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Figure 1. Autogrdiogram of the mixtures of
2:1 mixture of d-("CT)s:d-(AG)s
running at 20 °C (columns II, I,
and 1V). Column [ contains d-
("CT)s only

d-("CT)z + d-(AG)g ----- > d-(AG)sd-("CT)g )

d-(AG)gd-("CTDs + d-("C'T)z ----- > d-("CT)sd-(AG)sd-("CT)g (2)

Thus, the ratio of concentration of the single stranded d-("CT)s+ d-("C T)s (ss) to double
stranded complex d-(AG)sd-("CT)g (ds) and to triplex d-("C'T)sd-(AG)sd-("CT)s (ts) equals
to CMP., to CMPg to (1/2)CMP,, (CPM is counted per minute measured by scitillation
counter). Only one half of the CMP,, is counted due to two strands of d-("CT)y in the triplex.
The concentrations of these species can then be calculated if the total initial concentration of
d-("CT)s(C,) is known.

[ts] = (1/2)(CMP/CMP ) Co (3)

[ds] = (CMPy/CMPy)Cy (4)

[ss] = (CMP/CMPy1a)C, (5)



Table I. The counts of ss, ds, and ts of d-("C"T)y:d-(AG)x (2:1) measured at 10, 20, and
25 °C, respectively. The K,'s are also calculated based on C, = 6.0 x 10™ M.

temp.(°C) ts ds 55 K, x 10°  Ave. K, x 10°
10 39,128 102,707 135,638 6.5
10 47,985 152,223 161,822 6.5
10 37,684 115,106 148,247 5.5
6.2
20 58.651 161,258 333,179 5.0
20 60,865 162,981 334,439 5.0
20 50,317 130,927 235,908 55
52
25 3,540 9,053 21,433 5.0
25 3527 9,080 25,954 4.8
25 7.869 20410 31,334 4.9

4.9
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AH = -R[d(InK)/d(1/T)]



In(Ky)

Table I. The counts of ss, ds, and ts of d-("C"T)s:d-(AG)s (2:1) measured at 10, 20, and
25 °C, respectively. The K,'s are also calculated based on C, = 6.0 x 10™ M.

temp.(°C) s ds s K. x 10"  Ave. K, x 10°
10 39,128 102,707 135,638 6.5
10 47 985 152,223 161,822 6.5
10 37,684 115,106 148,247 5.5
6.2
20 58.651 161,258 333,179 5.0
20 60,865 162,981 334,439 5.0
20 50,317 130,927 235,908 55
5.2
25 3,540 9,053 21,433 5.0
25 3,527 9.080 25,954 4.8
25 7.869 20,410 31,334 4.9
4.9
15.7
AH = -R[d(InK)/d(1/T)]
15.61
AH = -R slope = -12 KJ/mole
15.57
154 v . '
0.0033 0.0034 0.0035 0.0036

1/T, K

Figure 1. A plot of Iniave. K. versus the reciprocs! of temperature in Kelvin sale
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Figure 6-1

Circular dichroism (- . ...) and absorption (—) spectra
of purine deoxyribonucleotides; molar extinction
coefficients in units of M~ em™', e and &, — ¢, are
plotted versus wavelength. The upper curves are for
5'-deoxyriboadenylic acid; the lower curves are for

5 -deoxyguanylic acid. [Data are from Sprecher and
Johnson, 1977]

Circular Dichroism

160 180 200 220 240 260 280 300

1 | | | 1 | |
dipC)

20,000
16,000
12,000 w
8,000
4,000

= 20,000

- 16,000

L 12,000 w
= 8,000

= 4,000

E-1)

L 20,000
- 16,000

L 12,000 W
- 8,000

- 4,000

d(pT)

I | |

160

180 200 220 240 260 280 300

Wavelength (nm)

Absorption

Figure 6-2

Circular dichroism and absorption
spectra of pyrimidine
deoxyribonucleotides plotted

as in Figure 6-1. The curves are
from top to bottom:
5'-deoxyribocytidylic acid,
5'-deoxyribouridylic acid, and
thymidylic acid. [Data are from
Sprecher and Johnson, 1977.]



Advantages:

High sensitivity
Easy to use

Multiple parameters
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TABLE I

MoréLar ExTiNCTION COEFFICIENTS OF NUCLEOTIDES AMND

DIMUCLEOSIDE PHOSPHATES®-5.c

= (260), Af ' con—!

