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DNA structure spectroscopy by synthetic pigments using LED lighting
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Abstract. It is clear that DNA concentration and biological detection devices have many applications in the fields of
genetics and biotechnology. For this goal, some similar devices have been designed working with the laser light which
the disadvantages of them are high prices and the use of significant amounts of sample volume. But this designed
device which works with LED light has very cheap manufacturing cost. The amounts of DNA used in this device are
very low, about a few micro-liters and measurement of small, fast and portable it is also the advantages of these devices.
The Data recorded as voltage versus time and the Fourier transform the frequency domain. From the frequency curve,
by using the Byrlambrt it is possible to obtain the relative concentrations of DNA, viruses and assays measuring DNA
damage and many other applications. By use of this device, the concentration of DNA colored with three different
pigments was measured.
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Fig. 1. The electrical part of device for determination of DNA concentration.


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

[ Downloaded from system.khu.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.24236330.1394.2.4.7.0 ]

[ DOI: 10.21859/acadpub.nbr.2.4.312 ]

314/vy¢

Nova Biologica Reperta 2 (4): 312-321 (2016)

FIVYYN S 6L ¥ aly i pole 0 (g cslaaily

USB s 4 Copw L 1) SMbl Wiy o 5 AS o
VAP s Co sy by e b g Sledbl bl iz 5 5eelS
oKaws idw op AT 48 0 Jloyl Jie S 4l
DM o™ ol (S5 S IS 3315 5 e 203 ol
o ol aid 5 )l Ble i L5 5 selS USB o) 5o,
Coge & 5 dsh e Dby Sy Ilsns ¢l S 5 0L
oaia Sl sladly )5 5555 o0 0005 il RealTime
3 35h g0 a8 FFT Lils 5 b 3L 55 Sledbl i adl )
2 @i 5 Ol 1l 5 AT e 55 il L1l )
50315 Sy o 4 SleMbl 3,53 GGl 5 3405 15 Ole 5 ldda
DLl 3 ) 5 5 Ol e S S 4 WS

‘M'>L5° )‘J'; J{)lf
elo)T plesil (g

T Jsb lils < LED 545 AeS g b ) s
Vool el S 4 ST Son Lo 5 Bl e YO MM
A 5l Cab ol O b e 55 e b5 G A YL
Ky IS SeonSily Cab bl LIS L sl
Log 53 DNA su S o 3505 w305 4 o) e
s go ol o ool ok (6 5Ty s 55 40 6555 5S040
Stryer ) 55 o Joaze DNA ol 4 Y S Gl 5
b by LS, IS4 ol (& Haugland, 1967
“Oler S o bl g 35 1 s diph e Sy LS
4 odds Ciwysls (b o Sl gy ol Aol &S b
(Heller & Morrison, 1995) s, s> JouF & 50
eSS, m ol )3 o codd sbwl uiluy g 53 i
Al o DNA 5 bd S5 &S > sdasolis o5 das
Slaiy 4 Joaze 5, 5l ods ble il b (5,8 o510l
wibe LSS, o Aol sams Ol Sse b « DNA

(Niemeyer & Adler, 2002)

- Saland Jals zag sl oos s lesl e
Sls ) Oy slyls GLLED 31,6 s 6 o LED -Y st
Calisee sl g0 Jsby ool (oo ¥or 0L 5 s ¥ W
sl gaiby J ST 5 Sn 15T e Y 655 e ealin
SR Slp S L FAY Y )8 sl
Tloel ol JS 1 35 5 558 o0 03lizel LED 0357 i pels
rpen S o (68 Sl SSpls 5 b T 5 L
sla 2ls 5l 2l :@tﬁjcfzwu)&ﬂwgw
S S5 6l e gl O 5 e gl PR LIS L sl
-0 oolinl [ElejT (64 ged 4 3555 5 5l m 5 JSLED L5
oriloysh 8Ly Aby S sasg8 uaS Y 6ol
- «ast . RadioShack g5 51205 1) & 5a3 Sl ek sbLa
I 55 g ADB33 oo (6T 51 1S 53 e
olpon s RS 5 T B g g8 ) (Bl uss
GT 5 idams o S IUT Jae —F 355 0 oslizal S
© g ST J&ew bias oy AD7816 .
b ols pisns Ul o 6T ol 358 oo o3linul Jlious
) i Cood 315 1y S VY LB5 5 5 aLS Yo s
RS S =) Jols oS ol S!Sl ot o8z
L« Atmel o5, o=l Atmegal6 J 85 S
oS 0dd o3lizul e Cpl 53 SIs 0 5 5 5 a KA Ll
gl dlsl g ssns e 5l sy Sledbl Cib s aabs
She ol 53 DAQ v T-Y 63405 1) 5 suslS a4y Sl
Vg laaiy5a 0557 057 bl 4 30 5 besls 55T rex g
Cob VeYE &S 5 S s bl 1 55l e e O3
2 SolPles Sogon Dbl 3pd e eslital (AL
S 5 bl Al pl )3 5 )3 5 Se Loy 436 e
USB & Jbw Jus =Y 6358 0 03beT 5 5slS 4y JLu )
USB Yl s Sy g 5l 5 smnalS a0 el Jlus ) S
SleMbl & ol 515 SleMbl Jlo ) 51 5 bl 555 oo 3Lzl
3 s cpl plamil g 358 o5 USB 4 5 S b e
FTDI &5 5 o=l FT232 Serial t0 USB Juw
3 e S VTP Jie ) Lol ods ealizal
shasy USB2 5 USBL (sl G5 5 51 5 3505 1) Sledbl


