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The aim of the study was to evaluate the impact of pulsed light on the
inactivation of Enterococcus faecalis V583 in the exponential and
stationary phases. The suspension of Enterococcus faecalis in these two
phases was treated using pulsed light with the intensity of 0, 0.00002,
0.06, 0.2, 0.3, 0.5 and 0.6 J/cm? The suspension was evaluated on the
number of colonies, the impact on cell membranes and the recovery of
microorganism. The results showed that Enterococcus faecalis in the
exponential phase was more sensitive with pulsed light than the rest
phase was. The inhibition of Enterococcus faecalis in the exponential and
stationary phases needed the pulsed light intensity of 0.5 and 0.6 J/cm?
respectively. The results also indicated that the cell membranes of
microorganism in the stationary phase was impacted less than the one in
the exponential phase. Therefore, the recovery of microorganism in the
exponential phase was slowly than the one in the stationary phase.
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Xung énh séng

Muc dich cua nghién ctru 1a danh gia tic dong cua xung anh sang dén
kha ning bat hoat vi khuan Enterococcus faecalis V583 ¢ 2 giai doan
doan phat trién (pha ting truong va pha én dinh). Huyén phu vi khuan
Enterococcus faecalis ¢ 2 giai doan nay dwoc xir ly bang xung &nh séng
Véi cac cudng do ning lwong 0; 0,00002; 0,06; 0,2; 0,3; 0,5; 0,6 J/cm?2.
Sau d6 miu duoc danh gia mat do sb vi khuan song sét, mic do tac
dong dén mang té bao chat va kha ning phuc hdi. Két qua nghién cau
cho thay vi khuan Enterococcus faecalis & pha ting truong nhay cam
V6i xung anh sang hon so véi pha 6n dinh. Dé bat hoat hoan toan vi
khuan nay o pha ting truong va pha 6n dinh thi can ngudn ning lugng
xur 1y lan Tuot 14 0,5 J/cm? va 0,6 J/cm?2. Vé tac dong ciia xung anh sang
Ién mang té bao chat cua vi khuan thi két qua nghién ciru cho thay mang
té bao cua vi khuan ¢ pha on dinh it bi tic dong hon so véi pha ting
truang. Vé kha nang phuc héi, thi vi khuan Enterococcus faecalis & pha
tang truong s& phuc hdi cham hon.
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1. Giéi thiéu

Xung &nh sang (Pulsed light, intense light pulse, intense pulsed light) 1a mét trong nhiing k¥
thuat xir Iy khong ding nhiét véi kha nang xuyén thau tuong d6i thap, da va dang duoc str dung
rat nhiéu trong viéc khir nhidm bé mit trong cac linh vuc nhu y té, dung cu ché bién va ca linh
vuc thuc pham. Nguyén |y cia phuong phap nay 1a tich va phong dién cua tu dién vao thiét bi
phat sang (dén xenon) dé phét ra &nh sang trang bao gdm anh séang hong ngoai, anh séng kha kién
va &nh sang tir ngoai (c6 budc song trong khoang 200 nm — 1100 nm) véi cudng do rat cao [1],
[2]. Tuy nhién, nhiéu nghién ctru cho thay, tac dung tiéu diét vi sinh vat ciia phuong phap nay
chu yéu 1a do tia cyc tim (200 nm — 400 nm) gy ra tac dong phé hiy ADN cua té bao vi sinh vat
[3], [4]. Bén canh d6, khi nghién ctru co ché tac dong cua phuong phap nay trén t& bao nam men,
Takeshita [3] ciing da dé cap dén c6 mét sé co ché khéc, vi du nhu mang té bao chat bi anh
huong va/hoac bi pha va va tang kich thudce khdng bao.

