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Fig. 3. Plots of minimum uplift versus sample age 
for the three study areas. The enclosed circles and 
dashed regression lines are for data points with 
altitudes corrected by the generalized sea level 
curve (14), whereas the open circles and solid 
regression lines are corrected according to the 
East China Sea curve (15). The slopes of these 
lines represent average uplift rates. Based on the 
errors shown (standard error of the regression), 
there is no significant difference in results with the 
use of either sea level curve for altitude correction. 
Crosses represent I4C ages with altitudes correct- 
ed by the generalized sea level curve. Abbrevia- 
tions: ka, thousand years ago; yr, year. 
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Broecker, J. M. A. Chappell, R. K. Matthews, and 
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lands, northeast of Taiwan (17). The moder- 
ately high uplift rate indicatedfor the south- 
ern peninsular area mav be related to the Indication of Increasing Solar Ultraviolet-B Radiation 
recehy proposed east&ard-plunging sub- Flu in Alpine Regions 
duction zone in southern Taiwan, centered 
at about 22"N (18). The uplift rates are in 
accord with the seismicallv based interpreta- BLuMTHALER WALTER AM~*cH 
tion that subduction is important in the 
southern part of the country, although its 
effects are perhaps less evident during the 
Holocene. 

Our analysis of the distribution and age of 
elevated coral samples across an active con- 
vergent margin in Taiwan has shown that 
uplift has persisted at a reasonably uniform 
rate through the Holocene. Comparison to 
other collisional boundaries must await sim- 
ilar investigations across other zones of tec- 
tonic convergence. - 
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Measurements at the Jungfraujoch High Mountain Station (Swiss Alps, 47"N, 3576 
meters above sea level) indicate that there has been a slight increase of about 1 percent 
per year in the flux of solar ultraviolet-B radiation (290 to 330 nanometers) since 
1981. A Robertson-Berger detector was used to measure solar erythema1 radiation. 
The increase can be related to a long-term ozone depletion. 

W ITH DEPLETION OF STRATO- the Northern Hemisphere, however ( 6 8 ) .  
spheric ozone (03) ,  the flux of Detection of a slight long-term increase is 
solar ultraviolet-B radiation not easy, because the flux of UVB reaching 

(UVB) (290 to 330 nm) reaching the the earth is influenced by numerous atmo- 
earth's surface should increase. Such an in- spheric conditions, apart from O3 content. 
crease could have various consequences; in 
particular, it could increase the risk of skin 
cancer (1-3). In the Northern Hemisphere, 
a slight O3 depletion of approximately 3% 
from 1969 to 1986 has been reported (4),  in 
contrast to a considerable O3 depletion over 
Antarctica in October (5) .  Earlier studies 
have not detected an increase in the UVB 
flux corresponding to the O3 depletion in 

Institute of Medical Physics, University of I ~ s b r u c k ,  
Muellerstrasse 44, A-6020 Innsbruck, Austria. 

changes in aerosol concentration, in cloudi- 
ness, and in the reflectivity of the earth's 
surface due to varying snow cover affect the 
flux of UVB. In addition, there is a strong 
natural seasonal variation of the O3 content 
in mid-latitudes (9). All these effects lead to 
a large variability in the flux of UVB at the 
earth's surface; this variability can mask a 
tendency toward a slight increase. 

In order to minimize the effects of these 
masking parameters and to identify long- 
term effects of decreasing O3 concentrations 
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on UVB, we have taken the following as- 
pects into consideration: 

1) In the Northern Hemisphere we have 
measured UVB and global radiation (solar 
radiation at wavelengths between 300 and 
2000 nm) at a high mountain station (Jung- 
fraujoch, Swiss Alps, 47"N, 3576 m above 
sea level) from 1981 to 1989. Both radia- 
tion fluxes were measured simultaneously at 
the same site. 

2) We analyzed the flux ratio of UVB to 
global radiation (UVBIG) instead of the 
UVB flux alone. Using this ratio reduces 
some of the effects of processes that control 
both W B  and global radiation. 

3) The Alpine high mountain station was 
used because the aerosol concentration there 
is small compared with that in urban areas. 
Moreover, effects of fluctuations of aerosol 
concentration are minimized bv the use of 
the flux ratio. 

4) We restricted the analysis to cloudless 
days and daily totals; thus, the influence of 
clouds was eliminated. Clouds filter W B  
less than global radiation (lo), and therefore 
the influence of clouds is not eliminated by 
use of the flux ratio. 

5) We analyzed residuals, which were 
calculated as the deviations of the individual 
values of UVBIG from the values, represent- 
ed bv a smoothed seasonal course. ~ h u s ,  the 
influence of the natural seasonal variation of 
O3 was eliminated and the long-term trend 
of UVB can be analvzed. 

