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Objectives:

Laser technologies have many different
applications in medical, agricultural, and
industrial fields. Studies have shown several
effects of laser energy on different bacterial
species, in a wide variety of settings.
Recent reports have found that one of the
unique features of bacteria is their ability
to communicate among themselves (quorum
sensing). We sought to investigate whether
low-energy laser irradiation affects bacterial
behavior, which is regulated by quorum sensing.
Methods: Laser irradiations were performed
using Er:YAG laser (2940 nm wavelength) at
output powers of 0.5, 1.5, 2.5, and 4 W on wild-
type Vibrio harveyi.Bioluminescence, motility,
and biofilm forming capability were assessed

on the bacteria after irradiation.

Results:

After irradiation of bacteria, positive dose/
output power dependencies were found in
the bioluminescence omitted from tested
experimental groups. Motility of colonies on
semi-solid media was inhibited as irradiation
output power was increased. However, after
irradiation, biomass analysis of biofilm
samples showed negligible differences
between the irradiated samples and controls.
Conclusions: Results indicate the impact of
low-energy laser irradiation on bacterial
behavior such as quorum sensing and motility,

without affecting bacterial growth patterns.

Keywords: laser, biofilm, quorum sensing

2017.10 Hidtiig 22




Laser in Biology

WESEH R

BERNEMAZARNEAEAEREER
FH - REFEBZLFREEF - £FASK
RIRIES - HRBEREFHAEAESEEM
AEFE - RORERIR - AERILEE B
FROBEEES] - HMBER "SRR -
Mo B R EEEEEH EET EMEE K

Jiikc:

EHFEABmEINIZER 0.5,1.5,2.54W 1
Er:-YAG &5 (FE%A2940nm) - BB EF £
ARVINER S EETENRS - FEAR
SRS B BE D ETRYAS -

BHER - WA ERANEY SN
o RIRGME S B E HINENEE % - 2EFH
TR - ¥EREEINEREE N
ZWHE - 2AMm - BEBEVMENEYES
e~ - HERAERmAZBNEEY R
Rt -
ek I

»nHa

%

BREEFENRIARRETEEIRRE
RS  MARZHAENERE -

EARRET - RS READ BN
ERESRD T (BBRIE [Als]) BXES

30 iskitiZ @ no.269

b

B ERNREEBHEL" BieKE" - O
REATNERBERES  BFEMENT
X~ BIAERNER ] - BNEED RN
7~ DREMBENASEES - 2EKEY
A UWEIKESSIKE - FERERANES
BIERERREBNERSF  EREKEURE
BURERE  FRAS#2KAE (HSLs)
ETERBERREBERE BN -

autoinducer-2 (Al-2) BEEFZEHK
GHENEEKEEEPRKE - BIRES
"BRBEHFSE" -

The autoinducer-2 (AI-2) @—&km
Bt (% 25 ) WiBE _Bs - SANREIREN
BRDFRENEE -

B EBAENE IR EZ RN A
BRI - BEMAEELE=—TE0 ALY
SHANEEFEL BEREUNSHIRE
(HSL) (AI-1) - BAZLEE (AI-2) FZEELIN
EEBEE (CAI-1) - BESREREREN AR
H—LEME - flNEY Y EFEREE
BEPEHAURENENEET -

ESNEBEP—EMENAERE - A
BINEHUAR G ZEBABRMENESE
REFAH - BERGFREURREH A
RS AlE  BREMNKE - BHWES
B (XR) BXARE - - BRSEHER 7
mABaNREBNE - HEIEFNKES
2.94um - BROPALIME - IERREOIHAA
FUREREER KD FRIRUT -

SHREBRAMERK A RN ERNELR
MAEERABERYNERKE - BET
Fop - FIRNGIARER G858 o] FaRh A 15l

rN



MR - EWLOCHE R ERERRIRN
Y - e FREERM O MINEMMREIER -
MmERENEFHARHERBNEERZ
EEFME - EHE2EEMREEER -

Materials and Methods
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FIG.1. Optical density measurements of bacterial growth kinetics recorded every 30min for 18h.
Graphs represent irradiated V. harveyi study groups (0.5, 1.5, 2.5, and 4W).
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FIG.2. gPCR quantification of bacterial biomass from biofilms incubated for 24h and grown
from samples previously exposed to laser irradiation at 0.5, 1.5, 2.5, and 4W
compared with nonirradiated controls. qPCR, quantitative polymerase chain reaction.
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FIG.3. Kinetics of irradiated V. harveyi wild-type BB120 cultures during 18 h incubation.
Bioluminescence values of incubated cultures increased as the output power setting was higher.
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FIG.4. Comparison of RLVs for each group. RLV curves were calculated by dividing each bio-
luminescence reading by the absorbance values to normalize the luminescence value
of each sample to its cell density and to avoid dissimilarities caused by differences in
growth rates by absorbance values. Asterisks mark indicates significant difference to
the respective controls (t-test, p value <0.05). RLVs, relative luminescence values.
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FIG.5. Scans of agar plates inoculated with bacteria after laser irradiation at 0.5W(a), 1.5W(b), and
4W(c). All plates were scanned using a digital scanner after which images underwent analysis
using ImagelJ digital processing software to assess and compare postirradiationmotility of the
colonies (left) to untreated controls (right).
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FIG.6. Comparison of motility halos reduction by irradiated bacteria for 15 sec at 0.5,1.5, 2.5, and 4.0W

to untreated controls. Halos area analysis was performed using ImageJ software. Asterisks mark

represents significant difference to the respective controls (t-test, p value <0.05).
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