C6 thé str dung cdng nghé xung anh sang (Pulsed Light) dé khir nhidm thuc pham, bao bi,
nudc va mot s6 ddi twong khac co bé mit nhin bong va trong sudt [5], [4], véi thoi gian st ly
siéu ngin cua mot tia phét xa. Tuy nhién, nhugc diém cia phuong phap nay 13 c6 thé bi han ché
boi mac do xuyén thau va/hoic hiéu ung che khat [4], [6], [7], viéc ndy c6 thé 1am thay ddi nhiéu
dic diém sinh ly cua vi sinh vat khi bi chiéu xa. Do d6, trong nhimng trudng hop xu ly véi cuong
d6 thap c6 thé duogc coi 1a mot su kich thich hoic gay dot bién trén vi sinh vat muc tiéu va sé tao
ra nhitng su thay ddi nhat dinh trong qua trinh tai phét trién va sinh ton cua vi sinh vt [8].

Enterococcus faecalis (E. faecalis) 1a mot trong nhing loai vi khuan thuéc nhém Coliforms cé
mat ty nhién va thuong xuyén trong duong tiéu hda cia dong vat mau nong trong doé cd con
nguodi va cd vai tro nhu mot nhdm vi sinh vat khai xuéng cho qua trinh 1én men va tiéu hoa thuc
an trong co thé. Su hién dién va phat trién manh mé cua loai vi khuan nay trong cac mdi truong
nhu dit, cat, nudc, thuc vat va thuc pham cé thé dugc coi nhu mot dang 6 nhidm méi truong do
chat thai tir phan dong vat méau nong [9]. Ngoai ra, cAc loai bénh lién quan dén nhiém tring co
hoi, bao gdm viém noéi mac, viém mang ndo va vét thuong, duong tiét niéu va nhidm tring mau
cling co lién quan dén loai vi khuan nay [10], [11]. Nghién ciu cho thiy 80% céc trudng hop
nhiém tring bénh vién lién quan dén rudt ciing do chung vi khuan nay gay ra do kha ning sinh
doc to va sy phat trién qua muc cia chung trong méi truong [12]. Tuy khéng gy hai & nguoi
khoe manh c6 strc dé khang tot, nhung vai nhitng bénh nhan & cac don vi cham soc dic biét hay
nhitng ngudi c6 strc d& khang kém nhu bénh nhan nhiém HIV, ngudi gia yéu,... chang cau khuan
nay c6 thé tré nén nguy hiém va gay bénh cho ho [13].

Muc tiéu ctia nghién ctru ndy 1a nham déanh gia tdc dong cua xung anh sang lén chung vi
khuén E. faecalis V583 & 2 giai doan phat trlen khac nhau (giai doan ting trudng va giai doan on
dinh). Xac dinh duoc mirc d6 ning luong can thiét dé bat hoat, ciing nhu cic mirc ning luong co
kha ning tac dong dén qué trinh phuc hoi ciia chung vi khudn nay.

2. Phwong phap nghién ciru
2.1. Chiing vi khudn va diéu ki¢n nuéi cdy

E. faecalis V583 [14] dugc nudi ciy & nhiét do 37°C trong thoi gian 24 gio trong mdi trudng
dinh dudng tong hop MCDE CAA Trp (Bang 1) [15], [16]. Pé xac dinh mat sb vi khuan, thi
huyén phu vi khuan da nudi ciy hodc da xu ly bang xung anh sang duoc pha loang trong dung
dich nuéc mudi sinh 1y 0,85% theo hé s thap phan va dugc nudi ciy bang phuong phap trang déu
trén bé mat moi truong aga GM17 ¢6 bd sung 0,5% dung dich glucose [17]. S6 don vi khuén lac
dugc hinh thanh (CFU) duoc dém va tinh sau 24 dén 48 gid nudi cay trong ti 0 & nhiét do 37°C.
Dbi véi cac thi nghiém theo ddi su phuc hdi cta vi khudn, thi E. faecalis duoc nudi cdy trong moi
truong dinh dudng tong hop MCDE Trp CAA dén ODsgonm cudi ciing 12 0,8 + 0,05, tiép theo duoc
xir Iy bang bang xung anh sang vai cac cudng d nang luong thay dbi lan luoc 1a 2x10°%; 0,06; 0,2;
0,3; 0,5 va 0,6 J.cm? Sau d6, cac miu da duge xr Iy va chua xtr Iy (mau dbi chimg) duoc ciy vao
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moi trudng dinh dudng méi MCDE CAA Trp v6i ODsgonm 12 0,08 trong mot bé chira c6 96 giéng
nudi céiy riéng biét v6i su hd trg clia ciia mot dau doc truc tuyén tu dong (SAFAS Xenius XML,;
SAFASmonaco, Monaco) thi sy phat trién cua vi khuan duoc theo ddi truc tuyén mdi 30 phat mot
1an, trong tong thoi gian 24 gio nudi ciy lién tuc.

