts of 
SBL, but the lectin decreases to an unde- 
tectable level when the cotyledons ab- 
scise, about 2 weeks after planting (11). 
The origin of the root SBL in seedlings is 
uncertain, but it probably represents mo- 
bilized reserve SBL that had been stored 
in the cotyledons. If the genes con- 
trolling the absence of SBL in seeds of 
the five lines are structural, it follows 
that SBL is not involved in recognition 
of rhizobial symbionts by G. max. If, on 
the other hand, the genes are regulatory 
genes that control the levels of SBL in 
soybean tissues, it is plausible that SBL 
could be present in the roots of the five 
lines. Both possibilities, as they relate to 
soybean-Rhizobium symbiosis, should 
be examined. 
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soybean-Rhizobium symbiosis, should 
be examined. 
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Subpicosecond Spectroscopy of Bacteriorhodopsin 

Abstract. Subpicosecond pulses have been used to study the ultrafast dynamics of 
the photochemistry of bacteriorhodopsin. An optically induced absorption that ap- 
pears in about 1.0 picosecond at physiological temperatures has been resolved in 
time. The data can be interpreted in terms of the photochemical formation of bath- 
obacteriorhodopsin and provide support for an excitation mechanism involving mo- 
lecular rearrangement in the protein induced by electron redistribution in the chro- 
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Newly developed techniques for the 
generation and utilization of subpico- 
second optical pulses (1) have been ap- 
plied to the study of systems ranging 
from relatively simple organic molecules 
(2-4) to complex proteins (5). We have 
employed these techniques to study the 
ultrafast photochemistry of bacteriorho- 
dopsin at physiological temperatures. 
Bacteriorhodopsin is of interest because 
of its similarities to visual pigment rho- 
dopsins and its biological role as an ener- 
gy converter. Time-resolved studies play 
an important role in distinguishing be- 
tween different types of molecular trans- 
formations involved in its photochemis- 
try. 

Bacteriorhodopsin develops in the 
plasma membrane of Halobacterium ha- 
lobium when this bacterium is grown in 
light and at low oxygen tension (6). It 
acts as a light-driven proton pump (7), 
converting light energy into chemical en- 
ergy and subsequently into a proton gra- 
dient across a cell membrane. This gradi- 
ent is then used to generate adenosine 
triphosphate, in agreement with the 
Mitchell hypothesis (8). 

The chromophore in both rhodopsin 
and bacteriorhodopsin is retinal, com- 
plexed to an e-amino group of the lysine 
residue (6) through a protonated Schiff 
base linkage (9). It has been shown that 
light absorption in both these pigments 
produces a new species, called the batho 
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intermediate, which has an absorption 
maximum - 40 to 45 nm to the red of 
that of the rhodopsin from which it is 
produced. The batho intermediate then 
thermally relaxes to a species with an ab- 
sorption that is once again similar to that 
of the parent pigment. These similarities 
may indicate that the primary mecha- 
nism of light excitation is the same in 
both rhodopsin and bacteriorhodopsin. 

Figure 1 shows the photochemical 
cycle of light-adapted bacteriorhodopsin 
as outlined by other workers (10). We 
are interested in the dynamics of the pri- 
mary step: bacteriorhodopsin bR570 -> 

bathobacteriorhodopsin K610 at physio- 
logical temperatures. Previous studies 
(11, 12) indicated very rapid (< 6 psec) 
formation of the batho species at higher 
energy (13). The results (11, 12) were 
limited in resolution by the duration of 
the excitation and probing pulses. In the 
work reported here we were able to re- 
solve the formation time of K6,0 by using 
subpicosecond optical pulses. 

The experimental apparatus we used 
has been described (1, 4). The pulse train 
consists of subpicosecond optical pulses 
at 615 mm, near the absorption maxi- 
mum of K610, from a passively mode- 
locked continuous-wave dye laser. The 
pulses are obtained by acousto-optic 
dumping from the laser resonator at a 
repetition rate of 105 per second. After 
compression with a grating pair, the puls- 
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