
36-kD protein by pp60V-SrC occurs exclu- 
sively in the membrane (29). 

Finally, in addition to being transfor- 
mation-sensitive, the extent of myristyl- 
ation of the 36-kD protein in CEF cells 
may be far less than that recently report- 
ed for pp6OV-"'" protein kinase (31). Buss 
and Sefton (31) suggested a near stoi- 
chiometric modification of pp60V-"" with 
myristate that may not differentially in- 
fluence the structure, function, or loca- 
tion of pp6OV-"'". The partial acylation of 
the 36-kD protein may have a more regu- 
latory role in this regard. 
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Ambient Levels of Oaoae Reggce Net Photosynthesis in Tree 
and Crop Species 

Abstract. Experiments were conducted to measure the photosynthetic response of 
three crop and four tree species to realistic concentrations of ozone and (fop tree 
species only) simulated acidic rain. The ozone concentrations were representative of 
those found in clean ambient air, in mildly to moderately polluted air such as occurs 
in much of the United States during the summer, and in more heavily polluted air. 
However, the highest concentrations of ozone used were lower than those Jound 
regularly in the Los Angeles area. The mean pH of the simulated acid rqip 
treatments ranged from more alkaline to much more acidic than the mean pp of 
precipitation in the United States. Exposure to any increase in ozone reduced pet 
photosynthesis in all species tested. In contrast, acidic rain had no negative effect on 
photosynthesis in tree species, and no interaction between ozone and acidic rain was 
observed. Ozone-induced reductions in photosynthesis were related to de~l ines  in 
growth or yield. Species with higher stomata1 conductances and thus higher 
potential for pollutant uptake exhibited greater negative responses to similar ozone 
treatments. Since exposure to ozone concentrations typical of levels of the po/lutant 
observed in the eastern half of the United States reduced the rptes of net 
photosynthesis of all species tested, reductions in net photosynthesis may be 
occurring over much of the eastern United states. 

~ T E R  B. REICH* 
ROBERT G. AMUNDSOW 
Boyce Thompson Institule, 
Cornell University, Tower Road, 
Ithaca, New York 14853 

*Present address: Department of Forestry, Univer- 
sity of Wisconsin, Madison 53706. 

The question of how atmospheric pol- 
lution affects vegetation in North Ameri- 
ca is receiving much attention in the 
scientific and political communities. For- 
est decline has been observed on ex- 
treme sites such as mountaintops (I), 
and there is some evidence for decline in 
forest growth elsewhere (2,3). However, 
the nature and magnitude of effects of 
atmospheric pollution on American for- 
ests are relatively unknown, although it 
is generally believed that the situation in 
the United States is not yet as dire as 
that in Central Europe (4, 5). 

The agents responsible for the ob- 
served dieback of forest trees in the 
United States or for potential decline in 
forest growth have not been identified, 
but many candidates have been pro- 
posed. In addition to patural agents such 
as insects, drought, and disease, atmo- 
spheric pollution has been considered a 
prime factor (4, 5). Acidic rain is the 

f ~ r m  of pollution currently receiving the 
q ~ s t  attention. Rainfall that is consid- 
ered unnaturally acidic has been mani- 
tored across much of the United States, 
and its widespread occurrence has led yo 
the suggestion of potentially large-scale 
iqpacts. However, in spite of consider- 
able data indicating that acidic rain might 
be responsible for damage to lakes and 
aquatic systems (6 ) ,  similar effects Qn 
terrestrial systems have not yet been 
documented. 

In contrast, ozone (03) is considered 
to cause the greatest amount of damage 
to vegetation of any gaseous pollutant 
(7). In much of North America during the 
summer, vegetation is exposed frequepf- 
ly, if not daily, to low or moderate cog- 
centrations of O3 of anthropogenic ori- 
gin. For instance, mean daily 7-hour 
(1000 to 1700 hours) concentrations of O3 
in major agricultural areas of the United 
States are estimated to be between 0.04 
and 0.07 ppm during the growing season 
(8). Such concentrations have reduced 
yields of crops and growth of tree spe- 
cies without visibly injuring foliage (8- 
10). It is still not clear how O3 causes 
such effects or why certain species or 
cultivars are more sensitive than others 
to this pollutant. 

