BMS 524 - “Giéi thiéu kinh hién vi dong tu va phén tich anh”

Thé hé sau ciia kinh hién vi dong tu
ky thuat ghi anh ba chiéu hién dai



Theo yéu cau ciia khich hing, trong mt nim
qua, ching t6i d38 djch qua 16 mén hoc, 34
cubn sich, 43 bai béo, 5 sd tay (chua tinh cic
tdi li¢u tir nim 2010 try vé trudc) Xem & dly

D|CH VU Chi sau mot lan lién lac, viéc
DICH dich duoc tién hanh

TIENG

ANH .
CHUYRN Gia ca: co thé giam dén 10
NGANH nhm/ 1 tran

NHAT yA Chat lvong:Tao dung niem tin cho

khach hang ban cong nghé 1.Ban
tha3 duoc toan bo ban dich; 2.Ban

danh gia chat luong. 3.Ban quyét
dinh thanh toan.

Tai liéu nay dwoc dich sang tiéng viét béi:

VAR LIS AR TR T[]




phap 3D dua trén hién twong quang
phi tuyén

Cac hién twong quang phi tuyén khéng giong
voi kinh nghiém hang ngay cua chuang ta!

« Trong quang hoc “c6 dién” tinh chat quang hoc cua vat liéu khéng
phu thudc cuong do chiéu sang.
e Néu cuong do chiéu sang du manh, tinh chat qguang hoc phu thudc
vao dac tinh caa anh sang!
— Mot s0 ki thuat kinh hién vi 3D dua vao cac hién tuong quang phi tuyén
— Kinh hién vi 2-p va da photon
— Kinh hién vi s6ng hai bac cao (SGH, TTH)
— Kinh hién vi tdn xa Raman phan Stokes két hop (CARS)
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_ Phén cuc tuyén tinh

Kéo cdng cang la luc
~Robert Hooke +

d X, X Vi tri cua electron thay
E(t)

\ AN J
Y Y

S6 hang diéu hoa S6 hang phi diéu hoa

P — d6 phéan cuc vi md. Pic trung cho dap
ung cua su phan bo mat do electron voi
truong tinh dién.

P— %go YE,exp(—iwt) +c.c., where

Ne’ 1

g,m Q° -2l w— o’




-uﬁn g0c cua sy phi tuyén quang hoc

2
m|:d_2X+ 2F%+QZX—(§(2)X2 +E0x3 +..) | = —eE(t)
dt dt

« Khi ké dén cac so hang phi diéu hoa, khdng con nghiém
chinh xac ctia phuwong trinh chuyén dong.

e Chlng ta c6 thé tinh gan dung nghiém bang cach biéu dién X
dudi dang chudi liy thira cia E. Tuong tu chiing ta co thé
khai trén P:

P=go(yPE+yPE?+ yPE® + yWE"..)



-u vé cac hién twong quang phi tuyén

» Qua trinh bac nhat (tuyén tinh): hap thu va
phan xa

* Qua trinh bac hai: SHG, hi¢u irng Pockels

* QQua trinh bac ba: hép thu 2 photon, hi€u ung
Kerr, CARS

* Bac 2m-1: hap thu m photon



- thich da photon (hai photon) la gi?

« L& mot qua trinh phi tuyén, xay ra véi ty 18 cuong do
guang hoc cao.

« Sy hap thu hai photon con xay ra khi ning luong ctia mot
photon nho hon ning luong ctia ving cam nhung C4C ion
van cO thé chuyén 1én mtc kich thich do héap thu hai
photon dong thoi.



Lich sir ciia kinh hién vi 2 photon

VoLuMmE 7, NUMBER 6 PHYSICAL REVIEW LETTERS SEPTEMBER 15, 1961 Two-Photon Laser Sca_n_“j_ng F]uﬂrcscmct Mimpy

TWO-PHOTON EXCITATION IN CaF,:Eu?*

W. Kaiger and C. G. B. Garrett
Bell Telephone Laboratories, Murray Hill, New Jersey

WINFRIED DENK,* JamEes H. StrickLEr, Wart W, WEeR

(Received August 28, 1961) Molecular excitation by the simultancous absorption of two photons provides intrinsic
With the development of optical masers,=? it responding to the diameter of the incident light three-dimensional resolution in laser scanning fluorescence microscopy. The excitation
is now possible to study two-photon processes beam. When pure CaF, was illuminated by the of fuorophores hmrmg single-photon absorption in the ultraviolet with a stream of
which necessitate intense sources of monochro- optical maser in the same way, no light with focused
¥ atrmgl}- su CON pu.lpcsnfmdlas:rhghthasmd: ssible fluorescence
matic radiation. We have investigated the genera= X < ), was observed on the photographic plate. bpl.ouw d po

images of living cells and other microscopic objects. The fluorescence emission
increased quadratically with the excitation intensity so that fluorescence and photo-
bleaching were confined to the vicinity of the focal plane as expecred for cooperative
two-photon excitation. This technique also provides unprecedented capabilities for
three-dimensional, spatially resolved photochemistry, particalarly photolytic release of
caged effector molecules.

