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CUA HAT NANO VANG BOC BANG PROTEIN
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3Vién vat ly — Vién Han 1am khoa hoc va Cong nghé Viét Nam

Tom tit: Trong bai bdo nay, chiing t6i mé ta sy phu thudc tinh chit quang cta hat nano vang boc béng
bang protein bovine serum albumin (BSA) theo nhiét &9, stt dung ly thuyét chuyén pha soliton. Hat nano
vang ¢6 ban kinh r khi boc béng 16p protein c6 bé day la d 1am cho ban kinh hiéu dung R cta hat nano
vang tang 1én. Khi chua tinh dén su thay d6i nhiét d6 cia moi truong thi ban kinh hat ting 1én khong
déng ké. Budc séng hap thu phu thudc tuyén tinh vao ban kinh hat. Khi nhiét d6 méi truong bao quanh hé
phtic hat thay ddi thi ban kinh hiéu dung ctia hat R phu thudc vao nhiét d9, do bé day cta lop protein thay
ddi theo nhiét d¢. Tai nhiét d6 bién tinh Tc cta protein, ban kinh hiéu dung cta hat ting nhanh do protein
BSA bat ngo dudi ra, din dén su dich phé do cua hé phiec hat cau. Theo m6 hinh nay ching t6i da bude
dau xac dinh duoc dang ham phu thudc cua bude séng hap thu cua hat nano vang boc bé“mg protein BSA
vao nhiét dd la ham tan va khi so sanh véi thwe nghiém thdy cé sy phi hop kha t6t.

Tt khoa: Tinh chat quang; hat nano vang; BSA, chuyén pha; ban kinh hiéu dung

1  Datvan dé

Viéc tdng cuong tuong tac bé mat va hiéu ting bién tinh nhiét ctia cac dai phan t sinh
hoc bi hdp thu la trung tdm cua nhiéu tng dung mdi & cdp do nano, dac biét la cac hat nano
(NPs) tte tinh. Qua trinh phat trién lién tuc theo xu hudng nay sé lam ting kha nang ting dung
cua cac hé thong sinh hoc duoc gén két vdi hat nano. Dwa trén sy gz”in két nay, n6 doi hoi su am
hiéu chi tiét vé cac thuce thé sinh hoc, va & mc d) co ban nhét, protein c6 thé twong tac nhu thé
nao voi cac hat ¢ kich thudc nano tir tinh. Mot khia canh quan trong ctaa van dé nay la sy xuét
hién cua tiép giap, va n6 da duoc nghién ctru chi tiét ¢ cac cong trinh [1-3]. Tuy nhién, mét van
dé chua dwoc nghién ctru triét d€, nhung c6 16 quan trong khong kém, la sy bién tinh cta
protein theo nhiét dd & bé mat cua hé phuc hat cau. Hiéu dugc anh hudng nay la quan trong dé
hiéu duoc cac hé thong sinh hoc thue va cling ¢6 thé giai thich dwoc su co dudi cta cac dai phéan
tt sinh hoc. Bén canh su phu hop cao cua cac hé thong nay dé€ phat trién su am hiéu vé cac van
dé tong quat clia protein tai ti€p gidp, né c6 mot dong luc rdt 16n nham ting dung dé lam cac
cam bién sinh hoc méi rdt nhay. Sw hdp thu va thay doi cau tric kha thi sau dé ctia mot protein
trén bé mit vat ran 1a van dé rat co ban va quan trong cho toan bd linh vyce cua vat liéu sinh hoc
[4-7]. Sy tuong tac ctia dai phan t y sinh voi cac bé mat la nén tang khoa hoc cho nhiéu loai
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cam bién sinh hoc, ddc biét 1a nhiing cam bién sinh hoc sit dung hat nano. Trong bai béo nay,
chting t6i ¢ xuat mot md hinh ly thuyét d& mo ta hién tuong dudi ra cua protein khi c6 sy thay
déi cta nhiét 9, st dung ly thuyét chuyén pha soliton. Su bién tinh nay da dan dén su dich
phd d6 ctia hé hat phtec cau. Ching t6i gia dinh rang moi treong nude 1ong sinh hoc (pH = 7,3,
nong do mudi n = 0,9%) 1la mot chan khong sinh hoc véi loai plasmon sinh hoc nao d6 va su
dudi ra ctia protein chi bi anh hudng boi nhiét do.