Bang 1. Thanh phan méi truong MCDE CAA Trp

Loai hop chat Nong do Nguén géc

KH2PO4 20 mmol/L Alfa  Aesar GmbH&Co, Karlsruhe,
KHPO4 60 mmol/L Germany

Ammonium citrat 2,47 mmol/L Alfa  Aesar GmbH&Co, Karlsruhe,
Sodium acetate 7,35 mmol/L Germany

Pyridoxal 9,8 umol/L Sigma Aldrich, St Louis, MO, USA
Nicotinic acid 8,1 umol/L Sigma Aldrich

Thiamine 3 umol/L Sigma Aldrich

hydrochloride 2,7 pmol/L Sigma Aldrich

Riboflavin 4,2 umol/L Sigma Aldrich

DL-Pantothenic  acid 72,9 umol/L Sigma Aldrich

salt 4,1 umol/L Sigma Aldrich

4-Aminobenzoic acid 2,1 pumol/L Sigma Aldrich

Biotin 0,7 umol/L Sigma Aldrich

Folic acid 32 pumol/L Aldrich, St Louis, MO, USA
Vitamin B12 20,6 pumol/L Sigma Aldrich

Orotic acid 18,6 pumol/L Sigma Aldrich

Thymidine 12,2 pmol/L Sigma Aldrich

Inosine 20,7 umol/L Sigma Aldrich

dI-Thiothic acid 984 pmol/L Sigma Aldrich

Pyridoxamine 340 umol/L Sigma Aldrich

MgCl; 25 umol/L Alfa Aesar GmbH&Co

CaCl; 17,4 umol/L Acros Organics, Geel, Belgium
FeCl, 10,5 pumol/L Sigma Aldrich

ZnS0O4 0,4 umol/L Sigma Aldrich

CoCl; 165 pmol/L Acros Organics, Geel, Belgium
CuSO4 74 mmol/L Sigma Aldrich

MnSO4 89,2 mmol/L Sigma Aldrich

Adenine 65,7 mmol/L Sigma Aldrich

Uracil 66,2 mmol/L Sigma Aldrich

Xanthine 1,5% Sigma Aldrich

Guanine 0,49 mmol/L Sigma Aldrich

Casamino acids 0,5% Becton Dickinson, Le Pont de Claix,
Tryptophan France

Glucose Sigma Aldrich

Merck, Darmstadt, Germany

(Nguon: [15], [16])
2.2. Phwong phap xur ly xung danh sang

Thiét bi xtr Iy xung dnh sang gébm c6 1 bd phan tich dién va 1 budng xir 1y dugc cung cap boi
Claranor (Phap), trong budng xir 1y c¢6 4 dén xenon dang hinh try (Hinh 1) [16]. Véi thiét bi nay
mot loat cac xung anh sang c6 bude song tir 200 dén 1100 nm va thoi gian ctia mdi xung 1a 300
us co thé dugc tao ra lién tuc dé phuc vu cho viéc thay ddi cuong do nang lugng xir Iy mau. Khi
xtr Iy mau thi ding 1 hop thach anh c6 kich thudc 20x10x4 cm dé chira dung huyén phii vi khuan
va cuong do niang luong dwoc didu chinh tir 2x10° dén 0,6 J.cm nhu md ta chi tiét & muc 2.1
[16]. Sau khi xtr Iy, mau déi ching va méu thi nghiém duoc cdy trang trén méi truong GM17 ¢6
bd sung 0,5% glucose cho phuwong phap dém khuan lac. Thi nghiém dugc 13p lai it nhat 3 lan.
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Hinh 1. So' @6 minh hoa buéng xir 1y xung dnh sdang (Claranor) [16]
2.3. Kiém tra mang bdn thim ciia té bao vi khuin bang phwong phdp Bradford

