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ABSTRACT 

The trapping dynamics of  plasmid DNA molecule linking to polystyrene microsphere (trapped bead) in optical tweezers 
are investigated in the CW regime using the finite difference Langevin equation (FDLE). The obtained results show that, 
due to the extension of DNA moleucle, the stretching process characterizing by its pulling time, and stretched length 
depend on the peak intensity  of  laser  beam and its initial position. The conditions to stretch plasmid DNA molecule in 
stretching state are discussed and the threshold value of energy of lase beam is found out and compared to that of λ-
phage DNA moeucle.    
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1. INTRODUCTION 

There are many works interesting on using optical tweezers to trap the biological molecules, especially the DNA proteins  

[1-8]. In almost of previous works, the optical tweezers is using to measure the extension force of all phage of DNA [1-14], 
[17-20], only.  Lately, the equation of extension force of DNA molecule is modified [21] and the dynamics of polystyrene 
microsphere linking to λ-phage DNA molecule in optical tweezers are simulated [22]. In the last work, we have 
investigated the influence of all parameters as the peak intensity, duration and beam waist of the laser Gaussian beam 
well as the initial position of trapped beat on the pulling and stability times. The obtained results also show that, due to the 
contour length is too long more than the waist of trapping laser beam, so before doing a trapping process, the trapped 
bead must be pulled by certain ways into irradiated region, and in opposite, the λ-phage DNA molecule can’t be in full 
stretching state, never. There are questions that what is the DNA molecule could be stretched by optical tweezers, and 
what are the conditions to stretch it at the contour length? To answer above questions, in this paper using FDLE the 
dynamics of the polystyrene microsphere linking to plasmid DNA molecule in CW regime are simulated. Then the 
conditions to stretch plasmid DNA molecule are discussed. 

2. FINITE DIFFERENT LAGEVIN EQUATION 

2.1.The model of optical tweezers for DNA molecule 

Consider plasmid DNA molecule is embedded in a suitable fluid, i.e., the refractive indexes ratio m>1 [23, 24]. One end of 
plasmid DNA molecule is linked to a glass cover slip through a surface-anchored RNA (ribonucleic acid) polymerase, the 
opposite end is attached to polystyrene microsphere, which is captured or held under tension with optical tweezers, and its 
position is monitored by a CW laser Gaussian beam.  

 

                                               a                                                                                     b 

Fig 1: a) Cartoon of an proposed experimental geometry and  

      b) The beginning set-up of trapped bead in tweezers 

The proposed experimental geometry of plasmid DNA molecule with optical tweezers is shown in Fig. 1a [11, 13]. The aim 
of  proposed optical tweezers is to keep the DNA molecules in stretching state. The polystyrene microsphere plays the 
role linking plasmid DNA molecules to center of optical tweezers and glass cover slip. As shown in Figure 1a, the 
polystyrene microsphere is under acting of three forces: the elastic force of DNA molecules, Brownian force of fluid and 
optical force. 

2.2. Finite different Lagevin equation 

The general Langevin equation (GLE) describing the dynamic of bead linking to DNA molecules in optical tweezers [25].  

 
,

( ) ( ) ( ( )) ( ( )) 2 ( )
gr el B

m t t F t F t k T W t
r r

r gr r r g= - + - +&& &                               (1) 

where m  is the bead mass, 6 ag ph=  is the friction coefficient, h  is the viscosity of fluid, a is the radius of bead, ( )W t
r

 

is the white noise at position ( )tr ,
,
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r  is the transverse gradient optical force, which depends on the intensity 

distribution of laser beam, radius of trapped bead, and polarizability of the bead in the fluid [21, 26, 32], ( (t ))
el

F r is the 

elastic force, which depends on the extension of DNA molecule
0i

r r-  (see Fig.1b), 
231, 38 10 /

B
k J K-= ´ is the 

Boltzmann’s constant, and T is absolute temperature (K) [21]. The term in the left of Eq.1 is inertial. In the right of Eq.1, 
the first term is friction, second is restoring, third is stretching and the last is white noise. We consider a polystyrene 

microsphere  with radius 0.05a mm»  [15, 27], average density of 1.35g/cm
3 

[24, 28], and its mass of
181.5 10m kg-» ´ . 

It is embedded in water with viscosity 0.001 /Ns mh =  at temperature T of 300K [15] so the friction coefficient 

is
106 94.3 10 /a kg sg ph -= » ´ . Thus, the momentum relaxation time 

8/ 0.17 10m st g -= » ´  is much smaller than 

the time scales of typical experiments [29], consequently, it is often possible to drop the inertial term (i.e. set 0m = ). 