Phosphates RN A DN A
Monomer
Ap 15,340 15,340
Cp T L6000 T a0
Gp 12,160 12,160
Up (dT) 10,210 8,700
Damer
ApA 13,650 13,650
ApC 10,670 10,670
ApG 12,790 12,7990
ApU (ApT) 12,140 11.420
CpA 10,670 10,670
CpC T.520 7.520
CpiG S .390 9.390
CpU (CpT) 8,370 7. 660
GpA 12,920 12,920
GpC 9,190 2,190
GG 11,430 11,430
GpU (GpT) 10,960 10,220
UpA (TpA) 12,520 11,780
UpC (I'pC) B . 900 8,150
UpG (I'pds) 10,400 Q. 700
UpU (TpT) 10,110 8,610

“ At 260 nm. The wvalues are meeded to calculate the molar

extinction coefficients of single-stranded DIN.A and RN A
Aldl units are per molar concentration of monrorer.

YValues were derived from the extinction coefficients of the
3"-monophosphate ribonucleotides (M. Alexis, Ph.ID. The-
sis, Univ. of London, 1978) at the wavelength maxima, ab-
sorption specira of the 3'-monophosphates to convert peak
values to those at 260 nm. and hypochromicity values for
the RINA dimers (M. M. Warshaw, Ph.D. Thesis, Uniwv.
of California, Berkeley, 1966). Monomer Ap, Cp, and Gp
extinction coefficients and dimer hyperchromicity walues
were assumed to be the same for DIN A and RIN A the extinc-
tion coefficient for dTMP was taken to be the same as that
for dT [C. R. Cantor, M. M. Warshaw, and H. Shapiro,
Biopolymers 9, 1059 (1970)]. Values are for 0.1 AL ionic
strength, pH 7.0, 25°.

Monomer and dimer extinction coefficients are estimated to
be accurate to =100 Af ' cm— ! and =49, respectively.
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Conclusions:

I. The stabilities of triplexes is proportional to
The chainlength of oligonucleotides;
The concentration of NaCl;

The concentration of MgCl,.

(]

. The stability of C+GC base triad is higher than TAT at pH
.

3. Triplex is a unigue molecular. It is not a complex of a
single strand and a double strand DNA'’s.



Self-complementary  2A ------ 2 A,

K = [AJ[A] = o/[2(1- a)*C/]
Nonself-complementary A + B -----> AB
K = [AB)/[A][B] = 2 o /[(1- a)C,]

when [A ] =[B_] = C/2
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Figure 6. The analysis UV melting curve. T, and Ty are temperatures of the beginning and ending of the
dissociation. The quantities of a and b represent the fractions of unmelted and melted oligonucleotides
base at Tcbased on the none-or-all hypothesis. Ty, is defined as the temperature where a = b,



o Total
Moleculot T, (°C) at} Conon (pm) Total i Total 45°

10uM 100 M b Ty = 26°C  AH® (kealjmol) A ca o) (kealjmol deg.)
Helix length = 6
ACG + CGU, —13-9 —1-3 13600 —26 —~34 —0-0758
U CGA; 1-6 11.3 2040 —37 —37 —0-112
A;CQU, 108 221 174 —34 —b1 —0-0969
A‘Gg + ClU‘ 14'0 22'8 3![? — 44 —5‘5 —ﬂ'lgg
A CGU, 19-6 28-3 40-7 — 46 —60 —0-134
Heliz length = 7
AaCU; + A:]G’U: T'l 1'“'4 1510 —41 — 4'1 —ﬂ*lﬂﬂ
Heliz longth = 8
AU, 6-3 11-6 4070 —b61 —33 —0-160
A,CU, + AGU, 14-6 221 436 —b2 —54 —0-1566
ACGU, 283 351 2-76 —66 —76 —0-196
_fx_ﬁg_h 47 42-3 0-794 —b3 —83 —0-150
Heliz length = 9
ACU, + AGU, 19-1 26-0 135 —b8 —=01 —0-174
Helix length = 10
AgUg 18-2 24-3 129 —67 —b5-3 —0-207
ANUAU, 21-9 277 az5 -T2 —6:1 —0-221
ALCGU, 37-0 41-9 0-0977 — 76 —9-8 —0-223
AGCU, 40-7 46-8 0-0123 —T78 —10-8 —0-225
Helix length = 11
Heliz length = 12
AgU, 204 31-6 479 —B4 —-173 —0-267
Helix length = 14
AU, 36-2 30-3 0-0219 —107 —10-4 —0-324

t None of the oligomers in this work has terminal phosphates and the phosphodiester linkage has been omitted. Thus A, U, is identical to (Ap).(Up),
1 The T, values for the non self-complementary helices refer to concentrations of 20 s and 200 um for each oligopmer. 4H° is obtained