Mau té bao vi khuan E. faecalis V583 da duogc xir Iy bang xung dnh sang va mau ddi ching
duoc ly tam ¢ 10.000g, 4°C trong thoi gian 10 phut. Dung mang loc cellulose-acetate 0,2 pm
(Millipore Whatman, Pirc) dé loc 1dy phan dich 10ng va phan niay dwoc bao quan trong da vay dé
on dinh nhiét d6. Cho vao cuvet 400 pl dich loc, 400 pl nudc cat va 200 pl dich thudc thu
Bradford 5X (kit Bio-rad Protein Assay, Biorad). T4t ca hon hop dugc lic nhe bang tay va dé yén
5 phtt ¢ nhiét d6 phong. Tiép theo, miu s& duoc do quang & budc séng 595nm bang thiét bi
quang phd (Helios Epsilon Spectrophotometer, Thermospectronic, M¥). Két qua nong do protein
trong dung dich s& duoc tinh bang cach nodi suy dwa vao duong chuan cia albumin huyét thanh
bo (BSA, Sigma) v6i ndng do thay ddi tir 0 dén 8 mg.ml™ [18].

2.4. Phwong phdp kiém tra mit sé vi khuén Enterococcus faecalis

Mat s vi khuan E. faecalis duoc kiém tra bang phuong phap dém khuan lac. 1 ml mau huyén
phu vi khuan truée va sau khi xir Iy béng xung anh sang ¢ cac cuong do xu 1y khac nhau dugc
pha loang trong 9 ml dung dich nu¢e mudi sinh 1y 0,85% theo h¢ so thap phén. Tiép theo, 0,1 mL
cac nong do pha loang s€ dugc cay trang trén bé mdt moi truong dinh duo‘ng aga GM17 ¢6 bd
sung 0,5% glucose. Dém s khuan lac hinh thanh (CFU) trén bé mit méi trudng dinh dudng sau
khi cac dia Petri dugc ¢ & nhiét do 37°C trong thoi gian 24 dén 48 gid. Mau phan tich duoc thuc
hién lap lai it nhat 3 1an.

2.5. Ddnh gid sw phuc héi ciia vi khudn Enterococcus faecalis

Kha ning phuc hdi cta vi khuéan E. faecalis V583 dugc danh gia thong qua su phat trién cua
vi khudn nay trong méi truong dinh dudng MCDE Trp CAA & nhiét do 37°C va dugc theo dbi
truc tuyén bang cach do do duc cua dung dich ¢ budc song 580 nm véi sy trg giup cia may do
quang pho (Thermo Spectronic™, Helios ¢). Song song do, cac mau & do duc khac nhau cling
dugc dém mat sO vi khuan tryc tiép trén moi truong aga GM17 ¢6 b sung 0,5% glucose, nham
thiét 1ap dwoc mdi quan hé gitta do dyc va mat s6 cua vi khuén, gitip cho viéc ndi suy mat sb vi
khuan tir két qua do do duc khi can thiét.