The net photosynthetic assimilation of 
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COz (P,] is cioseiy related to crop yield 
(II) ,  and for all plants P, largely deter- 
mines fHe dfy matter accumulation. 
Thus, effects of aif pbllutant stress on P, 
should be directly ;elated to effects on 
growth br In fact, alteration of P, 
could be the prirhary way in which gas- 
eous pollutants affect plant growth. Fe- 
duced Ph as a rewlt of exposure to low 
concentrations of O3 (<0.15 ppm) has 
been reported for pine (12, IS), bean 
(14), $rltl pbplar (15); however, feU, other 
studiks fiave assessed the respdnse o!i P, 
to lbw o3 concentratiohs. 

Dudhg the past sevdral years in this 
laboratory we modit,ofed the P, respohse 
to O3 of four tree and thfee crop species 
(Table 1). Either indivihal leaf or whole 
plant P, was heasuf-ed for each species 
in resbonse to treatinent kith three or 
four concentrations of b3. In addition, 
the leaf tliffusive son(iuctahce and water 
use efficiency (grams of water irahspired 
per milligram of cb2 uptake), of the 
plants were measure%. Teri studles were 
conducted with the seveh sfiecies. 1ri 
four studies (soybedn, wheat, clover, 
and red oak) we used open-top chambers 
(16) in the field, hnd in six studies (soy- 
bean, two white pfhe,. hybrid poplar, 
sugar maple, and fed oak) we used con- 
trolled-environment fuhigation cham- 
befs (15). In each sludy, O3 fumigations 
were applied duflng the same hours on 
the same days in $11 O3 treatments. Thus, 
differences in cdncknti-ation and dose 
(concentration multiplied by the number 

of hours of exoosure) between treat- 
hents withih a study were exactly relat- 
ed. However, since different exposure 
rtgimes Wtre used in the different ex- 
ptriments (for exanlple, hours of fumiga- 
tion per day, weeks of fumigation per 
experiment), dbmpal-isons between spe- 
ties Will be made on the basis of dose- 
response. No "zero" O3 treatments 
Were used in any studies; instead, the 
lowest tfkatment level was in the range 
of backgrouhd O3 cbncentrations in 
clean aitfbient air (0.01 to 0.04 ppm). 

To analyze tHe impact of long-term O3 
pbllbtioh on P,, one must realize that P, 
rdtes in all species change as leaves age 
(15). Therefore, for example, plants (or 
leavesi that have received O3 treatments 
for 25 days and Ire 60 days old should 
not be compared directly to those that 
have received identicai treatments for 25 
days bdt are 45 days did. In our studies, 
comparisons between treatments were 
made between leaves (or plants) of simi- 
lar ages that were simultaneously ex- 
posed to O3 but ttiht received different 
doses of 03. Alsb, for measurements of 
individyal leaf P,, d o ~ t  was calculated 
for each leaf used and hot per plant. 

Detailed descriptions of the cul- 
ture, exposufe techni~ues, and experi- 
mental methods bsed wiil be bresented 
elsewhere (15). We generated the O3 
used in the fumigations by exposing O2 
to an ultraviolet light soul-ce (laboratory) 
or to electrical discharge (field). We used 
Teflon lines to sample the chamber at- 

mospheres; O3 concentrations were 
measured with chemiluminescent O3 
monitors (model 8410E, Monitor Labo- 
ratories, San Diego, California) which 
were calibrated with an Environmental 
Protection Agency standard O3 moditor 
(model 1003-PC, Dasibi Environmental 
Corporation, Glendale, California) dedi- 
cated for calibration purposes only. The 
amount of O3 "lost" while chamber air 
was passihg through the Teflon sampling 
lines was measured and treptment con- 
centrations were adjusted for such 
losses. 

