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Catenary一1ike pattern of stretching DNA molecules

experiments and models
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Abstract It wa8 veri矗ed that our‘‘s—su8pension bridgc”Inodcl Illay br Ilot()uly

responsiblc for catenary．1lke patterns 0f DNA molccules whlch werc formt、(i|1l()⋯

experimcnts，bIlt also for catenary—like pa‘tcrIl8 of DNA IIlolecules in 1iteratllI t-
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1 INTRoDUCTIoN

A detail experiⅡlentaJ and theoretical analysis o{a two—dimension al patteTn of

grafted DNA molecmes on the swface of a soHd substrate by a moVi工lg meniscll s was

Teported in 1995．11 J BeTlsimon et n{．acqlliTed a loop·like shape of Faned DNA molecules

on the surface of a s01id substrate in terms of llis“molecular colnbing”technique jn the

range ofⅡ正cron scale．⋯However，o址y 0ne 0f their loops in Fig 2(d)has a clear and coIll—

plete outhne Make use of di艉rent experimental procedllres，more ckar nallo—cateIlary-

like p玑t钉ns of DNA molecuks has been formed in our studies，which were Tevealed by

atornjc force』Ilicroscope(AF】Ⅵ)and c0111d be understo。d quantitatively quite weⅡby

means of叫r“s—suspension bridge”model．【引The success of“s—suspensi。n bridge’’model

suggests that concemmg Ref[1】three points needing to discuss：

(1)BensiInon et口t obtained the solutions(i e Eq．(5)i工l Ref[11)
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of the foⅡowin set of differential equations：
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where a三Fu／E以．Apart from the inconsistent dimension of same symb01￡IJ(s)in t11e 1111

merator a肌d denoⅡlinator of Eq(1)，they clainled that the calculated shape，for F19 2(a)
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with a=1．36，for F唁2(b)wit】1 a=O 47，∞e in exceuent 89reement wjth the obserVatloIls

But they only corIlpared the evaluating value of p甜锄eter“a”in Eq(1 j wlth the mea—

sured(observed)Value“a”in F嘻2(a)

(2)Th8y neVer coHIpared the evaluating。alue zD(s)and z(s)(Irdght as weu ca儿c(1

￡。，)with the measllred value fo(s)and z(5)(Tnjght as well caⅡed zm)p。illt by poult l】1

the Ioops

(3)Whecher the postulate of“the end result is a constant stretchjng force一)paTaikI

to the ta工lgential directjon of a combed m01ecule”is reas。nabk?

In thi8 paper we ar8 goiIlg to report that not only oⅢcatenaTy patterIls of DNA

comd be understood by means of“s—su叩ension bridge”model but also the 100I)lTl

Fi92(d)in Ref[1]

2 EXPERIMENTIAL SECTIoN

T且e main experi功ental procedⅥes m3y be fbund in Ref[2】：

(1)DNA molecllles were stretched on the APTES．Tnjca【3]surface【4】

(2)To use a second water flow to constTuct the catenary—li】(e patterns of DNA

(3)The treated DNA strands was dfied and iⅡmlediately imaged with AFM

3 RESU工ⅡS AND DISCUSSIoN

Fjg 1 a11d F培2 are two typical results adopted from our hundreds of AFM jma驴s
Pattems in Figs．1—2 were forrned making use of two DNA str皿ds at the same time

Cllrves 1—4 iIl F培l aIld cllrves l一5 in Fig．2 have the foUoWing tkee features：1)帆
curves 1—4 in Fig 1 and curves 1—5 in Fig 2 bend to theⅡLoving djrection of liquid now

(external force)；2)all size of cllrves display syITmletric pattern8 appro]【lmately；3)their

sy咖etricaI axes are aU paraIIeI to the moVmg diTection of the liquid now 8ppro)【iHlately

Besides，fortunately，￡here exists a haⅢtone．p attern labeled“ht”iII F酿2．

One may鼢d that“sh8pes of the c盯Ves l一4 iIl F培1 and curves l一5 in Fig 2

as weu as loop F19．2(d)in Ref[1]look like a“suspension bridge”or a“catenary—likc”

curve approximately so that we have presented a physical mecha】缸sm caⅡed“s—su8pensi。Il

bridge”model responsible for these phenornena，吲in which a resultant was assurned to

be Perpendicular to DNA strands and distTibuted conthmously and unjforrnly along tlK

strands of DNAⅡmIecuks，see the sketch Figs．3(a)and 3(b)h Ref．[2】．startiIIg from a

cable be血g in static eqllilibrllm at any 1noment，the equations of static equilibrillm of

the segment CD jn Fjg．3∞)in Reff21 are

?sin口=，5，Tcos口=弱

fmally one may obtairL a catenary equation

Ⅳ=cc。s^；， s=csjn^：

(：{)

