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Phosphate-Methylated DNA Aimed at HIV-1 RNA
Loops and Integrated DNA Inhibits Viral Infectivity

Henk M. Buck, LEo H. KooLE, MARCEL H. P. VAN GENDEREN,
Lia SMirt, JaN L. M. C. GEELEN, SUZANNE JURRIAANS, JAAP GOUDSMIT

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-1),
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.

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-

l T HAS BEEN SHOWN THAT PHOSPHO-
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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 modification 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 (Tr,) of 55°C, whereas the
corresponding natural duplex does not exist
in salt-free solution. Addition of 0.1M

NaCl, which diminishes interstrand phos-
phate-phosphate charge repulsions since the
Na* ions tend to neutralize the negative
phosphate charges, results in a Ty, 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°, 28°, 36°, and 51°C,
respectively. For comparison, natural d(C,)
(n = 3,5, 10, and 20) did not associate with
poly(rG) under the condition of 0.1M
NaCl. Phosphate-methylated DNA—natural
DNA duplexes are more stable than phos-
phate-methylated DNA-RNA  duplexes

A T
9:\P A0 -
6/ \05' 0/

Natural Sp Rp

B

T_(°C)
801
604

40

20

5 10 15 20

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 C,-
endo puckered sugar rings: Rj, 59%, S, 60%, and
natural 61%; y*(C4-Cs backbone bond): R,
63%, Sp 57%, and natural 59%; B'(Cs-Os
bond): R, 66%, S, 69%, and natural 84% (per-
centages denote time-averaged contribution of
these conformations). R, Sp, and natural systems
show anti orientation of the bases. (B) Duplex =-
coil Ty’s for hybrids of phosphate-methylated
DNA oligomers of length n, with complementary
natural DNA (H) and RNA (@), as determined
with ultraviolet (UV) hyperchromicity. The total
nucleotide concentration in all experiments was 2
pM. Ty, 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 Tj, values of 27°,
42°, and 70°C, respectively (6).
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(Fig. 1B) despite the presence of only G-C
base pairs in the latter case. We suggest the
difference in stability is due to the structural
match between phosphate-methylated and
natural DNA, which both adopt the B-
geometry, whereas RNA has the A structure
(9). Region-specific hybridization of a phos-
phate-methylated 18-nucleotide oligomer
with single-stranded DNA, inserted in an
M13mpl8 phage, was found to block repli-
cation of the template at the selected site (6).
Hybridization in which the target was cellu-
lar duplex DNA resulted in inhibition of
transcription (10).

Our primary work concerns the hybrid-
ization of phosphate-methylated DNA with
HIV-1-specific RNA. To mimic the folded
structure in viral RNA, we performed ex-
periments with yeast phenylalanine transfer
RNA (tRNAP"), which has a well-defined
molecular conformation (11). A phosphate-
methylated 18-nucleotide oligomer was tar-
geted at the amino acid stem and the T¥C
arm, encompassing six free bases (four dan-
gling bases at the 3' end and two bases in
the TYC hairpin loop) (Fig. 2A). High-
field proton nuclear magnetic resonance
(NMR) experiments revealed that the phos-
phate-methylated 18-nucleotide oligomer
hybridized over its full length with
tRNAP"; hybridization was accompanied
by unfolding of the amino acid stem and the
TWC arm, with preservation of the antico-
don and D arms (Fig. 2B). This information
was used to select four 20-nucleotide target
sites in HIV-1 RNA on the basis of the
secondary structure as calculated with Zuker
and Stiegler’s FOLD program (12) (Fig. 3).

Strong inhibition of syncytium formation
in HIV-1-infected cells was found for two
antisense phosphate-methylated 20-nucleo-
tide oligomers (13), namely the- TAR con-
struct (complementary to a site in the tran-
sactivator-responsive region), and the PBS
construct (complementary to a site adjacent
to the primer binding site) (Table 1). The
inhibitory concentration for the HX10 clone
of HTLV-IIlg at a virus titer of 1000
median tissue culture infectious doses
(TCIDsy) was 0.3 wM for TAR and PBS,
whereas the NEF and VIF 20-nucleotide
oligomer constructs (complementary to the
transcription initiation sites of the nefand vif
genes) were found to be substantially less
active (inhibitory concentrations 3 wM for
NEF and 15 pM for VIF). The correspond-
ing natural antisense 20-nucleotide oligo-
mers were found to be inactive up to con-
centrations of 3 to 15 pM.