2 No¢idung

2.1 Protein — Abumin BSA

Protein 1a nhitng dai phan tr dwoc cdu tao theo nguyén tiac da phan ma cac don phan
1a axit amin. Chting két hop véi nhau thanh mot mach dai nho céc lién két peptit (goi 1a chudi
polypeptit). Cac chudi nay c6 thé xoan cudn hosc gép theo nhiéu cach d€ tao thanh cac bac cau
trac khong gian khac nhau ctia protein.

Protein duwoc cau tao tir 20 loai axit amin co ban, cdu tric cua axit amin gom ba thanh
phan: moét la nhom amin (-NHz), hai la nhém cacboxyl (-COOH) va cudi cung la nguyén tw
cacbon trung tam dinh véi 1 nguyén ti hydro va nhém bién d6i R quyét dinh tinh chét cta axit

amin. Cac chudi nay co thé x0dn cudn hodc gdp theo nhiéu cach d€ tao thanh cac bac cau trtc
trong khong gian khac nhau (Hinh 1).
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2.2 Tinh chit quang cta hat nano keo vang boc bang protein BSA khi chua c6 sy thay doi
cua nhiét do

Chuing t6i nghién cttu hat nano vang dang keo (hat keo vang) duoc tao ra bang phuong
phép Turkevitch (vang xitrat) [8], cac hat keo vang nay cé san cac nhém chikc nang ~COO va —
OH trén bé mit nén sdn sang cho cac lién két véi phan ti sinh hoc. St dung hat keo vang nay
déboc béng protein BSA .

Trude hét chiing tdi nghién ctu tinh chat quang cta hat keo vang boc béng protein BSA
khi chua c6 sy thay doi nhiét do (nhiét do bé“mg nhiét d6 méi truong T = hf“ang s0). Khi d6 ban
kinh ctia hat keo vang boc bang protein bang ban kinh ctia hat keo vang khi chua boc bang
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protein BSA cfng véi bé day cua protein BSA bao phu, duoc goi la ban kinh hiéu dung ctia hat
nano vang (ki hiéu la R). Néu chwa xét dén su thay d6i ctia nhiét do thi R = héng s0.
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Hinh 2. Qua trinh boc hat keo vang béng protein BSA

Theo ly thuyét Drude, hang s dién mdi ctia hat phu thudc vao kich thude hat e(w,R). Hat
cang nho thi cac dién t&r cham téi bé mat ctia hat cang nhanh. Dién ttr ¢6 thé tan xa trén bé mat
va mdt tinh dong pha nhanh hon la d6i véi hat c6 kich thudc 16n hon. Do d6, d6 rong phd
plasmon ting khi ban kinh hat giam. Drude da dua ra cong thitc dién ta s¢ phu thudc ctia hing
50 dién moi ep vao kich thudc hat:

gy =1- 5—"—— (1)
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la tan s6 plasmon khéi phu thudc vao mat d6 dién tir tu do, dién tich cua dién tk, khéi luong
hiéu dung ctuia dién ti¢ mer va héng s6 dién méi trong chan khong ¢o.

y la ham cta ban kinh hat R nhw sau:
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R
trong do, y, 1a hf?mg s tit ctia vat liéu khdi, A 12 mot tham s6 phu thudc vao chi tiét cac qua
trinh tan xa (t&c la tan xa déng hwdng hodc tan xa khuéch téan) va vrla van toc cta dién t co
ndng luong bang mtrc Fermi.
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la ph8 hap thu plasmon bé mit ctia hat nano vang dang keo boc bang protein ban kinh R, né
duoc thé hién bang duong nét lién trén Hinh 3.
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la pho tan xa plasmon bé mat cua hat nano vang dang keo boc béng protein ban kinh R, dugc
thé hién bang duong nét dtt trén Hinh 3.

A(nm)

R(nm)
Hinh 3. Dang ph6 hap thu (duwong nét lién) va phat xa (dwong nét dat) cia hat nano vang dang keo
Khi d6 budc song A cling phu thudc vao ban kinh hiéu dung R, ban kinh hat tang thi c6
su dich phd do, su phu thudc nay thé hién trén Hinh 4.
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Hinh 4. Sy phu thudc ctia budce séng cong hwong A vao ban kinh hiéu dung R
Khao sat hat nano keo vang cé ban kinh r = 16 nm cho hap phu protein BSA véi lugng
khac nhau tir 50 pg/ml t6i 300 pg/ml. Véi nong do protein BSA tang 1én thi bé day cuia protein

hdp phu ting 1én, dan dén ban kinh hiéu dung ctia hat nano boc béng protein ciing ting 1én,
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nhung su tang nay la rdt nho nén sy tdc ddong dén phd hép thu cua hat 1a khong nhiéu. Tw ly
thuyét Drude va ly thuyét Mie ta thay tinh chat quang cua hat nano phu thuc vao ban kinh hat
nén ta c6 su khéac biét gitta phd hap thu ctia hat nano vang tron va hat nano vang boc bang
protein BSA thé hién qua Hinh 5.
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Hinh 5. Phd hap thu ctia hat nano keo vang tron va phd hap thu ctia hat nano keo vang khi duoc boc bang
protein [9]