+ Ky thuat quang pho hai photon, duoc  yx7eemem o S o)
phat trién vao nam ‘60 do W. Kaiser s have
va C.G.B. Garret dwa trén cac khai
niém co hoc lwong t& phod bien duwoc
trinh dién lan dau bdi M. Goppert- d3 khing dinh rang hién tuong ha
Mayer vao nam 1931 (Goppert-Mayer photon c6 thé duoc sit dung trong
M: Uber Elementarakte mit zwei kinh hién vi quét
Quantensprungen. Ann  Phys 1931, . 1990: W. Denk, J. Stricker va W.W.

9:273-295.) Webb di trinh didn kinh hién vi
huynh quang quet laser hai photon
Ky thuat nay dugc cip bang sang ché

Denk W, Strickler JH, Webb WW. Two-photon laser scanning fluorescence vao nam 1991 cho nhém Cornell

microscopy. Science. 1990 Apr 6;248(4951):73-6. 10

tion of blue fluorescent light around rp=4250 A This observation is expected from the high sym-

cence (1) to laser scanning mi-  the limitations of UV lasers have also inhib
L5M) (2). In LSM, the laser is  itedd this approach.

« 1978: CJ.R. Sheppard va T. Wilson



Radiance 2100MP tai PUCL
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Kich thich 2 photon

- Kich thich hai photon xuat
hién qua su hap phu hai
photon nang luong thap qua
cac trang thai trung gian co
thoi gian sOng ngan.

« Sau mdi qué trinh kich thich,
su huynh quang phuc h01 dén
mirc ning luong thap nhat cia
cac trang thai dién tr duoc
kich thich dau tién qua cac qua
trinh dao dong.

- Cac qua trinh phat huynh
quang tiép theo cho ca hai
mode phuc hoi s& giong nhau..

Kich thich mot photon Kich thich hai photon
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360 nm

Tt 2 photon dén da photon...

’

1080nm 460 nm

1080nm
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s khac nhau gitra kich thich mgt va hai photon

Cuvette dwoc db dung dich thudc nhudém vao, safranin O,
doi héi kich thich bang anh sang mau xanh. Laser He-Ne
phat anh sang xanh lién tuc (543 nm) dwoc hoi tu vao
trong cuvette bédi thau kinh.Ching cho ta thay mét hinh

nén lién tuc, sang nhat & gan tiéu cy va tat dan vé phia

bén trai. Thau kinh & gbc trai hdi tu chum tia khéng nhin
thdy & vung héng ngoai (1046 nm) tlr moét laser yttrium
lanthanum fluoride pha tap Nd vao cuvette. Do do qua

trinh hdp thu hai photon xay ra va qua trinh nay dwoc
giam ham trong moét vét sang nhod & gilra cla cuvette.

EJd L3

’\

Slide credit: Brad Amos, MRC Laboratory of Molecular Biology, Cambridge, United Kingdom
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One and Two-photon absorption cross sections
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Resolution of 2-photon microscopy Resolution of {-phston awnel e
2-phaton Mmicroscopy
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klp ( | 1) = k2 0 ( | 2) The same fluorescence signal from the sample
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« Vo1 mot laser co cong
suat trung binh va tan sb
twong tu, Xac suat kich
thich tang khi tang NA
ctia mot thau Kinh hoi tu
va giam voi do rong cua
xung laser.

 Su tang NA phu thudc
cong suat kich thich
duoc giam cam trong
khong gian trong mot thé
tich tiéu cy nho hon.

Probability of 2-photon excitation

2
o OaPay [ NA?
N F A

w here:

n, - probabilit y

7, -pulse duration

f, - repetition rate

d, - 2p Cross-section

P,, - average pow er of the beam
A - wavelength
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D0 phan giai cua cac hé 2 photon

Str dung NA cao voi phap gan dung gan truc dé ude tinh su chiéu sang, cuong do cia
hé 2 photon, d6 rong toan phan ctia canh va truc tai ntra cuc dai cua vét Kich thich hai
photon co thé tinh toan:

)
0.32-4
NA <O0.7
J2 -NA L 0.5321 1
o=+ P V2 [ n=Vn?—NA?
0.325-1
\/5 NACH NA > 0.7
Su kich thich hai photon 1a sy kich thich cuc b, sy thuan loi san c6 5
la do su cai thién d6 phan giai ctia phuong phap nay. Trong truong V 3/ r Z

hop hip thu 2 photon, cuong d6 huynh quang can bang duoc quan = 2hv
sat trong tat ca cac mat phang va khong cé su khac biét rd. In the
two-photon case, cuong do tich hop giam khi ra Xa mat phang tiéu.