On the basis of the virtual absence of all
viral DNA (AVD, which includes circular
and linear unintegrated DNA, and integrat-
ed DNA), circular unintegrated viral DNA
(cUVD) specifically, and viral p24 core pro-
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tein, it was concluded that antisense phos-
phate-methylated DNA blocks the reverse
transcription of viral RNA (13) (Table 1).
Data indicate that the inhibitory effect of
antisense  phosphate-methylated DNA is
strongly influenced by the secondary struc-
ture of the target region in the viral RNA.
We suggest that the hairpin loop in the TAR
and PBS sites assists in the hybridization

with phosphate-methylated DNA (14). Data
concerning hybridization-induced antiviral
activity of phosphorothioate, phosphorami-
date, and methyl phosphonate DNA with
other target sites strengthen the predictive
value of this structure-activity relation (15—
18). The inhibitory concentrations for the
antisense phosphate-methylated TAR and
PBS constructs are very low compared to
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P c a
6gaBAC G . w6 ¢
20 Tl LBRE —_
C-gA ¢ a: AU +UA,,
A —U,  Anticodon 1 b: AU
296 —micio” g b n ¢ AU, +AUg,
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Fig. 2. (A) Schematic representation of the . Ge e
tRNAP"® secondary structure and the target re- g
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gion for hybridization (bases 59 to 76) of the )
phosphate-methylated 18-nucleotide oligomer 140
d(TGG.TGC.GAA.TTC.TGT.GGA). No modi-

fied nucleotides are present in the target site. Relevant tertiary hydrogen bonds are indicated by dotted
lines. (B) Part of the imino-proton region of the 400-MHz proton NMR spectra at 20°C of tRNAP
(spectrum 1), and of an equimolar mixture of tRNAF" and phosphate-methylated 18-nucleotide
oligomer (spectrum 2). Imino resonances are found in the case of base pairing; in unpaired bases, imino
resonances disappear because of rapid exchange with the solvent. All measurements were performed in
salt-free H,O/D,O mixtures (90:10) at pH 7; concentrations of tRNAF" and phosphate-methylated
18-nucleotide oligomer amounted to 2 mM. The mixture was measured without annealing at elevated
temperatures. The water peak (4.68 ppm) was suppressed by combined application of a semi-selective
observation pulse and digital shift accumulation (29). Curve-fitting was performed in order to
determine peak areas. Assignments in spectrum 1 (peaks a to h) were as in (30). Spectrum 2 (peaks i to
p) indicates dissociation of the amino acid stem and the T¥C arm due to hybridization with phosphate-
methylated 18-nucleotide oligomer, and preservation of the anticodon and D arms. Unfolding of the
amino acid stem is evident from the disappearance of the AUg + UgAy4 (a) and AUs (b) imino
resonances. The D arm is conserved, as is seen from the presence of the GC,3 imino resonance in both
spectra (g and n). Both observations are consistent with the fact that the GC, + GC,, signal (h) leads to
a single-proton signal (o) caused by the remaining GC,o base pair. The T¥C arm is dissociated, as is
concluded from the AU, + AUs; signal (c), which results in a single-proton signal (j), corresponding
to the AU, base pair in the D arm. Preservation of the anticodon arm follows from AU, + A¥W;3; +
AUs, signal (f). A two-proton signal remains (m), that is, the AU,y and AW;, base pairs in the
anticodon arm are intact. New imino resonances (indicated in brackets) arise from the hybridization of
the amino acid stem and the T¥C arm with phosphate-methylated 18-nucleotide oligomer, involving
nine G-C (k and 1), six A-T (p), and three A-U (i) base pairs. The assignment of the G-C base pairs to k
and 1 is based on the fact that the imino protons in the duplex of phosphate-methylated d(Cy) and
poly(rG) (Fig. 1B) resonate at 13.4 ppm. Assignment of the A-T and A-U base pairs is based on the
peak areas of p and i, which correspond to six and three protons, respectively. The reversible
dissociation of the phosphate-methylated DNA-tRNAF"® hybrid was studied with variable-temperature
NMR and UV hyperchromicity. At a sample temperature of 50°C, no imino resonances are seen for
tRNAP, whereas the mixture of tRNAP"® and phosphate-methylated 18-nucleotide oligomer after
heating to 50°C showed imino resonances at 12.8, 13.4, and 13.9 ppm (peak areas 6:9:3), that is,
these signals result from the duplex of phosphate-methylated DNA with bases 59 to 76 of tRNA",
The central signal is assigned to the G-C base pairs, based on the imino-proton location at 13.5 ppm in
the duplex of phosphate-methylated d(Cy) and poly(rG) at 50°C. The A-T and A-U base pairs
correspond to the signals at 13.9 and 12.8 ppm, respectively, as is seen from the peak areas. Further
increase of the sample temperature to 60°C results in disappearance of all imino resonances, indicating a
T of ~55°C for the phosphate-methylated DNA-tRNAF"® duplex at 2 mM concentration. In a UV
hyperchromicity experiment at 2 pM concentration, the Ty, was found at 44°C, which is slightly lower
than expected from the experiments with unfolded RNA (Fig. 1B) because the G-C content is now only
50%. For the mixture of phosphate-methylated 18-nucleotide oligomer and tRNAF™, no Ty, was
obtained for the D and anticodon arms in the UV measurement. This is in agreement with a control
experiment, which showed that all four arms of tRNAF® dissociate at 27°C for concentrations of 2 pM.