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

[ Downloaded from system.khu.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.24236330.1394.2.4.7.0 ]

[ DOI: 10.21859/acadpub.nbr.2.4.312 ]

315/v\0

Hashemi et al. DNA structure spectroscopy using LED

LED ;) estizal 4 DNA (6155 il oSan 5 oatlo

B
A
C

DNA Tweezers

Animating...1/4

DNA sl 4 eSS, IS0 50 Jlasl 6 Y S8
Fig. 2. The style of connection between pigment molecules to DNA structure.

S S e Lo 5 iy o 5 sl Y IS
Fig. 3. The fluorescent beam propagation by pigment molecule.

aﬂwwu)}ﬁchWQJFQAMTQ:
(Smith etal., 1992) 51> Kewo

5 odds LSJ)TC"".' DAQ o T Lwy Sl pl s
Loy DI 51 55kt 4 USB 4 Jb o Jie Lo
sz 15 5 ms wbn 0L & old wis Il
5 ol 0> SEMbI pl s e ook S seslS 4 S
Sy 4 0T &5 s 5 Ol e 2 S5 o) goty L1531
ol fd (o5 a0 fT 2sd e 03l Gl WS
2 plST p o g Sl IS s [ b S S
ol 1y X sy B idas o Ol (Llodks b (5 p0lie
53 ks odaline ,ldie X(1) S‘ﬁﬁﬁﬁ,;@u; S S5

j‘ b QTJ.‘{JLEA ‘)"’J‘f ‘.“,.1‘ LS})_)f 4.1)}9 g}i”\“s cQ..w\t O\.ﬁj

o Aol 51l edias ailu s S s e Ol ¥ S
232 b 6305 51 (Jen il 58 Bl o il 6 S 5
2SS IS st b b alize SIS L slyls 2k S
0SBy 8 iles b a5 s
by spags 5 s S sd e Dl g5
e @8 0T (Sl g 5l olie 5 ods Sy s 6 LT
4 & T Sl Sl Sl s 4 S JUT Jdo b 5 s 235
QU b Js 51 g I o 0 ok Sl
-@J;SJ\AAQ:ﬁALEDjim.&.MQ))..m\.le\f@)f'-
man) b T AL e s cplay el o) S e S T
o5 ¢355 a8 DNA (450 3 LS Cab SILED 4 ¢
5305 Caenl Lo (sl S0 3l ol uila, s Cab Laid
4 I pl sl o ab gy e DNA iy gl saias Olis


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

316/r\¢

[ Downloaded from system.khu.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.24236330.1394.2.4.7.0 ]

[ DOI: 10.21859/acadpub.nbr.2.4.312 ]

Nova Biologica Reperta 2 (4): 312-321 (2016)

FIV-YYN SF 6Lt ¥ ale i psle o oy sloasily

byl ol Jame 55 0lg L s | g ediedsl
b lize lois «atntin (IS5 080 s Ol Ol je
Sy 55 b uilS 3 dals Cnd .ol OT Jsb 5 0sle Zlale
Ay g g D e b Gl it ) 8 (5 o Loy 0T
DNA J¥ 50 Sl o (2310 L kil o 50 b5y 5 )
g0 Chle Ol o DNA ¢ @5 g5l Jsle sb

3405 e |, DNA
o g b

IS0 Lol sl &5, DNA s 0L 5 boles
gl A la ok 514 OA g5l S e K
JYjﬁjjg-:ﬁ?F' C,.la.lﬁj/" J‘Y,« "‘i]" 6\)‘) ol 0l
do=veenn A=A el eyl sl 15 L sl .
s 55 Gl L oy L= somm , e=¥