IH? = R dIne/d(1/Ty). For self-complementary molecules 4G° = RT,, In ¢; for non self-complementary molecules 4G° = RT,, In (¢/4). ¢ = the
oncentration in mol/] of the oligomers.



The nearest neighbor stacking effect

AA AC AG AT
CA CC CG CT
GA GC GG GT
TA TC 1G TT

iIn RNA, U=T



AH = sum of the nearest neighbors AH

AH of AAGCUU=AA+AG+GC+CU+UU=2AA+2AG+GC
AH of UUCGAA=UU+UC+CG+GA+AA=2AA+2GA+CG



The nearest neighbor stacking effect

AA AC AG AT
CA CC CG
GA GC G

TA T TY(

iIn RNA, U=T



o Total
Moleculot T, (°C) at} Conon (pm) Total i Total 45°

10uM 100 M b Ty = 26°C  AH® (kealjmol) A ca o) (kealjmol deg.)
Helix length = 6
ACG + CGU, —13-9 —1-3 13600 —26 —~34 —0-0758
U CGA; 1-6 11.3 2040 —37 —37 —0-112
A;CQU, 108 221 174 —34 —b1 —0-0969
A‘Gg + ClU‘ 14'0 22'8 3![? — 44 —5‘5 —ﬂ'lgg
A CGU, 19-6 28-3 40-7 — 46 —60 —0-134
Heliz length = 7
AaCU; + A:]G’U: T'l 1'“'4 1510 —41 — 4'1 —ﬂ*lﬂﬂ
Heliz longth = 8
AU, 6-3 11-6 4070 —b61 —33 —0-160
A,CU, + AGU, 14-6 221 436 —b2 —54 —0-1566
ACGU, 283 351 2-76 —66 —76 —0-196
_fx_ﬁg_h 47 42-3 0-794 —b3 —83 —0-150
Heliz length = 9
ACU, + AGU, 19-1 26-0 135 —b8 —=01 —0-174
Helix length = 10
AgUg 18-2 24-3 129 —67 —b5-3 —0-207
ANUAU, 21-9 277 az5 -T2 —6:1 —0-221
ALCGU, 37-0 41-9 0-0977 — 76 —9-8 —0-223
AGCU, 40-7 46-8 0-0123 —T78 —10-8 —0-225
Helix length = 11
Heliz length = 12
AgU, 204 31-6 479 —B4 —-173 —0-267
Helix length = 14
AU, 36-2 30-3 0-0219 —107 —10-4 —0-324
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1 The T, values for the non self-complementary helices refer to concentrations of 20 s and 200 um for each oligopmer. 4H° is obtained
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Thermodynamics of adding a base pair to o doubls-stranded heliz
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Table 8.4
Thermodynamic Parameters for Helix Initiation and Propagation in TA4 NaCl

RMA® DA RMNADNA
Propagatian aMH" AS® AGH AH" AS” AGE AH" AS® AGE
Sequence thcal rvod ¥y fies) flecal mod=") {kcal mold™") feu) tkecal mal=") tocal mol=") [l thcal ol "
RMA DMA
-
g —14.5% —369 ~3.47 —a —a 24 540 170 =
".:5 1339 —323 ~336 _— —199 — —128 -319 —29
9.3 —13.2 —21
g e —267 —236 —108 —272 217 —153 ~47.1 -7
i
GA G = - i —B2 737 R -85 SR =13
o s 1244 325 235 H 223
—E6 ~T20 ~1.5
— —
G a1 — " = A 5 = o - =
ot B 11.40 5 224 g4 224 L4 A 21 L
- —
—5 —-123 =21
CA g‘r — 1044 —369 —an -85 -39 —1.45 -0 —260 _—
— 14 —IH4 S
EN Lt
-1 -135 ot B
ta T T80 -8 —133 —72 —213 —0.58 T4 —311 e
ALY AT
AL AT
o -t —u3% —26T -0 72 —20.4 —{LES -85 —234 -
Ak i —as2 —1%0 —083 15 —232 - 1LO0 —78 219 — 10
uL 1w o -
-ns —364 -2
Eoxe Bimedocular A waocistion
Bmitiation N | —-1.5% aiE o — 5 1.9% 19 —i9 L
Each 1on=inal ALF or AT am e A5 13 s Qs
Eymmmenny coapootEs
(i -complcrmentany o e ] hai 1] —1.4 nax
Symmmeeny coroction
b £ ¥ a L) L] o 4] o