13!
ppm 130
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previous results concerning inhibition of
HIV-1 with other types of modified DNAs
(phosphorothioates, phosphoramidates, or
methyl phosphonates) for which inhibitory
concentrations of 3 to 15 uM are required at
a virus titer similar to that used in our
experiments (16, 17).

Because of the high inhibitory activity of
the antisense phosphate-methylated systems,
we also studied inhibition of syncytium for-
mation with the sense phosphate-methylat-
ed 20-nucleotide oligomers (13), namely,
the TAR, PBS, NEF, and VIF constructs.
These systems block transcription of inte-
grated proviral DNA as measured by the
absence of viral p24 core protein, whereas
formation of viral DNA (cUVD and AVD)
could be clearly established (13) (Table 1).
Similar inhibitory concentrations for 1000
TCIDs; of the HX10 clone of HTLV-IIIg
were found in comparison with the anti-
sense systems. Therefore, we concluded that
hybridization arrest is most effective at the
start of the transcription, which is just up-
stream of the TAR and PBS target regions.
The results also show inhibition of HIV-1
after integration, which is especially relevant
for chronically infected cells (19).

The sequence-specificity of the inhibition
by phosphate-methylated DNA was investi-
gated by testing the antisense and sense
TAR and PBS constructs, as well as the
random system (RAN; Fig. 3A), on cells
infected with the HIV-1 variants HTLV-
IIIgg and RUT. In HTLV-IIljE, one muta-

A d(TCC.CAG.GCT.CAG.ATC.TGG.T
d(GAC.CAG.ATC.TGA.GCC.TGG.G

C
A
d(CTG.CTA.GAG.ATT,TTC.CAC.AC
d(GTG.TGG.AAA.ATC.TCT.AGC.AG

T

d(GAC.CAC.TTG.CCA.CCC.ATC.T
d(AAG.ATG.GGT.GGC.AAG.TGG.TC

d(TGC.GAT.CTG.TTT.TCC.ATA.AT
d(ATT.ATG.GAA.AAC.AGA. TCG.CA)

d(AAC.GGC.AGG.CCT.TGC. CAA.AA) RAN

Fig. 3. (A) Sclected phosphate-methylated DNAs
used for site-specific inhibition of HIV-1. Phos-
phate-methylated DNA was synthesized accord-
ing to a three-step procedure (6): (i) base protec-
tion with 9-fluorenyl methoxycarbonyl chloride
(Fmoc) of an automatically synthesized natural
DNA sequence; (i) methylation of the phosphate
groups with p-toluenesulfonyl chloride and meth-
anol; and (iii) removal of the Fmoc groups with
triethylamine, which preserves the methylated
phosphate groups. Purification was performed
with preparative thin-layer chromatography. The
degree of phosphate methylation is 90 to 100%,
as was determined by proton NMR spectroscopy
(6), and enzymatic experiments, which show that

)
)
)
)
)
)
)

Table 1. Inhibition of viral infectivity by phosphate-methylated DNA. H9 cells were grown in RPMI
1640 (Gibco), 10% fetal calf serum, 2 mM glutamine, and antibiotics. Virus stocks were prepared by
mixing 3.2 X 10° uninfected H9 cells with 0.8 X 10° infected H cells in 20 ml of culture medium (48
hours at 37°C); extracellular virus was harvested by centrifugation (1000g for 10 min), then filtered
through a 0.22-pm filter (Millipore SA), and stored at —196°C. Infectious titers were determined by
end-point titration on C81-66 cells. Inhibition of HIV-1 infectivity on C81-66 cells in the presence of
oligodeoxynucleotides was tested by infecting 2 x 10* cells per 100 pl of medium with 40 ul of virus
dilution, containing 1000 TCIDs,. Each concentration of oligodeoxynucleotide was tested in quadru-
plicate. Experiments were reproducible at various times for all constructs. The plates were incubated
(37°C for 5 days), and the lowest concentration without syncytia was taken as the inhibitory
concentration. For measurements of p24, cUVD, and AVD infected cells were exposed to oligodeoxy-
nucleotides (3 wM) for 5 days, and the supernatant and cells were separately heat-inactivated (56°C for
30 min). HIV-1 p24 expression was measured in the supernatant with a solid-phase immunoassay
(Abbott Labs) (25). For detection of cUVD and AVD, total DNA was extracted from the inactivated
cells, and 10 to 50 ng was used in the polymerase chain reaction (26).

