Nghién ciru khoa hoc cong nghé

ANH HUONG CUA CHUM LASER LEN PONG HOQC
CUA VI CAU POLYSTYRENE GAN VOI PHAN TU ADN
TRONG KIM QUANG HQC

Bui Xuén Kién'", H Quang Quy*

Tém tit: Phuong trinh Langevin tong qudt mé ta dong hoc cia vi cau lién két
v6i phdn tir ADN dang chudi con sdu trong kim quang hoc don chim da dwoc dan
ra va chudn hoa. Sw dung phwong phdp Runger-Kutta, dong hoc cua vi cau
polystyrene gdn lién két véi phan tir ADN chung lambda da dwoc khao sat. Két qua
cho thdy, thoi gian chuyén dong vao tam kim va vdn toc tirc thoi ciia vi cau nay thay
doi phu thudc vao cuong do dinh va ban kinh that chim cia chium laser ung dung
trong kim. Cuéi cung, sy én dinh cia vi cdu tai vi tri 6n dinh cing dwoc khdo sat va
binh lugn.

Tiur khéa: Kim quang hoc; Pong hoc vi hat; Quan hé luc dan hdi va do gian.
1. MO PAU

Phéan tir ADN 1a d6i tugng duoc quan tdm nghién ctru trong sinh hoc. Cac cong trinh
truge ddy da tap trung khao sat bang thuc nghiém va xay dung 1y thuyét vé mbi quan hé
gitra lyc cing va do cing ctia phan tir ADN [1]-[8]. Qua trinh nghién ctru nay duoc su hd
trg cua kim quang hoc [1]-[19]. Cung véi thuc nghiém, nhiéu cong trinh ly thuyét da sir
dung phuong trinh Langevin dé khao sat qua trinh dong hoc cua vi cau duéi tic dong cia
kim quang hoc bang phuong phap phan tir hitu han [11, 18, 20, 21]. D¢ gii bai toan nay,
cac nghién ciru trude day da bo qua thanh phin quan tinh trong phwong trinh Langevin voi
gia thiét khoi lugng cla vi cau qua nho [21,22]. Hon thé nita, quan hé gitta luc dan hoi va
d6 cang dugc lam gan dung véi gia thiét chiéu dai 6n dinh cua phan tr ADN nhé hon
nhiéu so véi chiéu dai téng ciia no [2], [4], [13], do d6, khong thé phén anh ding ban chat
ctia phan tir ADN dang chudi con sau [23]. Pé mé ta chinh xac hon vé quan hé luc dan hoi
va dg cang, hé thirc ndy da dugc hi€u chinh v6i d6 cang 1a x-L, trong do, L, 13 chiéu dai
on dinh [2] thay cho x [23]. Hon thé nita, cac cong trinh trudc ddy déu khing dinh vi cau
gan v6i phan tt AND duoc gitr on dinh tai tdm cta kim quang hoc. Xét theo nguyén ly can
bang lyc thi nhén dinh nay chi xdy ra dbi voi vi cau ty do [21, 22], ma khong thé xay ra
ddi vai vi clu bi tac dong boi cac lyc canh tranh. Véi cac 1y do trén, diéu can thiét phai
khao sat qua trinh dong hoc ctia vi cau gan voi phan tir ADN trong kim quang hoc.

Noi dung cua bai bdo s tap trung dan phuong trinh Langevin chudn héa va khao sat
thot gian chuyen dong cua vi cau polystyrene gan vdi phan tir ADN chung lambda tur dlem
ban dau dén tim kim, sy thay ddi van toc trong qua trinh chuyén dong d6 va trang thai on
dinh tai tdm kim, anh huong ctia chum laser 1én cac dac trung dong hoc do.

2. PHUONG TRINH LANGEVIN CHUAN HOA TONG QUAT

Mau vi cau gin v6i phan tt ADN dit trong kim quang hoc don xung laser dugc thé
hién trén hinh 1. Gi4 thiét mot phan tir ADN dang chudi con siu dugc gin véi hai vi ciu &
hai dau. Vi ciu ¢ dau c¢b dinh dugc neo vao kinh dat mau goi 14 vi cau tinh, vi cdu & dau
thtr hai dugc tu do, goi 1a vi cau dong. Khi dat phan tod ADN c6 gén céc vi cu vao trong
vét chum laser, thi vi cau dong sé bi tac dong boi hai luc, luc dan hdi cua phéan tor ADN
kéo vé vi tri ban dau va lyc quang hoc s& kéo vao tam kim.