Three or four O3 treatments were used 
in each experiment (Table If .  Mean O3 
expbsdfe concentrations were within the 
range of 0.02 to b. 14 ppm, and the maxi- 
mum doses were less than 30 ppm-hour 
for the tree species and 15 ppm-hour f o ~  
the crop species. By cofiparison, mean 
daytime concentr~tions of O3 during the 
summef are q.01 to 0.04 p@in in clean 
ambient air, 0.04 to 0.07 ppm in major 
aghcultural areas of the centi-al United 
states, and 0.10 to 0.15 ppm in southern 
California (8, 17). The dose of O3 in most 
of the eastern United States during a 10- 
week period in the summer tanges be- 
tween 30 to 45 ppm-hour. Thhs, the 
experimental treatniehts met our objec- 
tive of exposing blants to O3 concentra- 
tions ranging from those found in clean 
air to those comparable to and slightly 
higher than currently found in rural ar- 
eas, 

We used several methods to measure 

  able 1. Experiments conducted to measure net photosynthesis (P,J in response to frequent exposure to 0,. Three species were also exposed to 
Simulated acidic rain (see the last footnote). All laboratory studies were conducted with 15- or 16-hour photoperiods, day :nikht temperatures of 
23":20°C (except 22: 1 7 " ~  for sugar maple), and day:night relative humidities of 50:60 * 5 percent. 

O3 exposure 

Species hdeln O3 concentration 
( P P ~ )  

Hddrs Days Type of P, measurement; 

pe f 
No, of 

Per technique used? 
day week 

weeks* 

Laboratory strrdieh 
Acer saccharumf 0.03, 0.06, 0.09, 0.12 7.0 5 7 Leaf; mass balance 

(sugar maple) 
Glycine max cv. 0.01, 0.05, 0.09, 0.13 6.d 7 3 Leaf, whole plant; 

Hodgson (soybean) mass balance 
Pinus strobusf 0.02, 0.06, 0.10, 0.14 7.0 3 12 Whole pladt; mass balance 

(eastern white pine) 
Pinus strobus 0.02, 0.10, 0.14 7.d S 12 Whole plant; mass balance 
Populus deltoides 0.025, 0.085, 0.125 5.5 6-7 6 Leaf; mass balance 

X trichocarpa 
(hybrid poplar) 

duercns rubraf 0.02, 0.07, 012 7.0 5 10 Leaf; mass balance 
(ndtthern red oak) 

Field studies 
Glybine max cv. Hodgson 0.017, 0.035, 0.060, 0.084, 0.122 7.0 7 3 Leaf; C 0 2  depletion 
Quefcus rubra 0.023, 0.048, 0.068 7.0 7 9 Leaf; mass balance 
Trro l i~m repens cv. 0.019, 0.045, 0.070, 0.090 10.0 6 3 Leaf; I4CO2 fixation 

Atlidgtbh (red clover) 
Triticum aestivum cv. 0.027, 0.054, 0.076, 0.096 7.0 7 3 Head, whole plant; 

Voha (widter wheat) mass balance 

*Mi~vlmum ex osure for follage used In measurements of P,. thxcept for the "C method, all measures of P,, were nondestructive and were made on Intact fol~age 
orplants. ! Ail plants withln each 0, level were also exposed to acldic ram treattnents. pH 5.6,  4.0, and 3 0 for sugar maple; pH 5 0, 4.0, and 3.0 for red oak, and 
pH 5.6,  4 0, 3.5, and 3.0 for white plne 
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Fig. 1 (left). Net photosynthesis (P,) of seven species in response to mean O3 exposure 
concentration. The plants of each species were exposed to 0, for differing lengths of time and 
thus received different doses (see Fig. 2). Species abbreviations: CL, red clover; WH, wheat; 
SB, soybean; HP, hybrid poplar; SM, sugar maple; RO, northern red oak; and WP, eastern 
white pine. All P, values are reported on a leaf area basis (milligrams per square decimeter per 
hour) except WP and WH, which are reported on a dry weight basis (milligrams per gram per 
hour). Each data point is, on average, a mean value of over ten determinations. P, had a 
significant (P  < 0.05, t test) linear response to concentration in all species. Fig. 2 (right). 
Percent reduction in P, (below the P, of plants P, of plants exposed to background doses 
of 0,)  for seven species in relation to increased dose of 0,. Symbols for species are explained 
in Fig. 1. 