Cwsa C=FFA pm A = lngl% = lng% = —ecL

Sy el A o Jate iS5 gaels 4 Jloj dlels
4 S e lF eks e 6148 4w f Sl e
oSl s Gy e > Caeal  uls S sk
TR NP JUIF JUMPECRWIST SR
o3 X(N-1) )3 oy op anl o575 X(0) 53 s 8
e O Bl Sl s O el o
N G DMl ol oo 0T &

LOlg oo odeT Cawdas uilS 3 Aals 5 S5 (glals g0
maly b 5,0 DNA i cble & w0 056l eslanal
dsb Sl b ool clle js oo mY 056 b syl cas
08 Gb bl (o BB ls 0 Do 5 Ol cosle
S S A ole gl Bl mB esle Ol O 5
OT daly a5 558 0 Ol S yueV— 0 056 Cow 056 55 o)
ggj;gotﬁfl=lcrgl%=lng%=—ch. Sy g 4
N odr Co e Bl Co e TGl 01w A 0T s
s J b Ldly o O3l s ol glad jlslo w6 &S)

NN cu:\:— asle oble C c;.JSlq-EJLA Culeo b ys yse

S N N N SN G S—


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

[ Downloaded from system.khu.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.24236330.1394.2.4.7.0 ]

[ DOI: 10.21859/acadpub.nbr.2.4.312 ]

Hashemi et al. DNA structure spectroscopy using LED LED ;l ool L DNA (5,55 cils .o S 3 oiila

317/v\v

3500000
3000000
2500000
2000000
1500000
1000000
500000

.-----......Annl‘l‘lllll 0

T O 4 O 4 OV a4 VW d OV dOWd OV d 0O 0OV 0OV A O -

A T ON O ANNMOTOOIN O OANANOOMmO

A OO OO NN OULOUNnNEEET TN oM NN A A

.‘I J. ) I} b

L, WY VUM SIS W SN N NN S BT SN DU S N S S N A S S S —

wosle b (© cosle 0 pubs (Ll Sl 55 dials 5 0le3 5 b Jlssas —F S

Fig. 4. The plot of voltage spectrum versus of time and amplitude for (a) without sample and (b) with sample.

4 CEAVYA UM A = lcrg_l%= lng% = —ecl J, S e K, IS g0 b ok (65T, DNA aals s
T e s Syls (l odh ol z A sladle i« df &

SIYVOVE e il o Y ga g SCVAF Clle 5 /Y Y0 o

2 )&l L s L= romm ye=x TSk


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

blesd ¥ sl i pole 18 g sloasily

°)

FAY-YYY F

-321 (2016)

318/¥1 Nova Biologica Reperta 2 (4): 312

3500000

[ 6T-G0-¥202 U0 41-Je'nyf weisAs wouy papeojumod ]

3000000

2500000

2000000

1500000

1000000

500000

(0272 ¥6ET 0E€9€CZ T TOOT 02 *HOA ]

A L -

S S N

4
u_ﬁ
:
|

I WO T T VRN SN N

[ 2T 2 Jqu-gndpede/6s8TZ 0T -10a ]


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

[ Downloaded from system.khu.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.24236330.1394.2.4.7.0 ]

[ DOI: 10.21859/acadpub.nbr.2.4.312 ]

Hashemi et al. DNA structure spectroscopy using LED LED ;l ool L DNA (5,55 cils .o S 3 oiila

319/¥14

3500000
3000000
2500000
2000000
1500000
1000000
500000

--A‘A‘A“......'.l‘ll—llj 0

I O " O+ O OV d OV -dOWd O d O O 0OV A O -

DT O N O ANNMOOST OW O OV HdNNOMm O I

A OO0 ORNMNOUON N TETTIT NN AN AN A -

wo3le b (G ol sy (Call Sl 5y dtels 5 0o 5y b I gui =0 S
Fig. 5. The plot of voltage spectrum versus of time and amplitude for (a) without sample and (b) with sample.