Theo nguyén 1y hoat dong cia kim quang hoc, ngoai hai lyc trén, vi cAu ddng con bi tac
dong bdi lyc Brown, khi né dugc nhing trong chét Iuu c6 chiét suat nho hon chiét suit cua
no. Gia st réng tai thoi diém ban dau vi tri cua vi cau dong céch vi hat tinh mot khoang
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Hinh 1. Méu kim quang hoc cho khdo sdt déng hoc vi cau.

bang chiéu dai c6 dinh ciia phan tir ADN, tuong tng voi toa do hudng tim P, - Dudi tac
déng cua quang luc gﬁy ra béi‘chﬁm laser c6 cuong do dinh I, va ban kinh thit chum W,
vi cau dong s€ chuyén dong vé phia tam kim, twong ung vai toa dd p=0. Trong thoi gian
chuyén dong tir vi tri p, dén tdm kim, vi tri tirc thoi cta vi cdu dong dugc xac dinh thong
qua toa do p, (hinh 1). Do tac dong cua céc luc, chuyén dong cua vi cau dong duge mé ta
theo phuong trinh Langevin tong quét sau [21]:

mp(t) ==yp(0) + F,, ,(p(0) = F, (p(0)) + 2k, Ty W,(2) (1
trong d6, m 1a khdi lugng vi cAu; ¥ = 6777a 1a hé sé ma sat nhét; 71a dd nhot cia chat
luu, a@la ban kinh vi cau, kyla hing s6 Boltzmann, 7T la nhiét do tuyét ddi, w, (¥) 1a
nhiéu tréng, pla toa d6 vi tri cua vi ciu dong, ba sb hang cudi bén phai phuong trinh
twong tmg 13 luc quang hoc, luc dan hdi va luc Brown.

Luc quang hoc tac dong 1én vi cau dong 1a luc gradient ngang duoc xac dinh nhu sau:

F ( )——2n a’l ELe)c —ZX&Z ()
gr.p pi fpl 0 m2+2 VVOQ p VVO

trong do, m=n, /n lati s6 chiét suit, n,, n, tuong ung la chiét suét vi cau va chit luu,
¢ 1a van téc 4nh sang, I 0> W, tuong ung la cuong do dinh va ban kinh thit chim cua chum

laser. Chum laser ¢6 phan bd Gauss nén cuong do tai cac toa do p, (hinh 1) duoc xac dinh

Ve temnl ax[2) 3)
woreren] 2]

Luc dan hoi ciia phan tir ADN khi bj kéo cang duoc xac dinh nhu sau [23]:

theo biéu thuc sau:

k,T| p.—p 1 1

Fel(pi): Z I : + P _Z (4)
b 4(1-(p,~py)/ L)
trong d6, L 1a chiéu dai téng cua phén tir ADN (khi bi kéo thing); Luc Brown gay ra boi
xung lyc cta cac phén tu chat luu xung quanh vi cau dugc xac dinh nhu sau:

Fy =2k, TyW (1) (5)
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trong do, W, (#) ham mo ta nhiéu trang véi cc dic trung sau [21]: gi4 tri trung binh theo
thoi gian (W, (1)) =0; (W) ())=1; Va W,(t,),W,(t,) khong phu thudc vao nhau vsi
moi cdp thoi gian £, #1, .

‘Dé giai duoc phuong trinh (1) mot cach chinh xac ma khong su dung phwong phap
phéan tir hitu han, phuong trinh nay can dugc chuan héa tham so nhu sau:

2 2
=£;r=a)0t;ﬁ=a)0Ld—§;d—f=a)2Ld 928 (6)
L dt dr dt ¢ dr
2
re 3 m-—1 1
v6io, =2.n,.a 1, [mz +2j.702.
Phuong trinh (1) sau khi chuan héa c6 dang sau:
d’¢§ dé 252 1
—2+h—=+ y,.exp(—2 +é+———=—+DW_, 7
dr*  dr Ho p( e ) : 41-¢7 4 "
trong do:
h=y —LBL ;ﬂO:—O-OLBL;DO:LB 2_7’ :L’ (8)
m,k,T k,T k,T A
Véi diéu kién chuan hoa
kaT:lora)O: T 9)
m,yLL, Lm,L,

Bong hoc cua vi cau gin voi phan tir ADN s& duge khao sat thong qua viéc giai
phuong trinh (7) bang phuong phap Ranger-Kutta trén phan mém MATLAB ap dung voi
cac tham so6 thuc nghi¢m.

3. PONG HQC CUA VI CAU POLYSTYRENE

Chung ta khao sat dong hoc ctia mot vi cau polystyrene dong vai tro vi cau dong c6 ban
kinh a = 0,05um , chiét suat n, =1,57 , average density of 1,35g/cm’[21]. Vi cau nay
cling v6i phan tir ADN duge nhing trong nuéce c¢6 do nhét 7 =0,001Ns / m va chiét suat
n,= 1,326 ¢ nhiét &6 T =300K [22]. Kim quang hoc dugc thiét ké boi mot chum laser
lién tuc bude song A =1,06um , cong suit trung binh P =0,255mW . Chum laser nay
duoc hoi tu béi mot thau kinh trd thanh chim Gauss c6 ban kinh thit chim (ban kinh vét
hoi tu) W, =2um va cong suat dinh tai tim vét I, =3x10°W / cm®.