P,. The primary method was the contin- 
uous monitoring of C02  mass balance. 
Intact, individual leaves of maple, oak, 
poplar, and soybean, and whole white 
pine seedlings, were placed inside porta- 
ble thermoelectrically cooled and heated 
cuvettes ( I S ) .  In the field, P, was mea- 
sured when the air temperature was 22" 
to 26°C. In each experiment, all O3 treat- 
ments were monitored for P, under simi- 
lar conditions of temperature, irradi- 
ance, and relative humidity. The air tem- 
perature controller in the cuvette was set 
to equal the ambient air temperature in 
either the growth chamber (see Table 1) 
or the field (open-top chamber). Air was 
pulled through the cuvette at a controlled 
flow rate (between 1 and 3 liter min-I), 
and the difference in the C 0 2  concentra- 

tion between the airstream entering and 
the airstream leaving the cuvette was 
continuously monitored with an infrared 
COz analyzer (ANARAD model AR- 
6000). During measurements of P,, the 
COz concentration in the cuvette was 
320 to 330 ppm. Irradiance in the cuvette 
was generally about 700 and > 1300 kmol 
m-2 sec-', respectively, for measure- 
ments of P, in the growth chamber and 
in the field (open-top chamber). Irradi- 
ance levels were greater than 80 percent 
of saturation for all species. Continuous- 
ly stirred tank reactors modified from the 
design of Rogers et al. (18) were used to 
measure the C 0 2  mass balance of whole 
soybean plants, and cylindrical cuvettes 
were used in the field to measure the 
C 0 2  mass balance of a canopy of winter 

Fig. 3.  Percent reduc- 
tion in P, in relation to 
the percent reduction 
in growth; for both P, - 
and growth, the per- 2 20 
cent reduction is in 
comparison to plants 
exposed to back- 
ground doses of 03. ,g , 

Symbols are ex- 
plained in Fig. 1. ; 60 . 
Growth, expressed as 
total dry weight, was 
used as the measure 6 .  
of growth for all spe- L .  I I .  

cies except wheat, for 0 20 40 0 2 4 
Reduction in growth (%) Reduction in growth (%) per 

which grain dry equivalent dose of 03 

weight was used. Re- 
ductions in total dry weight and in yield (grain or seed dry weight) due to O3 were well 
correlated with data for soybean and wheat in other studies. (A) Percent reduction in several O3 
treatments; the relations are within species; poplar, soybean, and wheat are used as examples. 
(B) Percent reduction per equivalent dose of O3 (1 ppm-hour); the relation is between species. 

wheat plants. With both systems, C 0 2  
exchange was measured as described 
above. We measured photosynthesis in 
clover leaves by using a 14C02 exposure 
technique (19). Stomata1 conductance of 
water vapor was measured with a 
steady-state porometer (model LI-1600, 
LI-COR, Lincoln, Nebraska). 

All data were subjected to analysis of 
variance. Treatment sums of squares 
(and degrees of freedom) were parti- 
tioned with the use of orthogonal con- 
trasts; linear, quadratic, and, where ap- 
plicable, cubic effects of the pollutants 
were tested by regression analysis. Once 
these effects had been determined, expo- 
sure-response equations (for both dose 
and concentration) were developed. In- 
asmuch as the number of O3 treatment 
levels was three to four, the analyses 
could only test for and contrast between 
linear, quadratic, and sometimes cubic 
responses. 

In all seven species, long-term expo- 
sure to O3 caused a linear reduction in P, 
in relation to O3 concentration (Fig. 1). 
In no case did the foliage show the 
"classic" symptoms of visible injury as- 
sociated with acute exposure to O3 (20). 
Because of the differences in exposure 
regimes (hours per day and days per 
experiment) between experiments, it 
may be inappropriate as well as difficult 
to directly compare the responses of the 
species on the basis of a mean O3 expo- 
sure concentration. However, when the 
responses are compared on the basis of a 
unit dose of 0 3 ,  the results are more 
easily interpreted. The crop species (clo- 
ver, soybean, and wheat) and hybrid 
poplar had high inherent rates of P, (Fig. 
1) and experienced much greater de- 
clines in P, per unit dose of O3 than the 
three other tree species (Fig. 2). For 
instance, P, was reduced by 50 percent 
in clover and wheat after these species 
had received a dose of 10 ppm-hour, 
whereas in white pine a reduction of 10 
percent was observed after plants re- 
ceived a much higher dose (30 ppm- 
hour). In comparison, the dose (between 
1000 and 1700 hours daily) from expo- 
sure to ambient O3 for 15 weeks in major 
agricultural regions of the United States 
(but not California) would average be- 
tween 35 and 50 ppm-hour (8). Doses 
would be higher in parts of California. 