“Minctal (19961
" AlLswi sl Ssetal ncia (1937,
"Segimoo ozl (1995). For RMAMDNA hytrids with rea setx of parameters, the top st comresposids io the fop simnd as RNA aed the bottom sol cormesponds. b (e bofio

strand as RNA_ For example. AN :“"n = — 2.8 ol ]~ sad AGF ’;‘::‘é; = 8.3 kxal mal =, Altermative analyses of the EMAJDMA data base have sl boer



Self-complementary  2A ------ 2> A,
K = [AJ[A) = a/[2(1- a)*C,]

AtTm, a =%, K=1/C;
-RTmInK = AG = AH - TmAS = RTmiInC;

Nonself-complementary A+ B -----> AB
K = [AB)/[A][B] = 2 a /[(1- a)?C]

AtTm, o =%, K=4/C,
-RTmInK = AG = AH — TmAS = RTmInC,/4



Caleulated values of melting temperatures for double-siranded
oligonucleotide helices

Caleulated Ty Experimental Ty,

Molecule at 100 pn at 100 pst

(°C) (°C)

AU, —8 —13

AG+CU,g 0

A,GU,+ A CU;, 8

A,CUG+CAGT, 11

ALG+CGU, 14

ACGU, 19 22

A,GCU, 28 28

AaGaUg+A,C U, 32

ACGUCG+CGACGU 39

ACGCGU 50

GCGCGC 66

G3Cy 94

Ga+Cq 99

The T, values for the non self-complementary helices refer to concentrations of 200 un for
each oligomer.



CTCTCTAGAGAG -----> (CTCTCTAGAGAG)|

CT+TC+CT+TC+CT+TA+AG+GA+AG+GA+AG=
6AG +4GA + TA

AH AS
AG -7.8 -0.021
GA -8.2 -0.0222
TA -1.2 -0.0213
Total -86.8 -0.236

Tm = (AH/(RInC; + AS)

C; RInC; RINC; + AS Tm (K) Tm (C)
0.002 -12.4 -0.249 349 76
0.0002 -16.9 -0.253 243 70
0.00002 -21.5 -0.258 336 63
0.00000 -26.1 -0.262 331 58

2
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F1G. 4. (A) CD spectra and (B) absorption spectra of d(AG);:d(CT);; mixtures in the
molar proportions of 0: 100 (—), 20: 80 (&), 32:68 (@), 51:49 (x), 68:32 (O), 80:20 (4),
and 100:0 (--=). Solution conditions (50 mM sodium phosphate buffer, pH 5.6) were such
that a d(C*T)y, * d(AG)ys - d(CT)y, triplex formed. The long arrow in (A) at 210 nm marks
the maximum deviation in the CD spectrum of the triplex from the weighted average of the
spectra of the individual strands. Short arrows in (A) and (B) indicate isodichroic points in
the CD spectra and isoabsorptive points in the absorption speclra.



'I . . : :
G 20 40 60 80 100
mol % d(CT),,

F1G. 5. CD mixing curve at 210 nm for mixtures of d(AG);» and d(CT);, under the same
conditions used to obtain data for Fig. 4A. Data from Fig. 4A (©) were included plus data
(@) from a duplicate experiment. The break point near 67 mol % of d(CT),, showed that a
triplex was formed that contained two strands of d(CT); and one strand of d(AG);.
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mole % r(CU) , mole % r(CU),,