Finite difference simulation of GLE are straight-forward: the continuous-time solution ( )tr  of an GLE is approximated by 
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a discrete-time sequence
i

r , which is the solution of corresponding finite difference equation (FDE) evaluated at regular 

time steps .
i

t i t= D  If tD  is sufficiently small, ( )i i
tr r» , a FDE is obtained from the GLE as  follows [21, 22, 25, 26,]: 
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which is called as a finite different Langevin equation (FDLE), where , 1,2, 3, 4
i

W i =  are random values of white noise at 

i
t [15, 33]. The solution is obtained by solving the resulting FDLE recursively for

i
r , using the values 

1i
r

-
 and 

2i
r

-
from 

previous iterations.  

3. STRETCHING PROCESS OF PLASMID DNA MOLECULE 

As an example for simulation, we consider a single plasmid DNA molecule with ionic condition of 10mM Na
+
 having a 

stable length of 47
b

L nm=  and contour length of 1.33L mm= [18]  is attached to a polystyrene microsphere  with 

refractive index of 1.57
b

n = ,[25, 30] which is embedded water with refractive index of 1.326
f

n = [27, 31]. The optical 

tweezers is using a CW laser Gaussian beam with wavelength of 1.06 ml m= , which can be focused by lens so that its 

waist is constant and peak intensity can be changed. The trapped bead is placed at the beginning position,
0
( )mr m  with a 

distance of 
set b

L L L» -  (m) on the left from the center of tweezers. That means
0

( )
set b

L L L mr m= - » - as shown in 

Fig. 1b.  

 

Fig 2: Stretching process of DNA molecule at initial position of 
0

1.33 mr m»   

for the case of 
2 2

0
1 10 /I W cm= ´ ,

0
1W mm= . 

The dynamic, i.e., the position-time characteristic of polystyrene bead in optical tweezers describing the called “stretching” 
process of plasmid DNA molecule is simulated by Eq.(2) with time step of 1μs (Δt=1x10

-9
s) for the case of CW laser 

Gaussian beam with peak intensity of
2 2

0
1 10 /I W cm= ´ and beam waist of 

0
1W mm= , and the bead’s initial 

position
0

1.33 mr m» , is simulated and illustrated in Fig. 2.  

 

Fig 3: Stretching processes of plasmid DNA molecule at initial position of 
0

1.33 mr m»  and 
0

1W mm= . 

for different peak intensities 
2 2

0
5 10 /I W cm= ´  (1), 

3 2

0
1 10 /I W cm= ´  (2),

 
3 2

0
5 10 /I W cm= ´  (3)       

and 
4 2

0
1 10 /I W cm= ´ (4) 
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As is shown in Fig.2, after a pulling time about 65
p

T ms» the trapped bead is kept stability in the called “stable” position 

of 0.69
st

mr m= - , and the maximum stretched length
0

0.64
st st

L mr r m= - = . That means, at stable position the 

elastic force is balance with optical one and the maximum stretched length, will be constant ( 0.64
st

L m constm= = ) after 

the pulling time, 65
p

T ms» . To enhance the maximum stretched length, i.e., to pull the trapped bead more near to 

tweezers center, the peak intensity must be increased. That can be seen in Fig.3, which describes the stretching 
processes of plasmid DNA molecule with different peak intensities. The results show that with increasing of peak intensity, 
the maximum stretched length of plasmid DNA molecule increases, meanwhile the pulling time reduces with increasing of 
peak intensity. It is more clearly in Fig.4, which illustrates the dependence of the maximum stretched length and pulling 

time on peak intensity. There are two asymptotes for pulling time
0

lim 0
pI

T
® ¥

= , and maximum stretched 

length
0

lim
strI

L L
® ¥

= .  

         

a                                                                        b 

Fig 4: Stretched length (a) and pulling time (b) vs. peak intensity when
0

1.33 m Lr m= = . 

Since the peak intensity of conditional laser beam has a certain limited value, i.e.,
0

I < < ¥ , the trapped never reaches 

the center of tweezers (it means 0
st

r <  always), and the plasmid DNA molecule is never be in stretching state (it 

means
st

L L< always) when initial position is of 
0

1.33 mr m= . From Fig.4, we also see that, it is most sensible to choice 

the maximum stretched length of 1.2 90%
str

L m Lm= » , for which the plasmid DNA molecule could be seen to be in 

stretching state with reduced pulling time by increasing the peak intensity. Thus, now we find the peak intensity for that the 
trapped bead is stable in center of tweezers. For this purpose the stretched processes of plasmid DNA molecule at initial 

position of 
0

1.2 mr m=  for different peak intensities are simulated and illustrated in Fig.5a. 