Str dung cac tham s ndy, chung ta s& khao sat dong hoc cta vi cau polystyrene gan véi
phan tit ADN chung lambda c6 chiéu dai on dinh L, =89nm va chiéu dai tong
L=16,24um [14] dit tai vi tri ban ddu p, =—3,5um vé phia trai clia tim kim (hinh
1). V6i cac tham sb trén, dic trung thot gian - vi tri cua vi cau polystyrene dugc khao sat
nhu trong hinh 2. Ching ta nhén thay rang déc trung nay hoan toan phu hop voi két qua
khao sat cia Fu va cong su khi tac d(_")ng 1&€n vi cau mot lyc F=1,2 pN [3] (anh nho trén bén
trai hinh 1). Trong truong hgp nay, vi cau dugc kéo vao tdm kim sau thoi gian khoang 170
us. Khoang thoi gian nay goi 1a thoi gian bay. Nhu trong biéu thic (2) quang luc phu
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thuc vao cudng do dinh va ban kinh vét chum tia, do do, thoi gian biy sé thay d6i khi
thay d6i khi st dung cac chum tia khac nhau.
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Hinh 2. Pic trung thoi gian-vi tri ciia vi cau trong trieong hop
1y=3.10° W/em’, Wy=2.10"m.
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Hinh 3. Dac trung thoi gian-vi tri Hinh 4. Dac trung thoi gian-vi tri
cua vi cau trong cac truong hop ciia vi cau trong cdc truong hop
Iy=(3.10° -5.10°) W/em®, Wy=2.10"m. Iy=3.10° Wienm?®, Wo= (2-4).10°m.

Trén hinh 3 va 4 1 cac dudng dic trung thoi gian-vi tri cta vi cau khi sir dung céc
chum tia laser co cudng do dinh va ban kinh vét khac nhau. Khi giit nguyén thiu kinh hoi
tu va ting cong sudt sao cho cuong d¢ dinh ting tr [, =3x10°W /cm® lén
1,=5x10°W /cm® thi thoi gian bay giam tir 170 us xudng con 100 us (hinh 3). RS rang
rang thoi gian bay sé& rit ngan lai khi _cuong d6 dinh tang lén. Tuong tu, khi gitr nguyén
cong suét cua laser nhung thay d6i thau kinh hoi tu sao cho ban kinh vét thay 601 thi thoi
gian bay ciing thay doi theo (hinh 4). Chiing ta nhéan thay khi ting ban kinh vét chum tia
tang tir 2 um 1én 2,5um thi thoi gian by giam rat nhanh tir 170 pm xudng con khoang 60
pm. Tuy nhién, v6i ban kinh vét 16n hon 2,5 um thi thoi gian bay hau nhu khong thay dbi.
Diédu nay co thé giai thich rang, khi ban kinh nho hon 2,5 pum thi vét chum tia khong phu
duoc vi cau, tirc 1a né nam ngoai ving hiéu dung nén luc quang hoc tac dong 1én vi cau
yéu, nhung khi tang 1én dén 2,5 pm va lon hon thi vi cau nam trong ving hiéu dung, do

do, vi cau duogc kéo vao tim véi tdc d6 nhanh hon. Tir hinh 3 va hinh 4, chiing ta co nhan
xét dang duong dic trung ciing thay dbi khi thay ddi cuong do dinh hodc ban kinh vét
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chum tia. Piéu nay cho thiy véan toc tirc thoi ciia vi cau thay doi lién tuc trong qua trinh
chuyén dong vao tdm kim. Nhan dinh nay dugc khao sat nhu trén hinh 5 va 6.
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Hinh 5. Cic dwong ddc trung van toc tirc
thoi-vi tri cua vi cau trong cac truwong hop
I,=3.10° -5.10°) W/em?, Wy= 2.10"m.
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Hinh 6. Cdc dwong ddc trung van toc tirc

thoi-vi tri cua vi cau trong cac truong hop
Iy=3.10° W/em®, Wy= (2-4).10°m.