FiG. 3. (A) CD and (B) absorption mixing curves at 255 and 256 nm, respectively, for
mixtures of r{AG);; and r{CU);». Data are plotted as a function of the mole percent of
fCU}:. The mole percent of r(AG);, 1s 100 minus the percentage of r(CU )5 in each mixture.
Data were taken from Fig. 1, plus a mixture containing about 40 mol % of r(CU); and an
additional muxture with approximately 50 mol % of each oligomer. The break points at about
50 mol % of r(CU});» showed that a duplex was formed.
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FIGURE 5: Comparison of calculated and observed CD spectra for
2:1 and 1:1 d(CT)g:d(AG)g. (A) I:1 experimental spectrum at pH
7.0 (—): 2:1 experimental spectrum at pH 7.0 (——-): spectrum
calculated by taking the weighted average of spectra of single-stranded
d(CT), and duplex, both at pH 7.0 (). (B) 1:1 experimental spectrum
at pH 5.5 (—): 2:1 experimental spectrum at pH 5.5 (——-): spectrum
calculated by taking the weighted average of spectra of single-stranded
d(AG), and triplex. both at pH 5.5 (--).
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Fi1G. 6. (A) CD and (B) absorption spectra of four oligomer duplexes. the DNA-DNA
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Figure4. Plot of the CD spectra intensity at 217nm and 240nm
againse temperature for TCA,CAC and ACT at pH=6.5
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Plot of the CD spectra intensity at 217nm and 240nm
againse temperature for TCA,CAC and ACT at pH=7.5
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Table3.The melting temperture (°C) of the six oligonulectides with
CD spectra at 217nm and 240nm as a function of pH

217nm/240nm pH=4 pH=5 pH=6 pH=(6.5) pH=7 pH=(7.5) pH=8
(TC)3(CT)3(AG)3 66.9 64.6 483 28.5 50.2 56.5 48.8
(CT)3(AG)3(CT)3 54.9 55.6 45.8 56.9 50.6 54.9 53.7
(AG)3(CT)3(TC)3 57.9 68.5 51.3 28.6 155 59.7  14.2 60.3 56.8
(CT)3(TC)3(GA)3 62.8 69.4 57.1 38.6 252 493 | 139 508 45.8
(TC)3(GA)3(TC)3 47.1 49.2 54.9 51.8 49.5 50.2 485

(GA)3(TC)3(CT)3 717 60.2 51.1 29.9 13.4 55.9 51.9 49.8
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Tabde 1. The Sequence of the C-Terminal

Accontsg 1 e CF” and GOR' Methisls

FIM[WHJHNMHMM.JWM Stucturcs

peidduc®
AFNMEATVED
CcF HEHHHHHHH
GOR HHHHHHHHHA
reniduc @ T3
QEELECJTHY
CF HHDOEMH B
GOl HHISHHH . 5B

1 1 L} 41

EXLCOEINGE DEQEILIDECH EITEWLONNG TREKEEFEND

HHHTT. . -HH HHEOoomTT - . BAREEE.TTH HHHEHHIHHH

41 1 | H H 10

IITELYQSAS  CMPCOMPGOF  FOGOAPPSGS  ASSCPTIEEY o

HESBEER.TT AT TTIT. .TITT  TTTTHHHN 1]

ERERBER.TT .. ccccans .- -TTT L .
wecomkdary stractune fraction of utal R

CF GOR

o bl 413 414

[ shect 119 89

turms 287 158

unorderad (LL) ny

15, T, wnd represens i belix, [ shees, turn, snd disorderad imactuses, iespectively. The proporton of cach frection

e Lised in the lower parl. Admino scsd

are specified

pd 80 i weid 340 and @100 b the C-lermninad of hapT0

fing o cese-letier symbols [destificstion #1 corre-

®
Table2 Predicted Secondary Stractsres of the C- Terminal Frag-
meend {10 kD) of HSCT from e Sebf conalstent Asaly-
wis of CI¥ Spectrs ol
Secondary Saucneres, % ]
Pl Ma' M obeln Bsheet  tum  disordersd sl o g;
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9 0055 N7 RS 43 M9 o4
aa n: L&) WA M0 1003 Fig. I. CD speetram of the C-terminal fragmest (10
018 M3 1% B & 7 X [ kD) of hec 70 in solwtion st [Na®] 0055 M. pH 6

"2 25 b allowed 1 aave compuling time b altiis converpeace.