1) C. J. R. Sheppard and H. J. Matthews, “Imaging in a high-aperture optical systems,” J. Opt. Soc. Am. A 4, 1354- (1987)
2) W.R. Zipfel, R.M. Williams, and W.W. Webb “Nonlinear magic: multiphoton microscopy in the biosciences,” Nat. Biotech. 21(11), 1369-1377 (2003)
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Even scattered fluorescence photons are usefull in 2-photon regime

Confocal Multiphoton
Microscope Microscope

DETECTOR

pinhole N

dichroic
mirror

scattering
tissue

Figure 5. Comparison of a confocal and multiphoton microscope.



P§ phan giai thuc té

Hiéu qua cia su ting cOng suat téi VAo tin
hiéu phat ra. Cac mau than khi duoc nhudém
acid fucsin duoc chup anh & @6 sau 60 um
bén trong mau bang ki thuat kinh hién vi
dong tu (4nh sang 532 nm cbng suit
550 uW) va kinh hién vi da photon (anh
~ Confocal sang 1047 nm 12 mW). Cac cuong do laser
- _ == Multiphoton duoc diéu chinh dé tao ra cing mot luong

' photon trung binh trén mot pixel. Anh dong
tu cho thiy su mo rong cudng do pixel hep
hon dang ké so voi anh da photon hién thi ti
sO tin hiéu trén phdng nho hon. Do d6 ki
thuat ghi anh da photon cung cap d¢ tuong
phan anh cao tham chi ¢ tai cac do sau dang
ké trong mau tan xa &nh sang. Cac anh dugc
thu vai @6 phan giai pixel 0.27 um véi bd
loc thu Kalman 3. Scale bar, 20 um.

:

Number of Pixels

1 1
Pixel Intensity

Centonze VE, White JG. Multiphoton excitation provides optical sections from
deeper within scattering specimens than confocal imaging. Biophys J. 1998
Oct;75(4):2015-24.
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D0 xuyén sau

So sanh do xuyén sau anh gita kinh hién vi dong
tu va kinh hién vi da photon. Tiét dién quang hoc
qua tiéu cau tir mot mau bénh hoc than khi dugc
nhuom qua kinh hién vi dong tu véi anh sang 532
nm, cong suat 2 pW (bén trai, cér 1 va 2) va kinh
hién vi da photon véi anh sang 1047 nm, cong suat
4.3 mW (dugc scan lai; bén phdi, cot 3 va 4) duoc
so sanh. Tai bé mit, chat luong anh va cuong do
tin hiéu twong tu nhau; tuy nhién, khi cang di sau
vao mau, cuong do tin hiéu va chat lugng anh
dong tu giam nhanh hon so véi anh da photon. Cac
anh duoc thu vai @6 phan giai pixel 0.27 pm véi
b0 loc thu Kalman 3. Scale bar, 20 pm.

Centonze VE, White JG. Multiphoton excitation provides optical sections from
deeper within scattering specimens than confocal imaging. Biophys J. 1998
Oct;75(4):2015-24.
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-Cht’mg ta can mot xung laser cho MPE

« COng suat trung binh cua laser
100 mW duoc hor tu tai mau vat
trén mot vét gidi han nhiéu xa co 100 fs
duong kinh 0.5 pm . Dién tich N
cuavétla2 1072 cm? Drawing not in scale!

« COng suat laser tai vét 12 0.1 W _ ” ' ﬂ
1/(2 10-° cm?)
=5 10°Wcm™

« A “femtosecond” laser is on for
~100 femtoseconds every 10
nanoseconds. Ti s0 do rong xung
va do rong khe la (The pulse
duration to gap duration ratio)
10—

- COng suat tirc thoi khi laser can
bangla5 10 W cm™

o

Power

Time

Slide credit: William Guilford <guilford@virginia.edu>
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Vat liéu Laser Cong ti; Md dun Bwéc D6 réong xung  Tan sb Cong suat
song
Ti:Sapphire Coherent; Mira 700-980 <200 fs 76 MHz 0.7 W,1.3
W
Spectra Physics; 700-1000 <100 fs (or 2ps 80 MHz 0.8W, 1.4
Tsunami as option) W
Coherent; Chameleon  705-980 <140 fs 90 MHz 1.7 W
- XR
Spectra Physics; Mai 710-990 120 fs 80 MHz 1.5W
Tai
Time Bandwidth; 780-860 <100 fs 75 MHz 500 mW
Pallas
Time Bandwidth; Tiger 780-860 <100 fs 100 MHz 400 mW
Femtosource 750-850 <12 fs 75 MHz 400 mW
600 mW
Nd:YLF MicroLase/Coherent 1047 200 fs 120 MHz 500 mW
Scotland; BioLite
Nd:Glass Time Bandwidth; 1058 <250 fs 100 MHz >400 mW
GLX200
Ytterbium Amplitude Systems 1030 <200 fs 50 MHz 1W
Cr:LiSAF Highglasers 850 100 fs 50 MHz >1mW
OPO Coherent and Spectra  350-1200 100 fs ~200 mW