We made measurements during 13  indi- 
vidual periods of approximately 8 weeks 
each from 1981 to 1989 (11). We measured 
UVB with a Robertson-Berger detector. ., 
The spectral sensitivity of this detector was 
adjusted to the action spectrum of human 
skin erythema (12, 13). Nevertheless, at 
longer wavelengths the detector is some- 
what more sensitive than human skin; hence 
the response of the detector to an O3 reduc- 
tion is-somewhat less than for human skin. 
Because the erythema reaction is considered 
to be representative for numerous biological 
reactions, catalyzed by UVB (14), the detec- 
tor indicates the biologically effective UVB. 
The data are given in sunburn units (SU), 
where 1 SU corresponds to the threshold 
dose for erythema (15). The long-term 
stability of the Robertson-Berger detector 
was controlled by permanent comparisons 
among four detectors at our station one " 
with another, and by repeated comparisons 
with a standard detector, provided by the 
manufacturer. This standard detector was 
checked frequently against a calibrating light 
source at the Health Sciences Center, Tem- 
ple University, Philadelphia. The influence 
of the detector temperature on the result 
was taken into consideration (16). Global 
radiation was measured with a pyranometer, 

0.0 
J F M A M J  J A S O N D  

Fig. 1. Seasonal variation of UVBiG as derived 
from daily totals on cloudless days from 1981 to 
1989, measured at the high mountain station 
Jungfraujoch. The solid line represents the best fit 
to the data. 

Fig. 2. Long-term tendency of the residuals of 
W B I G  from 1981 to 1989. The solid line repre- 
sents the regression line. 

and daily totals are in megajoules per meter 
squared. The pyranometer was calibrated 
regularly in the field by means of an acti- 
nometer, and the stability of the actinometer 
was checked several times at the World 
Radiation Center in Davos, Switzerland. 
The detectors were permanently controlled 
with respect to dirt or precipitation on the 
quartz domes. Because of these controls, we 
suggest that the data for both UVB and 
global radiation are not influenced by sys- 
tematic errors. 

In analyzing the data, we fitted all the 
individual values for the period 1981 to 
1989 with a curve representing the varia- 
tions in a single seasonal course (Fig. 1). 
This seasonal course is controlled bv both 
the variation of solar elevation and the varia- 
tion of O3 content. The value of UVBIG 
reaches a maximum in summer, because at 
high solar elevations the optical path length 
through the O3 layer is small. Only UVB is 
strongly reduced by absorption in the O3 
layer and not global radiation. In addition, 
the seasonal course is not symmetrical to the 
summer solstice, because the natural season- 
al variation of 0 7  content in mid-latitudes 
causes the O3 concentration to be lower in 
autumn than in spring. 

The residuals [see (5 ) ]  are the differences 

between the individual values and the best 
fitting seasonal curve for all the data, which 
is given by the function y = 0.49 + 0.31 
sin[0.0168 + (x - 90)], where y is UVBIG 
and x is the number of the day in the course 
of the year. Use of the residuals thus elimi- 
nates the influence of seasonal variations of 
solar elevation, stratospheric O3 concentra- 
tion, and cosine response error in the evalua- 
tion. 

Analysis of the residuals shows that the 
later data tend to yield positive residuals, 
whereas the early data show negative residu- 
als from the best-fit seasonal curve (Fig. 2) .  
Scattering of the residuals reflects daily O3 
variations. The slope and SD of the regres- 
sion line are 0.00534 k 0.00198 SU m2 
MJ-I significantly different from 0 
(P < 0.01). The significance of the positive 
slope of the relation is independent of the 
fitting function of the seasonal variation in 
the grouped data. This positive slope sug- 
gests that either (i) UVB has increased as 
compared with global radiation or (ii) glob- 
al radiation has decreased as compared with 
UVB. Because there is no indication that 
global radiation has decreased significantly 
during recent years, we interpret the positive 
slope as reflecting an increase in the intensity 
of UVB since 198 1. Compared to the mean 
value of UVBIG (0.49 SU m2 MJ-', Fig. 
l ) ,  the data indicate that the increase in 
UVB was 1.1 i 0.4% per year from 1981 
to 1989. The percentage increase depends 
strongly on the reference value selected, 
however. If the maximum of UVBIG (0.8 
SU m2 MJ-I, Fig. 1) is used instead, the 
increase is only 0.7 k 0.2% per year. 

This trend of a slight increase in UVB is 
in qualitative agreement with the reported 
slight O3 depletion in the Northern Hemi- 
sphere of about 3% from 1969 to 1986 (4). 
The results of daily column O3 measure- 
ments made with a Dobson spectrophotom- 
eter in Arosa, Switzerland, also show a slight 
O3 depletion of 4% from 1969 to 1988 
(17). The influence of tropospheric O3 is 
reduced at our high-altitude station as com- 
pared with stations at lower altitudes. 