(4 J
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where，is the constant load per unit length of the cable，T the tangent tenslon Tat a11y

point D in the cable，s the arclength of the cable CD，％the horizont a1 tension at(：By

using Eq．(4)catenary-ljke patterns of DNA molecules were understood qllite well：

(1)According to Eqs(3—4)，one may mfer that under the action of liquid丑ow per—

pendicmar to“e aUgned DNA and distributed continuously aIld uniformly aJong tjle

DNA str aTlds，those segments not adheriIlg矗rTnly to theⅡlica surface蜘gllt be firstly

stretched and bent meanwhjIe as a catenarv—hke curve with svnlmetrlcal a墨es Darallel“)

the direction of the bquid now and then stuck on the工Iuca surface randonllv

(2)Let us use L and^to denote the span(width)aIld the sag(depth)of a catellary

respectively． The cllrve 1abeled“ht”iIl F培2 wollld be“frozen”as a ha正tone—p砒tcrn

when the used liquid now was tured ofr dlle to the span三of“ht”being bigger thaII

others and haV主Ilg no enough tirrle to take sh印e

f3)Par锄eter c characterizes a catenary．The c8teⅡaries with the same paraTneter

c are terHled to be equal峥J P盯ameter c is not an adjustable one，w上lich is deter“ned

by the span，the sag and Eq．(4)．Fbr curves in Figs．1—2 we measure their spans as weu as

s89s and eVaIuate the para工neter c according to Eq(4)，then hst data in Table 1(a)a11(1
Table 1(b)respectively．The ralative extension(2s／L)of a catenaTy isⅡsted in Tab】e l

also

(4)Obviously，in the nanometer scale，we have been unable to control the directjon

of the water flow strictly yet，so that the nano—scale patterns ofDNA strands dispIays a

syr【Lrr嵋try approxirr吼teb merely，

F碴．1 OIIe typical AFM image adopted from

our llundreds of AFM images．Data were

∞Ilected by Tappi“g—Mode AFM【2】Scan size

3．0“m×3“In

Fig．2 Anotller typical AFM．111吣e扎d(町，№

from ollr hundrcd8 of AFM Im；lgI、t1 DrLf r。

wcrc colkcted bythe samc way asill F1卫1

Scan sizc：3 0Ⅳm×3“m
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T曲le l T11e ev“uated valuc of parameter c aIld totalle“gth S

(a)

(5)The shape of all the curVes in Figs．1—2 could be 6tted quantitatively by Eq(4)

q11ite weⅡ．For si功pⅡcjty，we oJlly百ve two已x锄pJes here．31abje 2fa)一2(b)，show tjle

comparison between measuring V出ues^m and the eValuating values^e for curve 3 1n

F培1 and c11rVe 1in Fi92 by the use of following equations

Ⅳ。=ccos^专， ^。=^～+c～Ⅳ。， (5)
C

‘+

where z is the measuring Value of coor山nates ofpoints on the c11rve 3 iIl Fig．1 and on tlle

cur”1 in F培．2，^md∞the s89 ofthe cllrve 3 itl Fjg 1 and。f幽e cur阳1 jn Fjg．2，^。the

evaluati工lg values correspondjng to eaclI z，the values of c are takeⅡfrom Thble 1 TIIe

comparison for other cllrves in Figs．1—2 are not bsted and wm be published elsewhere

Table 2 The comparison between rneasuring va．1ues^m and the ev出ua“ng valll‘、s 7L，

Table 2(a)[c=246砌，k⋯=219土8nm]

Table 2(b)【c=927nm，^m。。=30l士8nm

z(×102nnl) o．82 1．64 2．19 2．74 3．28 3 83

矗。(×102Ⅲn) 20．00士o．08 18．50士o 08 16 90土0 08 14．60土o．08 ll 60士o 08 7 80士仉(J8

^。(×102nm) 20 01 18．49 16．83 14 56 儿．59 7．76

(6)M0veover，the shape of F逗2(d)in Ref．[1]coIlld be丘tted by the use of Eq．(4)
q_nite weu also，see Tobk 3，where c=4 78(pm)is eValuated in terms of Eq．(4)，and t11e
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measured values of the span(上=6．12×2pm)as、Ⅳeu as the s89(h讯nz=4．49pnl)of thc

curve Fig．2(d)in Ref[1]

(7)As we know，the tension T at any point of the cable cD in Fig 3(a)in Ref[2]i H

giVen by

T=％孚=，， (6)
oZ

The tangent tension T at any point of any defor血ng DNA segment is a comPon e11t

of the total resllltant f缸ce and is pr叩ortional to its venical coordinat8Ⅳ This poiIlt

is d讯brent from the postlllate of‘‘a constant tangenti“force exerted on the molecllHl

used irI Ref．【1]．Judging from this p。int that the total Tesultant foTce in Ref⋯s11叭lld h

a1。ng the rece ding direction ofa meniscus and was出stributed continuously and unjforImy

“ong the loops，but not a10ng the tangential direction of the combed DNA mole cLlle

4 CoNCLUSIoN

Th。present work reveals mrther that，as a whole，the stretched DNA strands stiU

behave like a丑e】【ibk cable in nano—scak；the classical elastic mechanical works very well；

the shape of two—dimensional pattems of stretclling DNA molecules may be controUed，

whjdl can be used jn￡he des瑶n of DNA based de订ces．Bu￡the sige∞ld c of patterns

are sml beyond contr01 so far．
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