   

a                                                                         b 

Fig 5: a) Stretching processes of plasmid DNA molecule at initial position of
0

1.2 mr m=  (90% of contour length) 

using laser beam with beam waist 
0

1W mm=  and  different peak intensities 

4 2

0
1 10 /I W cm= ´ (1),

4 2

0
5 10 /I W cm= ´ (2),

5 2

0
1 10 /I W cm= ´ (3) and

 
5 2

0
5 10 /I W cm= ´ (4); 

b) Stretching process of λ-phage DNA molecule at initial position of 
0

14 mr m=  (90% of contour length) using laser 

beam with 
0

14W mm=  and peak intensities 
6 2

0
1 10 /I W cm= ´ . 

From Fig.5a, we can see that in this case, to stretch a plasmid DNA molecule to state of stretched length of 1.2
str

L mm= , 
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it is convenient to enhance the peak intensity of laser beam with 
0

1W mm=  to
6 2

0
1 10 /I W cm= ´ , which is the 

obtainable value from a popular laser used for optical tweezers. Moreover, with this peak intensity the pulling time reduces 

to 0.03
p

T ms= . That means, to pull trapped bead into center tweezers and to stretch a plasmid DNA molecule in 

stretching state it must use a maximum laser energy of 
2 8

0 0
66 10

p
E I T Jp r -= ´ ´ ´ » ´ , only, which is more smaller 

than that for a λ-phage DNA molecule,
21 10 J-» ´ (see Fig.5b). 

4. Conclusion 

The stretched processes of the plasmid DNA molecule with ionic condition of 10mM Na
+
 linking to a polystyrene 

microsphere placed at different initial positions in optical tweezers using CW laser Gaussian beam with given beam waist 
in scale of contour length and controllable peak intensity are investigated. The dependence of the pulling time, stable 
position of trapped bead and the maximum stretched length of DNA molecule on the peak intensity of laser beam is 
simulated, and the condition for that the trapped beat stable in center of tweezers is discussed. The results show that the 
pulling time and peak intensity (or maximum energy) of laser beam to trap a plasmid DNA molecule are reduced in 
comparison to that to trap a λ-phage one.  

REFERENCES 

[1] C. Deufel, M. D. Wang, Biophys.J.  90 (2006),  657-667. 

[2]
 

R.R. Bau, P.B. Tarsa, J.M. Ferrer, P. Lee, and M.J. Lang, Biophys. J.  91(2006), 1069-1077. 

[3] U.F. Keyser, J. van der Does, C. Dekker, and N.H.Dekker, Rev. Sci. Intrum.  77 ( 2006), 105105. 

[4] U. Deufel et al, Nature Phys.  2 (2006), 473-477. 

[5] W.J. Greenleaf, M.T. Woodside, and S.M. Block, Annu. Rev. Biophys. Biomol. Struct.  36 (2007), 171-190. 

[6] Y. Seol, J. li, P.C. Nelson, T.T. Perkin, and M.D. Betterton, Biophys. J.  93 (2007), 4360-4373. 

[7] D.C. Appleyard, K.Y. Vandermeulen, H.Lee, and M.J. Lang, Am. J. Phys.  67 (2007),  393-400. 

[8] J.R. Moffitt, Y.R. Chemla, S.B. Smith, and C. Bustamante,  Annu. Rev. Biochem.  77 (2008),  205-228. 

[9] K.C. Neuman and A. Nagy, Nat. Methods  5 (2008), 491-505. 

[10] F. Borghese, P. Denti, R. Saija, M.A. Iati, and O.M. Marago, Phys. Rev. Lett.  100 (2008), 163903-1-4. 

[11] T.T. Perkin, “Optical trap for single molecule biophysics: a primer,” Leser & Photon Rev. 3, (2009),  203-220. 

[12] T. Lee, S. Kheifets, D. Edellin, and M.G. Raizen,  Science  328 (2010),  1673-1675. 

[13] A.H. Mack, D.J.Schlingman, L. Regan, and S.G.J. Machrie, Rev. Sci. Intrum.  83 ( 2012),  103106. 

[14] G. Sharma, K. Rege, D. E. Budil, M. Yarmush, and C. Mavroidis, IEEE trans. On Nanotech.  8 (2009),  684-691. 