3. Két qua va ban luan
3.1. Higu quad xi# Iy huyén phii vi khuan Enterococcus faecalis ciza xung 4nh sang

Xung anh sang duoc biét dén 1a mot phuwong phap diét khuan khong sir dung nhiét cung voi
kha nang xuyén thau kem, tuy nhién véi dung dich long thi hiéu qua xu 1y cua phuong phap nay
tang 1én va hi€u qua cang tang cao khi do trong cua dung dich cang tang. Huyén phu vi khuan E.
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faecalis dugc xur ly bang xung anh sang ¢ cac mirc nang luong tir 0 — 0,6 Jlem? s& cho théy tac
dung bat hoat vi khuan ctia phuong phap nay. K&t qua thi nghi€ém dugc thé hién ¢ Hinh 2.
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Hinh 2. Hiéu qua bat hoat vi khudn E. faecalis bang xung dnh sing

Két qua nghién ciru cho thiy, xung anh sang c6 kha nang cao trong viéc ti€u diét vi khuén E.
faecalis & dang huyen phu, cu thé chi cAn murc ning luong khoang 0,6 J/crn cling da du dé tiéu
diét hoan toan vi khudn nay trong huyén pht véi mat ¢ 108 CFU/ml. Khi té bao vi sinh vat tlep
xuc voi mot ngudn ning luong dii 16n ctia xung anh sang thi s& tao ra nhiéu bién doi bén trong té
bao, dic biét 1a bién doi quang hoa gdy anh huong dén céu trac DNA (tao lién két nhi hop, dut
gdy DNA) 1a nguyén nhan chinh dan dén bat hoat té bao vi sinh vat [6], [8], bén canh do cac bién
ddi quang nhiét va vat ly cling c6 thé 14 nguyén nhén két hop dé gay chét té bao [3], [16]. Hay
Cai va cong sy [19] nhan thay rang PL tac dong 1én té bao vi sinh vt tao ra cac gbe oxy hoa hoat
dong (ROS) cung gop phan 1am bat hoat té bao. Ngoai ra, mot van dé rat cha y trong ket qua nay
1a hidu qua bt hoat vi khuan cua xung anh sang con phu thudc vao giai doan phat trién cua vi
khuan dang nghién ciru. Cu thé 1a huyen phu vi khuén nay & giai doan tang trudng nhay cam véi
phuong phap xtr Iy hon so véi huyen pht vi khudn nay & giai doan 6n dinh. That vay, khi xu ly
xung anh sang véi huyen phu vi khuan E. faecalis & giai doan tang trudng thi chi can ngudn nang
lugng 0,5 J/em? 1a du dé tiéu diét hoan toan 8 log CFU cua vi Khuén, tuy nhién dé tiéu diét mot so
luong vi khuan E. faecalis gidng nhu thé nhung & giai doan 6n dinh thi phai can dén ngudn ning
lugng 0,6 J/em? Két qua nghién ctru nhu trén ciing dd dwoc cong bd boi nhiéu tac gid. Theo
nghién ctru ciia Cai va cong su [19] trén Alicyclobacillus acidoterrestris, mot loai vi khudn ua
acid chiu nhiét, két qua cho thiy khi cdy loai vi khuan nay vao dich nuge ¢ép tdo c6 noéng do chit
khé hoa tan trong khoang (8-20°Brix) voi mét s6 10° CFU/ml va xur ly bang xung 4nh sang, dé
bat hoat hoan toan mau vi khuan nay & pha ting truong thi can ngudn nang hrong 20,25 — 47,25
Jlem? (phu thude vao ndng do chit kho hoa tan trong dich nude ép tao). Di v6i loai vi khudn nay
& pha 6n dinh, thi phai can ngudn ning luong téi 54,00 J/cm2 Hay nghién ctru cia Agrawal va
cong su [20] cho thidy méu vi khuan E. Coli ¢ pha 6n dinh c6 kha ning han ché su tdn cong cua
peptides khang khuén cao hon nhiéu so véi mau vi khuan E. Coli & gilta pha tang truong. That
vay, de peptides khang khuén c6 the thim thiu vao mang nguyén sinh chét cta vi khuén E. Coli &
pha 6n dinh thi can nong dg cao gap 10 lan s0 v6i vi khuan E. Coli ¢ giita pha ting trudng, ngoai
ra qué trinh thdm thau nay ciing dién ra rat cham khi xir 1y vi khuan E. Coli ¢ pha 6n dinh) [20].
Mot dang xur 1y khdc khi tac dong 1én vi sinh vét cling cho thdy cac mau vi sinh vét 6 pha 6n dinh
c¢6 kha ning chiu dung t6t hon rt nhiéu so voi cac mau vi sinh vat dugc nudi cay ¢ pha tang
truong. Khi nghién ciru tac dong ciia ap suit cao tao nén stress oxy hoa ndi bao dé bat hoat vi
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khuén E. coli, Aertsen va cong sy [21] nhan thiy ring dé bat hoat mau vi khuan E. coli MG1655
& pha 6n dinh thi p suat sir dung it nhét phai 1én t61 400 Mpa. Trong khi d6i véi mau vi khuan
nay ¢ pha tang truong thi chi can ap suét khoang 150 Mpa la da bét dau bat hoat chung, dong thoi
néu sb lugng t& bao cang giam thi ap sudt doi hoi dé bét hoat chung ciing giam theo. 0 mot
nghién ctru khac Gao va cong sy [22] da cho thiy huyén phu vi khuan Enterococcus -aerogenes ¢
pha tang truong nhay cam hon nhleu v6i song siéu 4m so v6i huyén phu cia vi khuan nay ¢ pha
on dinh. O cac giai doan phat trién khac nhau cua vi khuan, kha nang chong chiu véi diéu kién
bén ngoai s€ khac nhau. Pac biét 1a khi so sanh giai doan on dinh va giai phat trién cua vi khuén.
O giai doan phat trién, vi khuan trao d6i chat manh, sinh san nhanh, do dé ching rat nhay cam
v6i cac diéu kién bén ngoai méi truong [16], [19].