Inhibitory
Virus concen- p24
strain Construct* trationt (pg/ml) cUVD# AVD%
(nM)

HTLV-IIIg (—)TAR 0.3 496 - +
(+)TAR 0.6 532 + ++
nat(—)TAR >3.0 >10,000 ++ ++
(—)PBS 0.3
(+)PBS 0.3-0.6
nat(—)PBS >3.0
(—)NEF 3.0
(+)NEF >15.0
nat(—)NEF >3.0
(—)VIF 15.0
(+)VIF 3.0-15.0
nat(—)VIF >15.0

HTLV-IIge (-)TAR 3.0 200 - -
(+)TAR 3.0 160 - +
(—)PBS 0.15-0.3
(+)PBS 0.6

RUT (-)TAR >6.0 >10,000 + +
(+)TAR >6.0 >10,000 + +

*Nat, natural, nonphosphate methylated form.  fInhibitory concentrations refer to the HX10 clone of HTLV-

. i+ and ++ indicate relative i intensity after electrophoresis.
B TAR PBS NEF VIF
Cc\
N\ G
5°1°‘GC\GG
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T4 polynucleotide kinase is virtually unable to phosphorylate thc neutral

phosphate-methylated systems. The symbols (—) and (+) denote antisense
and sense, respectively (13). Nucleotide numbering is according to (31).
TAR is aimed at the loop area of the transactivator responsive region (bases
15 to 34 and 9132 to 9151), which is essential for transcriptional stimulation
by the tat protein (21). PBS is targeted adjacent to the start site of reverse
transcription (bases 162 to 181). NEF and VIF overlap the start codons of
the genes for the regulatory protein nef (bases 8372 to 8391), and the
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infectivity factor vif (bases 4619 to 4638), respectively. Control experiments
were performed with the RAN sequence, as well as with the natural
(phosphodiester) counterparts of the antisense DNAs. (B) Secondary struc-
ture of the four target regions by the thermodynamic parameters from Freier
et al. (32). Structures of minimal free energy were calculated for 1200-
nucleotide sections of the HTLV-IIIy genome as published by Ratner et al.
(33).
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tion occurs in the TAR target site (C substi-
tuted by U at base 29), whereas the PBS
target site is identical (Fig. 3B). This is
reflected in the inhibitory concentrations,
which are similar to HX10 for the PBS
constructs, whereas the TAR constructs re-
quired five to ten times higher concentra-
tions for inhibition; the RAN showed no
inhibitory effect (inhibitory concentration
>3.0 pM) (20). The RUT virus contains
two mutations in the TAR region (G substi-
tuted by A at base 32 and C by U at base
23). Correspondingly, no inhibition of syn-
cytium formation was seen for the TAR
constructs at up to 10 to 20 times higher
concentrations (Table 1).

Our results show that both antisense and
sense phosphate-methylated DNA can spe-
cifically block the HIV-1 life cycle at low
concentration. Since in all HIV-1 strains the
TAR region is a functional unit with a
hairpin loop and a small variability (21),
whereas the PBS sequence displays a much
greater diversity with respect to the primary
and secondary structure, cytotoxicity studies
were performed with the phosphate-methyl-
ated TAR constructs. At the inhibitory con-
centrations for the antisense and sense phos-
phate-methylated TAR constructs, no cyto-
toxicity was found (22). When the concen-
tration of the sense phosphate-methylated
TAR construct was increased from 0.6 to 6
WM, a linear increase of cytotoxicity to 21%
was observed, whereas the antisense phos-
phate-methylated TAR construct shows a
fourfold higher toxicity in the same range
(22-24). Therefore, we suggest that the
sense phosphate-methylated TAR construct
may be an efficient antiviral agent, in partic-
ular for chronically infected cells (19).
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Deforestation History of the Eastern Rain Forests of
Madagascar from Satellite Images