Jsap o slfs L 5 L= somm 2SSy IS b oets 5T, DNA 35 culg o
Cowsds C= Y1140 um A = lr:rg_%r = lng% = —zcl i A Gladshe 5l S K5 g5 g

AT Y Clle 5 /Y Vg oo Gl &5 il o (sl 0l

e=/Y Lo =F Yl e Y e S

N

1, A Il
(R N WV, VDR SIS N AN VR Y | F I T P . PO P

i



http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

[ Downloaded from system.khu.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.24236330.1394.2.4.7.0 ]

[ DOI: 10.21859/acadpub.nbr.2.4.312 ]

Nova Biologica Reperta 2 (4): 312-321 (2016) FAV-FYY F 5,0 ¥ o ) pole 10 g slaasily

320/vy-

3500000
3000000
2500000
2000000
1500000
1000000
500000

0

991
946
901
856
811
766
721
676
631
586
541
496
451
406
361
316
271
226
181
136

91

46

S PR WS Y I IR RN P S NN SN T S A S S S S

3500000
3000000
2500000
2000000
1500000
1000000
500000

--A---A.‘...Annlllllllll 0

T O =+ O +H O =+ OV d OO cd O A O d O d O d O -

D T O N o O ANMNMOO<T OHOW O OV A NN MO I

A OO OO NMNOULOUN N T TN AN N A -

cosle b(u cosle Qj.b (ujl Il jl:J, &A‘)} QLa) wjg;\ﬂ) dﬁb)‘)ﬁ—i Jg.&
Fig. 6. The plot of voltage spectrum versus of time and amplitude for (a) without sample and (b) with sample.


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html

[ Downloaded from system.khu.ac.ir on 2024-05-19 ]

[ DOR: 20.1001.1.24236330.1394.2.4.7.0 ]

[ DOI: 10.21859/acadpub.nbr.2.4.312 ]

321/¥vy

Hashemi et al. DNA structure spectroscopy using LED

LED ;loslasl L DNA 5,5 cads ), Ko g ooila

Olge 4y Calizes sad sl GLDNA Csles jeseis jo S
e s DNA 457 J 287 5 sl 5 oIl GWDNA Jt.
5 DNA & T Ol S o5l 5 05 Ok Olje

Syl :J.ulfﬁ:)\:m{ s 8

References

Alberti, P. and Mergny, J.L. 2003. DNA duplex-
quadruples exchange as the basis for a nanomolecular
machine. — PNAS 100: 1569-1573.

Heller, M.J. and Morrison, L.E. 1985. In Rapid
detection and identification of infectious agents. —
Academic Press, New York. pp: 245-256.

Mao, C., Sun, W., Shen, Z. and Seeman, N.C. 1999. A
nanomechanical device based on the B-Z transition of

DNA. — Nature 297: 144-146.

Niemeyer, C. and Adler, M. 2002. Nanomechanical
devices based on DNA. — Angew. Chem. Int. Ed. 41:

3779-3783.

Simmel, F.C. and Yurke, B. 2002. A DNA-based
molecular device switchable between three distinct
mechanical states. — Appl. Phys. Lett. 80: 883-885.

*khkkk

S (& 5 A

LED L5 5l a5 ai astlo 5 ol b (6,800l o35 ol 5
5 5 Ol sl 457 A o o3lizul ba & gas &S5 o5 (5 5
4 0lg oo 1y DNA Clle wil o alin slaa sl j1 51,5

35 s 31l (gl 15 a5 3l e3litl b b geites oy s

Smith, S.B., Finzi, L. and Bustamante, C. 1992. Direct
mechanical measurements of the elasticity of single
DNA molecules by using magnetic beads. — Science
258: 1122-1126.

Stryer, L. and Haugland, R.P. 1967. Energy transfer: a
spectroscopic ruler. — Proc. Natl. Acad. Sci. USA 58:
719-726.

Yan, H., Zhang, X., Shen, Z. and Seeman, N.C. 2002.
A robust DNA mechanical device controlled by
hybridization topology. — Nature 415: 62-65.

Yurke, B., Turberfield, A.J., Mills, Jr., A.P., Simmel,
F.C. and Neumann, J.L. 2000. A DNA fuelled
molecular machine made of DNA. — Nature 406: 605-
608.

Hashemi, S.M., Salmani, S. and Majles Ara, M.H. 2016. DNA structure spectroscopy by synthetic pigments using LED

lighting. — Nova Biologica Reperta 2: 312-321.

pske 03 oy sbaasl — LED i 5l aslizal b o yrae saalaSS) ¢SS 4 DNA sl (6560 Cab AYAF Lo T e 5 ¢ globs e o o onbla

YN Y o


http://dx.doi.org/10.21859/acadpub.nbr.2.4.312
https://dorl.net/dor/20.1001.1.24236330.1394.2.4.7.0
https://system.khu.ac.ir/nbr/article-1-2536-fa.html
http://www.tcpdf.org