Mot trong nhitng nghién ctru gitp giai thich cho co ché tac dong ciia cac phuong phap bat
hoat vi sinh vét trong d6 c6 xung anh sang la phéan tich anh hudng cuia phuwong phap xur Iy dén
mang té bio cta vi sinh vat bang cach do ham luong protein mang té bao chét da duoc trich ly ra
moi trudng sau khi xir 1y [16]. Két qua thi nghiém dwoc thé hién ¢ Hinh 3.

2,5 1
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Hinh 3. Ham luong protein trich ly ra méi trwong sau khi xu Iy E. faecalis bang xung anh séng

Két qua nghién ctru cho thay, ham luong protein mang té bao chit ctia vi khuan bj trich ly ra
moi truong ting dang ké theo cudng d6 ning lugng cua xung anh sang (Hinh 3). Pong thoi, mot
chi bdo quan trong dugc chu y ¢ day la mang té bao chat cta vi khuan E. faecalis & pha tang
truong bi anh huong manh hon nhiéu so véi mang té bao chat ctia vi khuan E. faecalis ¢ pha 6n
dinh (Hinh 3). Thét vy, két qua cho thiy loai vi khudn ndy & pha ting truéng nhay cam hon (d&
bi tiéu diét hon) v6i xung anh sang so voi chiing khi dugc phén tich & pha 6n dinh (Hinh 2). Céc
cong bd trudc diy cho thidy khi danh gia tic dong dén mang té bao chit cua vi khuin
Alicyclobacillus acidoterrestris bang cach theo ddi lwong protein trich ly ra ‘mdi truong sau khi
xu ly bang xung anh sang thi cho thdy ca hai trang thai cia vi khuén (pha 6n dinh va pha ting
truong) déu bi anh hudng boi xung anh sang va vi khuan & pha ting trudng bi tac dong manh hon
vi khuan & pha 6n dinh [19] Két qua tuong tu cling da dwoc Pagan va Mackey [23] nghién ctru
trén chung E. coli ¢ 2 giai doan phat trién (pha tang truéng va pha 6 on dinh) bang vige xur ly voi
ap suat cao va nhiét. Két qua cho thidy mang té bao cua vi khuan nay & pha 6n dinh it bi ton
thuong hon va doi héi mot ap sudt va nhiét do cao hon dé bt hoat chung.