Ttr hinh 5 chung ta thay van tdc tirc thoi ctia vi cau ting tir khong tai vi tri ban dau dén
gia tri cyc dai r6i giam vé khong tai tdm kim. Giai doan ban dau, quang luc yéu hon lyc
dan hoi, do dé, vi cau hau nhu dung yén, nhung khi ¢6 tac dong cua quang luc vi cau
chuyen dong dan vao vung quang luc tang dan thi vén tbc clia no ciing ting 1én. Van toc s&
16n nhét khi vi cAu nam & ving 1an can diém udn cia gradient cuong d9, tai do quang luc
manh nhat. Sau khi vuot qua ving nay quang luc giam dan den tbc do cua vi cau cling
giam theo. Trong trudng hop ban kinh vét khong doi Wy= 2.10°m thi qua trinh thay dbi
tdc do ctia vi cau hau nhur khong thay doi, chi gia ti cia né tang theo cuong do dinh. Piéu
ndy hoan toan khéac khi cudng do dinh khong doi ma thay doi ban kinh vét (hinh 6). Khi
mo rong vét chim tia thi vang hiéu dung cua quang lyc ciing tang 1€n, do d6 ngay tai thoi
diém ban dau, vi cau thay d6i van tdc rat nhanh. Tuy nhién, do mé rong vét ma cuong do
dinh van gitt nguyén nén gradient cuong d6 bi giam theo dan dén quang luc ciing giam, do
d6 toc do cua vi cau giam.
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Hinh 7. Xac dinh diém “on dinh”. Hinh 8. Dao déng ciia vi cau quanh
diém “én dinh”
Trén hinh 5 va 6, chung ta thay hau nhu tbc do cia vi cau tai tim kim bang khong, tuy
nhién diéu nay khong dung hoan toan. Thir nhat, vi cau khéng bao gio chuyén dong vao
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tam kim ma dao dong chung quanh vi tri, tai d6 luc dan hoi va _quang lyc cén bang nhau
(hinh7). Vi tri nay duoc dinh nghia 1a vi tri “6n dinh” cia vi cau. Tuy nhién, khi hai lyc
nay can bﬁng nhau thi lyc Brown c¢6 tac dong chinh 1én vi cau, do do, vi cau s& dao dong
ngau nhién ching quanh vi tri nay. Do dao dong ngiu nhién, vi cau chuyén dong ra khoi
diém 6n dinh, khi d6 né lai chiu tac dong cua hai lyc dan hdi va quang luc. Tac dong cua
hai lyc nay lam cho vi cau dao dong manh hon véi xu thé quay trd lai vi tri 6n dinh. Do
d6, van tdc ctia vi hat tai vi tri 6n dinh khong bang khong tuyét 601 Chung ta c6 thé khang
dinh diéu .do khi khao sat qua trinh dong hoc cua vi cau tai diém 6n dinh nay (hinh 8). RS
rang, vi cdu dao dong ngiu nhién chung quanh vi tri “6n dinh” do tac dong cua luc Brown.

4. KET LUAN

Dua vao nguyén Iy hoat dong va cdu tao mau kim quang hoc don (mg dung nghién ciru
do cang cua phan tir ADN, phuong trinh Langevin tong quat mo ta dong hoc cua vi cau tac
dong boi dong thoi nhleu lyc da duge dan va chuan hoa tham sd. Ung dung cac tham sb
thuc nghiém, mot sé ddc trung dong hoc cua vi cau polystyrene gan voi phén tr ADN
chung lambda da duoc khao sat. Két qua cho thiy thot gian chuyén dong vao vi tri 6n
dinh, tbc do tirc thoi ctia vi cau phu thudc vao cong sudt laser (cudng do dinh) va thau kinh
hoi tu (vét chum tia). Hon nira, vi cau khong on dinh hoan toan khi vao tam kim ma tai vi
tri tai d6 luc dan hoi va quang luc can béng nhau va dao dong ngiu nhién xung quang vi
tri d6 do tac dong cua luc Brown. Cac ket qua nay la dong gop nho, dinh hudng cho thuce
nghiém trong viéc lya chon cac tham s laser pht hop voi cac tham s ciia vi cau khi
nghién ciru d6 cing cua phan tir ADN dang chudi con sau.

Loi cdm on: Bai bdo hqdn tﬁdnh Véi su tdi tro ciia Pé tai khoa hoc ccfp co so: Nghién ciu dac
trung dong luc hoc cua vi cau gan voi phan tir AND trong kim quang hoc.
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ABSTRACT

SOME DYNAMICAL PROPERTIES OF POLYSTYRENE MICROSPHERE LINKING
TO DNA MOLECULE UNDER SINGLE OPTICAL TWEEZERS

In this paper, the dynamical of polystyrene microsphere linking to A-phage DNA
molecules under single optical tweezers are analyzed by the full normalized
Langevin equation (FNDLE) with elastic and Brownian forces. The influence of
laser beam waist and laser power on the trapping time and momental velocity of
polystyrene microsphere is investigated. Finally, the stability of the microsphere at
stable point near tweezers center is observed and discussed.
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