Tt hinh vé ta thay dinh phd hdp thu ctia hat nano vang dang keo khi dwoc boc bang
protein dich vé phia budc séng dai khoang 7 nm so véi dinh phd hdp thu cta hat nano keo vang
khi chwa cé protein hap thu.

M5 hinh nay hiéu chinh sy phu thudc vao thuong s6 1/R ctua d6 rdong phé plasmon nhw
ham ctia kich thudce cho cac hat nano duoc dién ta bang gan ding ludng cuc trong ving kich
thude ndi tai “intrinsic” (R < 20 nm). Théng s6 A dwoc st dung nhu mot thong s6 “lam khép
cdc gia tri thue nghiém”. Uu diém 16n nhét cta ly thuyét nay la da dwa ra mot mo hinh mo ta sy
phu thudc ctia hfing 50 dién moi vao kich thudce cua hat.

2.3 Tinh chat quang caia hat nano keo vang boc bang protein BSA khi c6 su thay déi ctia
nhiét do

Thuc nghiém da quan sat duoc rang: Sau khi cho protein BSA hdp phu trén hat nano
vang va thay doi nhiét dd ctia moi trueong tir 25 °C dén 90 °C thi khi dén nhiét d¢ khoang 65 °C,
budc séng cong huong cta hat nano vang boc bang protein BSA ting nhanh d6t bién [10]. C6
thé giai thich dinh tinh dwgc la protein BSA c6 day du tinh chdt ctia protein thong thuong nén
protein BSA ciing bi bién tinh phu thudc vao nhiét do. Khi nhiét d¢ thay doi, thi cac nép gap
trong phan ti protein sé bi chuyén dong nhanh lam cho né chuyén tir cdu trtc bac 4 bat ngo
chuyén vé cau truc bac 1, dan dén su chuyén tir trang thai co sang trang thai dudi tai nhiét do
bién tinh ctia chudi protein. Khi d6, ban kinh trung binh ctia protein ting 1én lam cho ban kinh
hiéu dung cua hat phttc nano vang cling tang nhanh dot bién. Két qua la sw dubdi ra ctia cac
phan t&t protein lam cho ban kinh hiéu dung ctia hat bi thay d6i va budc soéng cong huong cua
hat ciing bi thay d6i. Ma budc séng cong hudng cta hat nano vang boc bang protein BSA phu
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thudc tuyén tinh véi ban kinh hat. Nhu vay, ban kinh hiéu dung ctia hat nano vang boc béng
protein BSA phu thugc vao nhiét d6 dan dén bude song cong hudng ciing phu thudc vao nhiét
do.

Gia st ban kinh hiéu dung R la ham cta nhiét d6 R(T). Ttr sy phu thudc tuyén tinh cua R
va A 6 Hinh 4 thi sy phu thudc ctia ban kinh hiéu dung R vao nhiét ¢ T cing twong duwong véi
st phu thudc ctia bude song A vao nhiét dd T hay ki hiéu ham phu thudc vao nhiét d6 cta budc
song la A(T).

Nhiét d6 ma tai d6 budc song tang nhanh dot bién chinh 1a nhiét do bién tinh cta protein
BSA hay goi la nhiét d6 t6i han va duwoc ki hiéu la Tc. D€ mo ta tinh chat quang cua hat nano
boc béng protein phu thudc vao nhiét d6, chting toi stt dung 1y thuyét chuyén pha ctia Soliton.
Theo d6 phuong trinh chuyén pha trong ly thuyét chuyén pha cua Soliton cho nghiém c6 dang
ham arctan c6 si trung khép voi dang ham phu thudc ctia budc séng cong hredng ctia hat nano
vang boc bang protein BSA vao nhiét do ma chting t6i nghién ctu:

A(T) = a.arctan[(T - Tc).c] + b, ”

0 day, a, b, ¢ 1a cac thong sd. Str dung phan mém Mathematica tinh s6 ta ¢6 Hinh 6.a.