3.2. Sw phuc héi ciia Enterococcus faecalis sau khi xir Iy bang xung dnh sing

Khi xir Iy huyén phu vi sinh vAt bing xung 4nh sang véi cac cudng do khac nhau, thi kha nang
tac dong va/hodc ti€u diét deén vi sinh vat trong huyén phu sé khac nhau (Hinh 2). Vi viy nghién
ctru s€ thuc hién budce tiép theo la sau khi xtr 1y cac loai huyén phu ctia vi khuan E. faecalis ¢ 2
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pha khéac nhau, roi sau d6 s& dem di nudi cdy lai va theo déi kha ning hdi phuc cua ching theo
thoi gian. Két qua duoc the hién ¢ Hinh 4 va Hinh 5.

—=—NT
10,0 - —=—0,00002 J/cm?
—— 0,06 J/cm?
—4—0,2 J/cm?
—o—0,3 J/cm?
—e— 0,5 J/cm?

A 580nm

0,0 T T T T
0 5 10 15 20
Thoi gian (h)
Hinh 4. Sy hoi phuc ciia vi khudn E. faecalis ¢ pha ting trucng sau khi xit Iy xung dnh sing
—=—NT
10,0 —&— 0,00002 J/cm?2 7

—&— 0,06 J/cm?
—a—0,2 J/cm?
—e—0,3 J/cm?
—e— 0,5 J/cm?
—+—0,6 J/cm?

A 580nm

0,0 T T T T

0 5 10 15 20
Thoi gian (h)
Hinh 5. Su hoi phuc ciia vi khudn E. faecalis ¢ pha 6n dinh sau khi xir 1y xung énh sing

