HHOI38  fow In the Secrel™ of Ljge Encodead ?
In (944, &Arga’r/@en published o bock entitéed
" What o Cite ? Wﬁewqwkak@qmwbnb
_answer. .Z?w’/vsétoﬁ Qc/\rc"b//@e/\popased#mf |

8462/\7‘ fﬁo@zaer Cczr/y/f@ ganehc m/z?*rmcd?m

ACAGTT AGC 4 _different nucleeticles.
with the base pairng
TGT CAA TCG

Yulep, on the Gt
“lo camry on enetic NBmadtion from one gererztion To another,
Tohutnesy ¢ important. Bul, o moke wae of the genehc inf3,
%sz‘@‘fy (> necesSary fo procluce Varicus proteins.  These.

WO prepertien deem inCcompatible. oso Can DNA Somehowy find
optimal ballence inbetween *

In modlem perdpechive, __ £ Yfe o the int
Ww\%@% AF reom femperateue (~3cok)

%ewene/a—y & aboul KTr. Expreay it en V)

- Very imporvent Scalo.
W7~ amssev] ¢ DY
To wrdleistancl DNA befter, you may want fo think how Sirpl
moecules Brm first & We would Gike fo derve the apuation
Br mobocuSar Brmation 1S and discusd covalent
and (onic bordls. At the end, we come back fo ocklrean \'\.g
the weak borcls n DNA GO
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Pge £
@ Schidlinger equation for molcullar fmation .
For Simpleity , Consider two atoms an 1D with
_mutal inferaction V. (%=X2). The tof=l energy o

=__[_.....Q-__L, g S S A,-Owge
E 2”}01'*2”“202 'f“\/(?(‘, XZ;) veriablby Y

Ihhao!ucq the CM and relative aorslirafes,
o Same refationd fer
{'K:—- (mx m,X,)  X=X-X, B R
Ifib.{sﬁt?{%/\f!%rwafdfo&*m;#pj the tolaf enersy O
. /S F M=mp#m, fotal maad
[E- F Mo+ ot v(x)] e s reons.
Rewrite %/\e abcve. exprendion o 1e/ims of /nomenfa
p — ——cf%
Finally, one can write clown the. Sohvedinger eqaaﬁm ,.
__RSw _ A5V Cockirg, 3 @P
(HEL 2SN gs
ot 2M OX? %8)(2 Stettonary Statex
The t andd Xc deperdence Can be sobved earidy,
CB —C HeQ fo
Yo x t) = P&) e = eLE% - S 00

_ SOQME’@» ¢(>g)
Substitute avo the Scrbdinger equation 1o find the différential
Souation Br Pex), & M mation
_Aolb - _ &

LaL+vep=edl E-go+e

The above resull-co very beuhiB. The tuo-partice prkim

O Simplified To,_cne-particle problem ¥ Ifwmzrrz%#w{
the. concept OF CM s St usefz i the quardeun word \.g
Because the CM maohon o Simple, we. will Bcus on PEe).
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Frge S
D RterticQ-energy iograns. Consider two 4 afoms
at dtance . The pofertiaf energy fokes the shape,

ZRYN - repufsive. When the aloms are
\ birclirg foo clase., the nudles
o 9"6’87 r

N . are ho onger Screehed
\I‘/f by elechons> — sterg.
e/ A Gl repudliion, clue

fo the Same positive Sbarges. The. affachve part & fncéy
It arised trom Quantzan feuctuations LOTHA qm

The fBree o called van der Weals force. It can be. raasomned
s the Bowing pictee

cbe = + - 4 -
OO O ¢ TR ECE
Hagom Hodom & Ructuedion!  aftraction

Because. the interachon between a pair of neutra atoms fakes

Similar B, L &> offen apprximated by Lennard-Tones polentiss),
\{_J(r) = —’an - ?% Here A, B are posihve constants. It o>
Seby o Lnd the minimem @ =13

4 = é
—i—[%y i -12/41"/3-!-66}" =0 — I.= A

h B
Tgnore the Kinehc DGy P G momentar@y = o b the bond
and _[V(3) binci What aboud the
o 2 % 0 efol caused by PBu® Inthe
infinite. polential well, the Lowest
S?bf?or\czrysfal% &aatey at
- J
Smaf Carge (1 Lo