Hinh 6.a da mo ta sw dich phd do rat nhanh khi c6 su thay déi nhiét d6. Khi nhiét do nho
hon 50,5 °C, budc séng cong huong bat dau ting cham do protein tir tir dudi ra; tir 50,5 °C dén
60,2 °C thi budc song tang nhanh hon tir 39,8 nm dén 540,1 nm. Khi nhiét d6 tang ttt 60,2 °C dén
60,8 °C quanh nhiét do chuyén pha protein BSA 1a 60,5 °C thi protein BSA bat ngd dudi ra rat
nhanh dan dén c6 sy dich phd doé dot ngodt, budc séng ting nhanh tir 540,1 nm dén 542 nm va
sau do thi tang it. So sanh véi d6 thi trong thuc nghiém hinh dwdi day thi duwong cong mo ta sy
phu thudc ctia bude séng cong hrrdng ctia hat keo vang boc bang protein BSA khi xét téi sy thay
do6i nhiét d¢ 1a kha phu hop gitra ly thuyét va thye nhiém hinh 6.b.
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Hinh 6.a Sy phu thudc ctia budc séng cong huong Hinh 6.b D06 thi thuc nghiém sy phu thudc
vao nhiét d¢ ctia hat nano vang ban kinh 50 nm ctia budc séng cdng hreong vao nhiét do
boc bang protein cta hat nano vang ban kinh ttr 5 nm dén 60

nm boc bang protein.[10]
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3  Kétluan

Trong bai bao nay, ching t6i dé xuat mé hinh vat ly cho tinh chat quang cua hat nano
vang boc bang protein phu thudc vao nhiét do theo ly thuyét chuyén pha ctia Soliton, chting t6i
moi dieng lai 6 viéc mo ta suw dudi ra rat nhanh ctia hat nano vang boc béng protein khi cé su
thay ddi ctia nhiét d6. Hat nano vang c6 ban kinh r khi boc bang 16p protein c6 bé day la d lam
cho ban kinh hiéu dung R cua hat nano vang tang 1én. Khi chua ké dén sy thay d6i nhiét do cua
moi treong thi ban kinh hat tang 1én khong dang ké. Budc song hap thu phu thudc tuyén tinh
vao ban kinh hat theo mot duong théng. Khi k& dén su thay d6i ctia nhiét do thi ban kinh hat
phu thudc vao nhiét d6 do sy bién tinh ctia chudi protein phu thudc vao nhiét d9, khi dén nhiét
d6 bién tinh cua protein ban kinh hiéu dung cta hat tang rat nhanh do protein BSA bat ngo
dubi ra lam bé day caa chudi ting. Két qua 1a sw dich ph d6 ctia hé hat phtic cau do budc séng
cong hudng cua hat thay d6i. Bai bao méi dung lai 6 viéc xay dung mo hinh don gian nhat mo
ta su phu thudc cua tinh chat quang cua hat nano vang boc béng protein BSA vao nhiét . D€
phat trién hudng nghién cttu nay, ching t6i du kién xay dung mo hinh chinh xac hon theo co
s hinh thite ludn Ginzburg — Landau d€ c¢6 10i giai chinh xac hon.
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INFLUENCE OF TEMPERATURE ON OPTICAL PROPERTIES
OF GOLD NANOPARTICLES WRAPPED IN PROTEIN

Luong Thi Theu", Nguyen Minh Hoa?, Phung Thi Huyen?,
Tran Quang Huy?, Nguyen Ai Viet?

'Hanoi Pedagogical University 2

2HU - University of Medicine and Pharmacy

SInstitute of Physics — Vietham Academy of Science and Technology

Abstract: In this paper, we describe the dependence of the optical properties of proteins-bovine-serum-
albumin (BSA)-coated gold nanoparticles with temperature using the soliton phase transition theory. Gold
nanoparticles with a radius r coated by a protein with a layer thickness 4 make the effective radius R of the
gold nanoparticles increase. When the temperature does not change, the particle radius increases slightly,
and the absorption wavelength linearly depends on the particle radius. When the environment
temperature around of sphere-complex system changes, the effective radius of the particle R depends on
the temperature because the thickness of the protein layer varies. At the temperature of protein
denaturation, the effective radius of the particle rapidly increases due to sudden stretching of the BSA
protein, leading to redshift in the spectrum of the spherical-complex system. With this model, we have
initially identified the form of the function expressing the absorption wavelength — temperature relation-
ship of BSA protein-coated gold nanoparticles (the tan function) and it has a good agreement with the
experimental data.

Keywords: Optical properties, gold nanoparticles, BSA protein, phase transition, effective radius
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