[15] 
 
G. Volpe and G.Volpe, Am. J. Phys.  81 ( 2013),  224-230.  

[16] 
 
M. Hamdi et al, Proc. IEEE International Conference on Robotics and Automation, Orlando, Florida- May, 2006,  
1794-1799. 

[17] C. Bustamante et al, Science  265 (1994), 1599-1600. 

[18] C. G. Bauman et al, Biophysical Journal,  78 ( 2000),  1965-1978. 

[19] D. T. Thai et al, J. of Military Science and Technology 30 ( 2014), 109-112. 

[20] T. Roopa, Applied Physics Letters,  82(10) ( 2003), 1631-1634. 

[21] D.T. Thai, V.L. Chu, Q.Q. Ho, International J. of Engineering and Innovative Technology, 3 ( 2014), 1-4. 

[22] L.V. Chu, D. T. Thai, Q. Q. Ho, J. Physical Science and Application, .4 ( 2014) , 333-338. 

[23] A. Ashkin, Phys. Rev. Lett. 24 (1970), 156-159. 

[24] A. Ashkin, J.M. Dziedzic, J.E. Bjorkholm, S. Chu, Opt. Lett.  11(1986),  288-290. 

[25] G. Volpe et al, Phys. Rev. E 76 ( 2007),  061118-1-10. 

[26] Q. Q. Ho, D. H. Hoang, J. of Physical Science and Application, 2(9) ( 2012),  345-351. 

[27] V. Bormuth et al, Opt. Exp. 16 ( 2008), 13831-13844. 

[28] K. Gekko and H. Noguchi, J. Phys. Chem.  83 (1979),  2700-2741. 

[29] E.M. Purcell, Am. J. Phys.  45 (1977),  3-1. 



                ISSN 2347-6893                                                      

1461 | P a g e                                                    S e p t e m b e r  2 5 , 2 0 1 5  

[30] A. Samoc et al, J. of Applied Polymer Science, DOI 10.1002, 2006, pp. 236-245. 

[31] A. Zajac, H. Eugene, and C. Eugene, Optics, 4
th

 Ed., Pearson Higher Education, 2003. 

[32] Q. Q. Ho, M. V. Luu, Hoang Dinh Hai and Donan Zhuang, Chinese Optic Letters,  8(3) ( 2010), 332-334. 

[33] Thai D. T., Chu.V. L., Hai H. D., and Ho Q. Q., “Dynamics of DNA molecules in optical tweezers,” Advances in 
Optics, Photonics, Spectroscopy & Applications, VIII, 180(2014).   

 

 

Author’ biography with Photo 

Prof. Dr. Quang Quy Ho is born 1954  in Nghe An province of Vietnam. He received master degree of 
mathemetic-physics at Copernic University, Poland, 1978, Ph.D degree of mathematic-physics at  
Vietnam Academy of Science and Technology, 1992. He has more than 100 domestic and overseas 
published scientific works. His interesting fields are laser, nonlinear optics and laser applications.  Up 
to now, he  has advised more than 70 Master and 15 Ph.D students completed scientical thesises. 

 

 

Master Van Thinh Nguyen is born 1976 in Ha Tinh province of Vietnam. He received bachelor degree 
of Physical science, 1997, master degree of Optics, 2011 at Vinh university.  Now, he works as 
physical lecturer at Baclieu university and is a Ph.D student at Vinh university.  

 

 

 

Dr. Van Lanh Chu is born 1977  in Nghean province of Vietnam. He received bachelor degree, 1998, 
Master degree, 2001 of physical science and Ph. D degree of mathematic-physics, 2009  at  Vinh 
University. He has more than 20 published scientific works. His interesting fields are Raman laser, 
and applications of nonlinear physics.  Up to now, he  has  advised  more than 10 Master completed 
thesises. 

 

 

Master Thanh Thai Doan is born 1976 in Nghe An, Vietnam. He received bachelor, 1998 and Master, 
2001 degrees of physics at Vinh University. Now he works a physical lecturer at HCM University of 
Food Industry. He has some domestic and overseas published scientific works. His interesting fields 

are applications of physics for Environment, Medicine, Food Keeping and Biotechnology.   

 

 

Dr. Van Luu Mai is born 1975 in Thanhoa province of Vietnam. He received bachelor degree, 1998,             
Master degree, 2001 of physical science and Ph. D degree of mathematic-physics, 2010 at Vinh 
University. He has more than 30 published scientific works. His interesting fields are laser, and 
applications of nonlinear physics. Up to now, he has  advised  more than 10 Master completed 

thesises. 