GLEN M. GREEN AND ROBERT W. SUSSMAN*

Madagascar is biologically one of the richest areas on Earth, and its plants and animals
are among the most endangered. Satellite images and vegetation maps based on earlier
aerial photographs were used to determine the extent of eastern rain forests in
Madagascar and to monitor the rate of deforestation over a 35-year period. In 1985,
3.8 million hectares of rain forest remained, representing only 50 percent of the 7.6
million hectares existing in 1950 and 34 percent of the estimated original extent (11.2
million hectares). Between 1950 and 1985, the rate of deforestation averaged 111,000
hectares per year. Deforestation was most rapid in areas with low topographic relief
and high population density. If cutting of forests continues at the same pace, only
forests on the steepest slopes will survive the next 35 years.

ADAGASCAR, LOCATED SOME 400
km east of Africa, is the world’s
fourth largest island, with an area
of about 587,000 km®. Biologically it is

needs and cutting for fuel (10-12). The
tropical rain forests of Madagascar before
human colonization are thought to have
covered much of the eastern coastal plains

widely regarded as one of the richest areas
on Earth containing nearly 8000 endemic
species of flowering plants (1-3). Species

and the eastern escarpment of the central
plateau that runs along most of the 1600-km
length of the island (13, 14). Estimates of
the extent of the remaining eastern rain
forests have ranged from 2.5 million to 6.9
million ha (100 ha = 1 km?) (3, 10, 12, 15-
17), and between 10,000 to 20,000 and
165,000 ha of forest are estimated to have
been cleared per year (17, 18). None of these
estimates were based on reliable ground or
aerial surveys, and each consisted of extrapo-
lations from earlier estimates. Whether the
deforestation rate is increasing or decreasing
is also uncertain (5, 12).

We have used maps of Humbert and
Cours Darne based on aerial photography
from 1950 (13) together with satellite image
data from 1972 to 1973 and 1984 to 1985
to estimate the area of eastern rain forests of
Madagascar and the rate of deforestation
over this 35-year period (Fig. 1). Satellite-
based remote sensing provides a powerful
tool for monitoring deforestation and biodi-
versity, but it has not been systematically
applied globally or in Madagascar (19).

Remotely sensed satellite images at opti-
cal wavelengths (0.5 to 1.1 wm) have been
available since 1972 from the Landsat series
of satellites (20). Madagascar’s eastern rain
forests have been successfully distinguished
from surrounding savannah and secondary
vegetation for limited regions of eastern
Madagascar with the use of analog image
interpretation applied to Landsat (0.6 to 0.7
pm, visible red light) images (21, 22). Con-
tinuous forest, either primary rain forest or
large tracts of closed-canopy secondary for-
est, is characterized by a dark homogeneous

Table 1. Area of the eastern rain forest of Madagascar, for the period and population density specified.

diversity of both plants and animals is con-

centrated primarily in the rain forests of Aerial* Forest Forestt DCforc?mon
castern Madagascar. This area also has a Year extent remain perimeter e
. o . (ha x 10°) ing (km x 10%) 1950 to 1985
high species rlchn(‘:ss‘per unit area, generally (%) (ha X 10%/year)
more than in any similar area in Africa (1, 4). ‘ -
Many plant and animal species are severe- . . High (>10 per square kilometer)
ly threatened (5, 6). Numerous habitats of oo ) 100 35
y threa » 6). erous hat 1950 2.4 50 7.8 {43
Madagascar have been degraded since the 1985 0.89 19 4.5 ’
arrival ‘?f h}lmans 1500 to 2000 years ago, Medium (5 to 10 per square kilometer)
and extinctions of species of large mammals  Original 3.4 100 2.2
and birds have been severe (7, 8). With a 1950 2.5 76 4.9 {37
current human population of about 11.6 1985 13 38 ) 50
million, a population growth rate of 3.1% Original a1 Low ( <51 per square kilometer) 34
per year, and a per capita income of around gz 27 86 50 31
$230. per year (9), the major thrcats.to the 1985 1.6 51 6.1
remaining forest are driven by subsistence Total
Original 11.2 100 9.1
1950 7.6 67 17.7 {111
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*A measure of the error in aerial extent at each time period can be estimated by using the number of digitization grid
cells (81 ha each) that include forest boundary. The greater the number of these cells, the larger the potential errors.
We estimate this error to be £2%, +6%, and + 11%, respectively, for original coverage, 1950, and 1985.
eter lengths from 1:1,000,000 scale maps may be underestimated during the digitization process because small-scale
features of forest boundaries are lost. We calculate this error to be approximatc%

tPerim-

y 10%.
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