Két qua nghién ctru ¢ Hinh 4 va Hinh 5 cho thiy & muc ning lugng xur ly thap, thi vi khuan
chi bi bat hoat mot phan hodc 'khoéng bi bat hoat, nén khi dugc nudi cay lai trong moi truong dinh
dudng moi thi chiing s& lai tiép tuc phat trién (kha nang ho6i phuc nhanh). Két qué ciing cho thdy
khi xu ly ¢ mirc ndng lugng cang thap thi khi nudi cdy trong méi trudng dinh dudng méi ching
phat trlen cang nhanh. Cuy thé, & cuong do nang luong xur ly 0,00002 J/em? va 0,06 J/cm? thi khi
nudi cdy lai, pha ting truéng dén rat nhanh, con & cudng d6 nang luong xur ly 0,2 J/em? va 0,3
Jlcm? thi pha ting truéng chi dén sau 5 dén 15 gio nudi cay. Két qua phan tich proteomic cua
Masier va cong su [16] cho thay khi xtr 1y vi khuan E. faecalis bang xung anh sang vé6i ning
lugng thap thi s& hinh thanh nhiéu loai protein méi trong té bao (enolase EF1961, triosephosphate
isomerase EF1962, glyceraldehyde 3 phosphate dehydrogenase EF1964, 6-phosphofructokinase
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EF1045 va ornithine carbamoyltransferase EF0105) dé dap ung véi tac dong cua xung anh sang,
trong khi xur Iy v6i nguon néng lugng cao, thi hién tuong nay khong xay ra [16]. Bén anh do,
nghién ctru cia Hwang va cong su [24] cho thay khi vi khuan tiép xtic véi xung anh sang c6 mirc
nang luong thap thi s& kich thich qua trinh dot bién cuia té bao, giup cho té bao vi khuan chong
chiu tot hon v&i cac xir 1y tiép theo. Ngoai ra, két qua nghién ciru & Hinh 4 va Hinh 5 clng cho
thy vi khuan E. faecalis ¢ pha tang truong nhay cam hon vdi xung anh séng so v6i vi khuan nay
& pha 6n dinh. That vay, khi so sanh kha nang hodi phuc cua loai vi khuan nay sau khi xu ly ¢
cuong d6 0,3 J/em?, thi két qua cho thiy giai doan ting truong chi dén sau 15 gio nudi cdy dbi
v6i huyén phu vi khuan ¢ giai doan tang truong da duogc xu ly bang xung 4nh sang (Hinh 4). Con
dbi vé6i loai vi khuan nay & giai On dinh, thi sau khi xir Iy bang xung 4nh sang va nudi cay lai
trong moi truong dinh dudng mdi, giai doan ting truong sé dén sau khoang 10 gid nudi ciy
(Hinh 5). Thém nita, khi x&r Iy & cuong d6 ning luong cao hon thi huyén phu vi khuan & giai
doan tang truong s€ bi bét hoat hoan toan ¢ cuong do xu 1y 0,5 J/em? (Hinh 2, Hinh 4), con ddi
v6i huyén phu vi khuan ¢ giai doan 6n dinh thi can t6i nguon nang lugng 0,6 J/cm? méi du bat
hoat hoan toan (Hinh 2, Hinh 5). Cac nghién ctru cong b trude do ciing cho thdy két qua tuong
tu. Két qua nghién ciru cia Hwang va cong su [24] cho thiy hiéu qua khir khun cua xung anh
sang phu thudc vao rat nhidu yéu td, trong d6 c6 nhitng yéu t6 lién quan dén ddi twong can xir 1y.
Theo céc tac gia nay thi khi xu ly E. coli ATCC 25922 béng xung anh sang thi hiéu qua cua
phuong phap nay phu thude nhiéu vao mat s6 vi khuan ban dau, trang thai cua vi khuan khi xt 1y
(bao tir, t& bao sinh dudng ¢ pha 6n dinh hay té bao sinh dudng ¢ pha tang truong). Khi ¢ pha
tang truong thi vi khuan nhay cam hon, chi can ngudn niang lwong 0,51 J/em? da du dé bat hoat
hoan toan. Con d6i vé6i vi khuan & pha on dinh thi can nguén ning lugng 0,67 J/cm? dé bét hoat
hoan toan chung khi xtr Iy & cting mot nong do vi khuan ban dau [24].

4. Két luan

Viéc danh gia hiéu qua bt hoat vi sinh vat hay giai thich co ché tac dong cua cac phuong
phap xir Iy dén vi sinh vat 1a mot viéc lam can thiét. Két qua nghién ctru nay cho thiy xung anh
sang co tac dong manh me 1én huyén phu vi khuan muc tiéu da sir dung. Dong thoi, trang thai vi
khuan khac nhau ciing anh huong dén hiéu qua bat hoat cua xung anh sang. Cu thé, dé bat hoat
hoan toan huyén phu vi khuan E. faecalis ¢ pha ting truong thi can nguodn nang lugng xu 1y la
0,5 J/em?, trong khi v&i huyén phi vi khudn nay & pha 6n dinh thi can t61 nguon nang luong la
0,6 Jlem? méi du dé tiéu diét hoan toan ching. Bén canh do, xét Ve muc do anh huo‘ng téi mang
té bao chat khi xtr Iy xung anh sang thi két qua cho thay mang té bao chat cua vi khudn & pha
tang truong bi anh huong manh mé hon so véi vi khuan nay & pha 6n dinh. Cu thé 1a protein té
bao chét cua vi khuan ¢ pha ting trudng bi thoat ra méi truong nhidu hon dang ké so véi vi
khuin ¢ pha 6n dinh sau khi xir Iy bang xung 4nh sang. Bén canh d6, duéi tac dong voi ngudn
ning luong thap ciia xung anh sang, thi vi khuan muc tiéu & pha 6n dinh c6 kha ning hdi phuc
nhanh hon vi khuan nay & pha ting truong.
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