%e&zueafenagy =0 an becomed ﬁeatfy 1 \.g
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_For genera® potenhtal shape , the callcelation &
mare complianted bul the frend oy simiérr. Ad
VEr) -ngam%e reducod] masd

T o O Qge, JEL = bingling

bincling. epergy. Tt rot
DESY - So peel e iedy

as the bond %H\ and V0] ax the bindling 6’/\6’/‘87‘@'

D Covallert and nic. bonds.  The polential-energy diagram
fells an why molcule s Stablk. Nice, but ct doent 0 ces
the who Stery . For instance, where ere the o elctons o
Ho molocule ¥ To answer this question henest@y, One neads fo
wrife down Schrdelinger equation 1or 4 pastficles .. ‘foo?bce/\
It fwns oai#\ai the probability density Br eketrons o sharedd
@08 - betweon two rucy.  Becawse elbctond

Spefd more fime. between MCQQ,M

/\/\ Hel ' are ofracted
S %@@Wm

I—

s Ccloud]. Thes & the So-aalled Covalent
bond, expluning the imation of Ha. motcule &

But cn sodivem chloride (NaCR), the electon sharng ¢ Mor
cequal. The resulfing bond & calledd (onic bord. Pt the
probability density fBr the cutermost
6@26}?07'\ of Na cn NaCQ .

Ce s 1S'2sorf 3s'35° /\/\
+ —
+ g =

<Q,,. Na,Coclosed shefls. A C,Q “g
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foge =
D Rofential-energy ciagran revssited. The pofentid
erergy diagram fer NaCQ o diffélent fiom that (S
Hy moblecule olue to the (onizahon bamrier.

i h53e\, N; = |
- ' ht&./4e o
-—OZétW CQ N&l B Vi? [\
A g Cg+g ~>CE+3elel
A/h-‘-
f-4,2 X o= Adc ap the. (onization
AacQ of Na arnd CQ 2
lj/\}ow = S S /\/c\++ OQ—}&— negdls erersy To ionize
Na, CR & _

Thww, when Na, CQ atoms come. closer, #\f))/neeo! Sone energy
lo &m (ons NG, 4. A Med an conrzation baure

Let wy fry Q@@A&J‘Wﬁfe Br he é)r‘no/f/@a')agyooo

W ;| Ge)e)
NaCQ ) — V5 Q =t =~ =, 'y

Since En,CQ ) =1/53eT, ERb®)= —6.0eV+453el;
[b/‘nob‘/@ energy = /86&5@)/ 4. Sev? gD )
TAS roggh exfimate (> Veery Close 7Lo the meastred velue 42eV. sev.

D Nuclootide binalr‘rg erergy. Erther covealent or (onic bondls

are Strong , typiaally several SV as extimated befdre.
However, the molecudey SHX Rrd resiolual interachons between
them —% offen referredd ax weak bordls. Their

Srength > much weaker, typiaaldly o the renge. \ .g
of 0,04~ 0,3 el .
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There are. 1hrec typex of weak bondld

AR O @@

Aipole ~dipole. cpoka - )
ircuced] olipole bona!

W/\ef\ one of the afoms i the dipolbe -dipole. bondl ¢ Aydegen,
the strengith IS Shongest @mong weak bondls andl #ud acquires
Q special name. — Aydegen bopd. Tt & the bondl holing DA
foge %er Lets extimate the binding energy between C & Q.

®—@< MM

012 o oo

nm_nm  hHm The chaggen Can be exfimates ffom the
measured dipole moment: 5= 9% = 042e, Y= W=01%€,
Pug in all remencal values To obfain the polential) enersgy
G tBe 3 (OR T =—oppzey—LDIS Lo Conpasable 1

the average Kinehc NErFy
ot room femperstzre 5 Kele = 0.04-€V. Because the energy

Scaled are clbse, DNA can tanchon iy o Civing cell near
room femperoifcusre. Omazz‘f%,o'gn?‘ gy

7AKRR,

Soltt 0627
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(ZE
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