Physics
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- Wu didm cua kinh hién vi 2-p

« M0 bén trén va dudi mat phang tiéu hiém khi chiu tc dung cta anh
sang hong ngoai va kich thich da photon bi gidi han & mét thé tich
héi tu nho (bdi vi huynh quang tir hiéu ung hai photon phu thudc
vao binh phuong cudng do anh sang téi, ma cuong dé anh sang toi
lai giam theo binh phuong khoang cach tir tiéu cu.

« Kinh hién vi 2 photon c6 thé ghi anh c&¢ mau mo duc véi do phan
giai dudi micro met dén do sau vai tram micro meét.

« Kinh hién vi 2 photon tach anh sang kich thich va anh sang phat xa
mot cach hiéu qua

« Tat ca cac photon dugc phat ra tir kich thich da photon c6 thé dugc
str dung de ghi anh (vé nguyén tac) do do khong can dung cac khe
khoa dong tu.

28



- Su phat song hai bac hai

« Truong laser cudong d6 cao cam tng dé phan cuc phi tuyén trong phan tir hoic
tap hop cac phan tir, dan dén su tao ra song két hop vdi tan so dung bang hai
lan tan so to.

« Bién do cua song hai bac hai c6 thé dugc ting cuong cong huong khi ning
lurong cuaa tin hi€u hai bac hai bao phu vung hap thu dién tir

«  Pé c6 song hai bac hai thi doi hoi phai c6 méi trudng khdng dbi xtimg tam. Tai
sao?

P=g,(yVE, + yPE + y®E’+--)

E,=-F, P, :50()((1)E2+Z(2)E22+Z(3)E23+"')
(7, + 7P 4O 4

=P = x¥=0

In an isotropic medium, reversal of the electric field will produce the same
electric polarisation but in the opposite direction. 29



The furst demonstration of a new optical
recording technique developed by Cornell
biophysicists -- a second-harmonic
generation microscopy image of a sea slug
(Aplyvsia) neuron stained with the
membrane dve DHPESBP -- from the
cover of the Jan. 28, 2004, The Jownal of
Newroscience. Copyright 2004 The Jowmnal
of Neuroscience. 2. Dombeck/Cornell

Fig. 6. THG images of three dendritic spines on a single dendrite.

Third harmonic generation image,
No dye staining was applied



Anh 2 photon caa mé gan ciia chudt trudong
thanh. Céac té bao gan duogc nhin qua su tu
huynh quang xanh (greyscale) tt NAD(P)H
va cac vitamin cd thé hoa tan lipid, chang han
nhu retinol. Mang collagen (xanh) duoc nhin
qua SHG.

image from Watt Webb lab at Cornell University

SHG va 2 photon két hop

Anh da photon cua tuyén vi chuét. Su tu
phat huynh quang xanh (mau gan xanh)
phac hoa céu tric té bao va cac giot lipid.
Collagen c6 thé dugc thay qua SHG.

image from Watt Webb lab at Cornell University. It was
acquired in collaboration with Alexander Nikitin, Dept. of
Biomedical Sciences, Cornell.
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Kinh hién vi hai bac cao

(A)-(G) Chudi anh mat cat cta 4u trung ca ngwa 5 ngay sau
khi thu tinh trong éng nghiém. (H) Anh phong dai bén trong
dét cho thay phan bd ctia cac soi co. (1) Tiét dién quang hoc
tai tam cla 4u trung cho thay cac doan bén trong day séng
khong bao va phan bb cta dbt doc theo canh bén cla day
sbng. Kich thuwot anh: (A)-(G) va (I): 235 x 235-pm?; (H):

3 ; 40 x 40-pm?2.
Chudi thei gian cho thay qua trinh phan bao c6 to bén trong phdi ca ngwa
dwoc nhin qua SHG, va THG. Chiéu siu anh la 400-pm tinh tir bé mat lop
dém. THG (tim) ghi &nh tAt ca cac bé méat phan cach ké ca cac l&p hop bao Tt “Kinh hién vi hai bac cao cho sinh hoc phat trién” theo Chi-Kuang Sun
noan hoang bén ngoai, mang té bao, va cac mang nhan trong khi do6 SHG va cac cong sw., Tap chi sinh hoc c4u tric , 147(1), 2004, Trang 19-30

(xanh & cay) ghi anh cac mang hai chép théng dwoc hinh thanh vi éng.
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