Within species, reductions in growth 
were related to reductions in P, (Fig. 
3A). In addition, the relative (percent- 
age) decline in P, per unit dose of O3 of 
the species was apparently related to the 
respective relative decrease in growth 
per unit dose of O3 (Fig. 3B). Decreased 
P, is probably the main cause of reduced 
growth in plants exposed to relatively 
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low concentrations of O3 (concentrations 
that do not cause symptoms of visible 
injury). 

Furthermore, the apparent sensitiv- 
ities of the species were well related to 
their inherent leaf conductances: there 
was a positive relation between the light- 
saturated leaf conductance of the plant 
under nonpolluted conditions and the 
average percentage reduction in P,  per 
unit dose of O3 (Fig. 4). Inasmuch as the 
uptake of O3 at low concentrations 
should be determined primarily by leaf 
conductance (21), the large inherent dif- 
ferences in conductance between the 
species would correspond to large differ- 
ences in internal O3 dose, even at similar 
O3 concentrations. Therefore, in spite of 
species differences in response to appar- 
ently similar internal doses (see soybean 
versus poplar, Fig. 4), the internal dose a 
plant receives will, in general, be the 
most important factor determining the 
extent of impact of O3 pollution, and the 
internal dose is usually largely deter- 
mined by leaf conductance. Clearly, oth- 
er factors can also affect pollutant uptake 
by influencing stomatal function (22). 
For example, relative humidity, light, 
temperature, or drought can affect leaf 
conductance and thus the internal dose 
of 03 ,  thereby influencing the impact of a 
given O3 concentration on P ,  or growth, 
or both. Drought-stressed soybean 
plants had lower conductances than sim- 
ilar but well-watered plants (23), and the 
relative effect of O3 on growth was less 
in the water-stressed treatment (24). 

There are several ways by which O3 
could affect P,  and leaf conductance. It 
could directly affect both processes, or it 
could directly affect one of them and 
indirectly influence the other. Since de- 
clining leaf conductance was not ob- 
served in pine, oak, or maple as a result 
of O3 exposure (25), P,  in these species 
much have been directly affected by 03. 
Even for species in which leaf conduct- 
ance was afiected by O,, examination of 
leaf conductance, P,, and water use effi- 
ciency data indicates that P ,  did not 
decrease as a result of stomatal closure 
but that, on the contrary, increased in- 
ternal C 0 2  concentration, due to re- 
duced P,, was probably responsible for 
the decline in leaf conductance (15, 23, 
26). 

Low concentrations of O3 may affect 
P,  through several mechanisms. For in- 
stance, O3 reduced the quantum yield of 
poplar leaves at low light levels as well 
as P, at saturated light levels (15) and 
reduced the content of RUBP carboxyl- 
ase in alfalfa (27). Long-term exposure to 
O3 can also accelerate the leaf aging 
process. Such an acceleration appears to 

Leaf conductance (cm sec-') 

Fig. 4. Percent reduction in P, per equivalent 
dose of O3 (1 ppm-hour) in relation to mean 
light-saturated leaf conductance (centimeters 
per second) of unpolluted plants. The relation 
is between species. Symbols are explained in 
Fig. 1; ROI, laboratory red oak; RO,, field red 
oak. 

account, at least partially, for the way 
that O3 affects hybrid poplar (15, 28). 
Accelerated aging is a general response 
to many stresses, and the specific aging 
mechanism or mechanisms influenced by 
O3 may be as difficult to characterize as 
the overall processes of aging and senes- 
cence have been. 