wid 20 °C. The obasrved spectnum (with square
wymbal) was recositructed with & | nm inierval
from 240 (o 204 pm. The calculubed spectrum
(with circle symbel] in the same wavelength re-
pios was dome according lo te method of Yang
and Dty in reference 14
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— = Table 1T

t H Vibrational Modes of Trans Peptide Group®

> ¥ nomwoRon Cbserved  Caloulated
Description.  frequency  equency Polential energy distribution”

L S IohONNRRAn  amide A A a2 WH + 110

* * Amade | 1653 T OO a (F3L €N » 151 CEN 11
Amide 11 1367 1515 BH b (9], CN & 030, CO @ 13

- 8 ¥ rohORnn Amibde 11 129 1268 N b 520, T s (18, CN s (10

- + NCy, stretch L] (HiE ] MNC, s BT CC (I
O™ sirelch ] L] CNa DL CCs 7L OO e NE

T——‘ 3 robation Amisde ¥ i) 21 O 1t (75, NH b 08
Amide TV a2z 637 CO b (440, C.C 0 G4, CRC, 4 1110
Amide V| L] 55 C0 b (851, CN 0130

. & —  wvtnmmen CCN bend e L] CCN of 183), CO b (110

= CMC, bend AW I CMC., 1L CO b (19, TN Jd 113

Amide VIl e ™ SH b (610, CN 1 115, COwb (12

* Rased o the obeerved and caloulssed froquencies (cm” ') of Nemhylaostamide,
COONHC,,, where € and C, reler to the acetyl and amide methy! groups, m
spectively, as reported by Bandekar (19923

* Rielative (unnormalized ] coneributions 1o the polential snergy: s strefch) J, delor-
mation; ¢, torshon ib, in-plane bend: obs, out-ol-plane bend

Table IV

Ranges of Infrared and Raman Amide Modes for Diiferent

Protein Secondary Structures’

Secondary Asmiide Infrared Raman
structure mode tem ') fem 'l
- Hekix Amnade [ 1A= 1655 TR = ] 455

Amide [l 15401545 "
Aenihe [ 13F0= 1320 1370-1320
Amide ¥V  =pi0 = 650
B-5erand Amide | 1M PRSI L Y, LES0- 168500 ) Bibtll= | B8EF
Amide IE 1530~ 1525 0 ), 1550 1555 41 n
Amide [ll  1230-1235(0) [33%-1240
Amide V = 700 u
Irregular Asride | 1855 16} 1R5S - 1665
Ammda Il 15501570 n
Amide 01 1240-1255 1240~ 1250

Amide ¥ u

u

* Comguiled from data in Carey [1982), Thomas (1967, Randekar (1992),
Asrondo ef &l (19930, Miura and Thomas (1995), snd references herein. n,
Not observed in the off-resorance’ Raman effect; u, undetermined; (1],
parafiel companent; (L], perpendicular compammt. The UVRE-diter-
mined amide [| mades in model compeounds are discussed by Austin of af
153k Additional correlatins for varsmes types of burms sre sl dlscussed

by Bambebar (19920



Fia. 4, B — A conformutianal trenmtlea of polyfdln-T 1] Billoead by FT-IR pectsemcupy.
derremiing rebative Bumidities, [ Top) I form, RLHL 000% 010/
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TABLE 1
Seectnoncors Ciasae ron A T-ConTanaso Fouyaees®
fiarmm B o dissrdered Biors R A A form
Amagsiren) [e=™") e {em=") w— fem™")
ik — - EHdh ine bl
T &4T wilee L] des i
BI inc 0k
A TR e kri ] . brL )
T T LT ™ decishifi T
e T ™ nde % shify T
C3'-rmada biy - - _— inc Bo7
C'-prdd bl nr dag L2l dee (T8
PO bk 109 - 1] shift 8]+
T 11E8 e (111 — -
T.A 1208 dec 1205 dee s
T 1257 inc (B ] inc 125
T.A 1255h dec 11548 dec [REL)
A 1347 tine 1303 wime 1301
A 1534 wincfabify [ bt REC]
T. A 1 N changs 1 dec 134
— — nr iz lamy
A, bk 1421 zinc 14 ahift {1415
bk, A 1462 1462 Ine 1462
A [ELE] iniz 14K} Lescyfubify 14T

# jez, Decreass in intensity; e, increase in mteniity; dhift, change in band posstion; nor,
ot resolvable; &, ilight bildmity change: o, shoukier; A, sdendne; T, thyesioe; snd b,
denwpribone phemphats becibans,