The analysis of residuals shows that par- 
ticularly high values of UVB flux were mea- 
sured in the spring of 1983. These high 
values are a reflection of the increased UVB 
flux related to the reduced O3 content after 
the eruptions of El Chichon volcano (18- 
20). If the exceptional spring 1983 data are 
omitted from the analysis of the residuals, 
the trend of increasing UVB will be aug- 
mented. 
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Phosphate-Methylated DNA Aimed at HIV- 1 RNA 
Loops and Integrated DNA Inhibits Viral Infectivity 

Phosphate-methylated DNA hybridizes strongly and specifically to natural DNA and 
RNA. Hybridization to single-stranded and double-stranded DNA leads to site- 
selective blocking of replication and transcription. Phosphate-methylated DNA was 
used to interrupt the life cycle of the human immunodeficiency virus type-1 (HIV-l), 
the causative agent of acquired immunodeficiency syndrome (AIDS). Both antisense 
and sense phosphate-methylated DNA 20-nucleotide oligomers, targeted at the 
transactivator responsive region and the primer binding site, caused complete inhibi- 
tion of viral infectivity at a low concentration. Hybridization of phosphate-methylated 
DNA with folded and unfolded RNA was studied by ultraviolet and proton nuclear 
magnetic resonance spectroscopy. The combined results of hybridization studies and 
biological experiments suggest that the design of effective antisense phosphate- 
methylated DNA should focus on hairpin loop structures in the viral RNA. For sense 
systems, the 5' end of the integrated viral genome is considered to be the important 
target site. 

I T HAS BEEN SHOWN THAT PHOSPHO- 

rothioate, phosphoramidate, and meth- 
yl phosphonate oligodeoxynucleotides 

are potential antiviral agents because their 
specific hybridization to viral sequences 
leads to inhibition of replication and gene 
expression, and because they are very resist- 
ant to cellular exo- and endonucleases (1-3). 
In principle, neutrally charged backbones 
will lead to strong hybridization (as a conse- 
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quence of the absence of interstrand phos- 
phate-phosphate charge repulsions), stabil- 
ity toward nucleases, and facile transport 
through cell membranes (4). Phosphate- 
methylated DNA shows particular promise 
in that this neutral moddication exhibits the 
best conformational accommodation to nat- 
ural DNA and RNA (5-7) (Fig. 1A). 

Our initial experiments on the strength 
of hybridization of phosphate-methylated 
DNA with natural single-stranded DNA are " 
shown in Fig. 1B. Hybridization of phos- 
phate-methylated d(GGA.ATC.CTG.CAG) 
with its natural complement shows a transi- 
tion temperature (T,) of 55"C, whereas the 
corresponding natural duplex does not exist 
in salt-free solution. Addition of 0.1M 

NaCI, which diminishes interstrand phos- 
phate-phosphate charge repulsions since the 
Na+ ions tend to neutralize the negative 
phosphate charges, results in a T, of 42°C 
for the natural duplex and represents a phys- 
iological salt solution. For hybridization 
with unfolded RNA, we studied the duplex 
formation of phosphate-methylated d(C,) 
(n = 3, 5, 10, and 20) with poly(rG) (8) .  
The T,  values were 13", 2S0, 36", and 51°C, 
respectively. For comparison, natural d(Cn) 
(n = 3,5, 10, and 20) did not associate with 
poly(rG) under the condition of 0.1M 
NaCI. Phosphate-methylated DNA-natural 
DNA duplexes are more stable than phos- 
phate-methylated DNA-RNA duplexes 

- - * 
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Fig. 1. (A) Structural formulas of natural phos- 
phate, and S, and R, methyl phosphotriester 
groups. Investigations on the dinucleotide sys- 
tems d(TpT), d(ApT), d(ApC), d(ApA), 
d(GpC), d(CpC), and d(TpC) with 600-MHz 
proton NMR spectroscopy (5) revealed that the 
diastereoisomeric phosphate-methylated forms 
possess virtually identical conformational features 
in aqueous solution, which closely resemble a 
right-handed B helix structure (27), namely C2,- 
endo puckered sugar rings: R, 59%, S, 60%, and 
natural 61%; -y+(C4,-CS, backbone bond): R, 
63%, S, 57%, and natural 59%; pt(C5,-05, 
bond): R, 66%, S, 69%, and natural 84% (per- 
centages denote time-averaged contribution of 
these conformations). R,, S,, and natural systems 
show anti orientation of the bases. (6) Duplex +- 
coil Tm's for hybrids of phosphate-methylated 
DNA oligomers of length n, with complementary 
natural DNA (W) and RNA (@), as determined 
with ultraviolet (UV) hyperchromicity. The total 
nucleotide concentration in all experiments was 2 
pM. Tm values were independent of the ionic 
strength of the solution, which was consistent 
with the absence of interstrand phosphate-phos- 
phate charge repulsions. Melting transitions oc- 
curred within 10°C intervals, implying that hy- 
bridization was equally strong for all diastereoiso- 
meric forms (28). The duplexes of phosphate- 
methylated d(GGA.ATC), d(AGC.CTG.AC) and 
d(CAC.TCA.CCC.ATG.AAC.AGC) with their 
natural complements displayed Tm values of 27", 
42", and 70"C, respectively (6). 
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