In contrast to the results with 03,  
intermittent exposures for up to 10 
weeks to simulated rain (acidic rain) with 
pH as low as 3.0 had no direct negative 
effects on P ,  in sugar maple, red oak, or 
white pine seedlings. Seedlings were 
treated twice weekly with 1.25 cm of 
simulated rain (pH between 5.6 and 3.0). 
The rain solutions were acidified with a 
mixture of sulfuric and nitric acids (2: 1 
on a weight basis). Droplet size, deposi- 
tion rates, and rainfall amounts were 
typical of ambient rainfall in the eastern 
United States. The acidity of the rain 
treatments ranged from more basic to 
much more acidic than the mean acidity 
of rainfall in the United States. For red 
oak and sugar maple, acidic rain treat- 
ments had no detectable effect on P ,  or 
plant growth. In white pine, P,  and 
growth increased linearly with the in- 
creasing acidity of the acidic rain in 
seedlings grown in forest soils of low 
nitrogen availability, and there was no 
effect in soils with high nitrogen avail- 
ability. There was no interaction be- 
tween acidic rain and O3 treatment for 
any of the species: acidic rain did not 
alter the effect of O3 on P,,  and 0 3  

exposure had no influence on the re- 
sponse to acidic rain. Acidic rain treat- 
ments did, however, affect mycorrhizal 
infection in oak and pine seedlings (29). 

Frequent exposure of a variety of 
plant species to relatively low 0 3  con- 
centrations caused reductions in P, that 
were linear with respect to both O3 con- 
centration and dose, and the reductions 
in P, resulted in similar declines in 
growth or yield. Thus, for exposures of 
equal duration, an increase in O3 concen- 
tration from 0.01 to 0.05 ppm will have 
the same effect on P ,  and growth as an 
increase from 0.06 to 0.10 ppm. Similar- 
ly, an increase in dose of O3 from 4 to 10 
ppm-hour should be equivalent in its 
effect on P ,  to an increase from 14 to 20 
ppm-hour (30). Therefore, because the 
O3 concentrations and doses used in this 
study ranged from background (clean 
air) to moderately high levels, these data 
suggest that any increase in O3 concen- 
tration above those found in clean air 
will cause a decrease in P,. Moreover, 
these results indicate that many plant 
species in the eastern United States 
probably are experiencing some de- 
crease in P,  and growth as a result of 
current ambient O3 pollution. Field stud- 
ies at various other sites corroborate this 
point (8, 10, 31). 

In addition, our data suggest that re- 
sponse to O3 (as a general trend) is 
determined largely by the inherent gas 
exchange of the species in question. 
Fast-growing plants with high P ,  (such 
as most crops) also have higher O3 up- 
take rates than plants (such as trees) with 
lower conductances: therefore. the an- 
nual measurable impact of O3 is greater 
for crop than for forest ecosystems. 
However, trees probably experience an- 
nual reductions in growth due to 03 ,  
which may be compounded over time. If 
the growth of trees was reduced by even 
1 to 2 percent annually, that would result 
in much larger reductions over one or 
two decades. Also, reduced vigor in 
trees could render them more susce~ti-  
ble to insects, diseases, or abiotic stress- 
es such as cold or drought. 

A distinction should be made between 
forests at high versus low elevations. 
Forests at high elevations experience a 
far more naturally stressed environment 
than other forests, and in North America 
dieback has been reported only for these 
areas. High-elevation forests may be re- 
sponding to a different, or larger, set of 
stresses than other forests. The combi- 
nation of natural stresses (for example, 
low fertility, extreme temperatures, lack 
of soil, high winds, low availability of 
water) with both O3 and acidic deposi- 
tion may be responsible for forest die- 
back at high elevations. In other forests, 
reduction in growth has been tentatively 
observed for only a few species or areas, 
and it is possible that these forests are 
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responding primarily to long-term O3 
pollution. The situation is complex, how- 
ever, since all forest ecosystems are 
composed of unique combinations of bi- 
otic, geologic, edaphic, and climatic fac- 
tors. 

The results of this study do not conclu- 
sively answer the question of how pre- 
sent levels of atmospheric pollution are 
affecting vegetation. In general, im- 
proved monitoring of ambient O3 con- 
centrations in agricultural and forested 
regions throughout the country must oc- 
cur before good estimates of the extent 
of 03-induced reductions in P,  and 
growth can be made. In addition, O3 
concentrations may reach peak values in 
ambient air at potentially critical times, 
such as during periods of leaf expansion, 
flowering, or seed maturation. Further- 
more, many questions about the long- 
term effects of acidic rain on soils, 
plants, or soil microorganisms remain 
unanswered. The results of this and oth- 
er studies do, however, indicate that 0 3  

is an important pollutant affecting vege- 
tation. Researchers working toward 
identifying whether North American for- 
ests or agro-ecosystems are suffering a 
general decline and understanding the 
causes of such a decline must assess the 
impact of O3 pollution as well as that of 
acidic deposition. 
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Functional Relation Between HTLV-I1 x and Adenovirus E1A 
Proteins in Transcriptional Activation 

Abstract. The mechanism of cellular transformation by the human T-cell leukemia 
viruses (HTLV) is thought to involve a novel gene known as the x gene. This gene is 
essential for HTLV replication and acts by enhancing transcription from the HTLV 
long terminal repeat. The HTLV x gene product may also cause aberrant transcrip- 
tion of normal cellular genes, resulting in transformation of the infected cells. 
Although there is no evidence as yet for such a mechanism, it was shown that the 
HTLV-II x gene product can activate transcription from adenovirus ElA-dependent 
early promoters and therefore has the potential to activate cellular genes. It was also 
shown that the adenovirus and herpes pseudorabies immediate early proteins 
activate expression from the HTLV-I and HTLV-II long terminal repeats, though at 
lower levels than with the x gene product. TheseJindings indicate possible common 
mechanisms of action for transcription-regulatory genes of distinct viruses. 
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The human T-cell leukemia viruses 
type I (HTLV-I) and type I1 (HTLV-11) 
are associated with specific human T-cell 
malignancies (1). HTLV-I is the appar- 
ent etiologic agent of adult T-cell leuke- 
mia, a highly malignant leukemiallym- 
phoma endemic to parts of Japan, the 
Caribbean, and Africa (I). HTLV-I1 has 
been associated with a single case of T- 
cell variant hairy-cell leukemia (14) .  
Both types of HTLV transform normal 
human cord or peripheral blood T lym- 
phocytes in vitro, as defined by the con- 
tinued proliferation of the T cells in the 
absence of exogenous interleukin-2 (5). 
The mechanism of cellular transforma- 
tion by HTLV is unknown. HTLV is 
unlike acutely transforming retroviruses 
in that no viral oncogene is present in the 
HTLV sequence (3, 4), and it is unlike 
the nonacute leukemogenic retroviruses 
in that it does not appear to induce 
malignancies by association with cellular 
oncogenes (6). Therefore, HTLV ap- 
pears to transform cells by a mechanism 

different from that of other retroviruses. 
Both HTLV and bovine leukemia vi- 

rus (BLV), an oncogenic virus of cattle 
sharing many biological and molecular 
features with HTLV (7), have a gene 
termed x or lor (3, 4) that is not present 
in the genomes of other animal retrovi- 
ruses. This gene, which is hypothesized 
to be the transforming gene of HTLV 
and BLV, encodes a protein of 40 kD 
and 37 kD in HTLV-I- and HTLV-II- 
infected cells, respectively (8). The x 
gene is essential for HTLV replication 
and acts to enhance transcription by the 
HTLV long terminal repeat (LTR) (9). 
Mutants of HTLV that are defective for 
x gene functions transcribe only very low 
levels of HTLV RNA. The x gene prod- 
uct has a nuclear subcellular localization 
consistent with its proposed function in 
transcriptional activation (10). 

Certain DNA viruses have gene prod- 
ucts that act to enhance transcription by 
some viral promoters (11). For example, 
a gene product expressed by the E1A 
gene of adenovirus early after viral infec- 
tion facilitates transcription by six 
unique adenovirus promoters (1 1 ), sev- 
eral endogenous cellular genes (12), and 
newly transfected genes (13). In addition 
to those genes transcribed by RNA poly- 
merase 11, the E1A proteins can also 
activate genes transcribed by RNA poly- 
merase I11 (14). Adenovirus mutants 
lacking the E1A gene can transcribe 
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