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EFFECT OF Q-SWITCHED ND: YAG LASERON THE
ACTMTY AND SPECIFIC ACTIVITY OF Saccharomyces

cerevisiae INVERTASE
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ABSTRACT
This study attenirpts to estimate the action of Q-switched Nd: YAG laser

on activity and specific activity of invertase enzyme produced by Saccharomyces

cerevisiae, The yeast cells were irradiated using two wavelengths (532 and f064)
nm of Q-Switched Nd: YAG laser with (lHz) frequency; Different fluences (11.3'
22.6 and 33.9) mJ/cm2 and different nurnber of pulses (15, 30 and 60 pulses) were
used, The irradiated cells were incubated in a liquid nutritive medium for 24

hour. After incubation, the cells were harvested and disrupted to extract the
invertase enzyme and its activities were assessed. In comparison with the control,
the irradiated cells with fundamental wavelength (1064 nm) showed an incresse
in the activity and the specilic activity of invertase at energi density of 33.9
nJ/cm2 at 15 and 60 pulses, while the irradiation with 532nm at all doses

inhibited effect thelacfifity.and specific activity of invertose. It is concluded that
a fluence at 33.9 mJ/cm' with 1064 nm wavelength stimulates the activity and
specitic activity of the enryme to the maximum values.

INTRODUCTION
Interest in biostimulating effect of low-intensity laser light has increased

in the eights of century. Low power laser therapy has been reported as being
successful in some cases such as treating tropic ulcer (10' 5). Until now there has

been little quantitative information about the
stimulative effect of light irradiation dose, wavelength, exposure time and

intensity on different kinds of cells (9), Also one of practically not investigated
problems in laser biostimulation is whether irradiation with monochromatic
light of visible-to-near tIR spectral region can cause long term effect' which
appears in following cell generations (17). Therefore, it is of interest to study the
interaction between laser photon and biological catalysts.

Photoactivation of enzymes is related to photocarcinogenesis,
photomorphogenesis of plants, primary effects or side effects of phototberapy'
deoxyribose nucleic acid (DNA) repair and many other aspects of biolory and
medicine. Model systems may contribute to the knowledge of protein chemistry
and medicinal chemistry (8).

Recall, when cells are irradisted with monochromatic lsser irradiation,
Four primary action mechanisms are reviewed: changes in the redox properties
of the respiratory chain components following photoexcitation of their electronic
states, genention of sipglet oxygen, localized transient heating of absorbing
chromophores and increased superoxide anion production with subsequent
increase in concentration of the product of its dismutation, H2O2. A cascade of
reactions connected with alteration in cellular homeostasis Parameters (pH, Ca2*,

cAMP, ATP etc) is considered as a photosignal transduction and amplification
chain in a cell (secondary mechanisms) (31),
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Enzymes by. micpoorganisms and animal cells have aroused great interest
in recent years. Yeast invertase (p-D-fructofuranoside fructohydiolase, EC
3.2.1.26) is an attractive system in which to study biostimulation phenomenon
(11).

The major portion of the enryme activify is located outside the cell
mernbrane (periplasmic space) and is called external invertase, but there is no
agreement as to the location of the enrymes within the cell.

This enzyme is a glycoprotein containing 50Vo mannan and 37o
glucoseamine, with a molecular weight of 270000 (f f). The cytoplasmic enryme is
formed by a continuous addition (18) or removal (16) of mannose residues
during enrymatic glycosylation or degradation.

Invertase catalysts a-1,4 glycosidic linkage between o-D-glucose and p.D-
fructose molecules lof s6crose by hydrolysis releasing monosaccharides such as
glucose and fructose. It also hydrolyses p-fructans sach as rafrinose in to simple
sugars (4).

The enzyme activity of invertases has been characterized mainly in plants
(1, 12), several filamentus fungi like Aspergillus sp, (2) and it was also expressed
in different yeast strains such as Candida utilis (6), Picia anumala (23) and
Rhodotorula glutinis (24), S. cerevisiae is particularly interesting microorganism,
since it synthesizes two invertases: a glycosilated periplasmic protein and a
cytosolic non glycosilated protein (22).

Invertase has a wide range of commercial applications including
production of confectionary with liquid or soft centers and fermentation of cane
molasses into etha4ol. I-nvertase is also used in pharmaceutical industry, (as in
digestive aid tablets), fowder milk for infants, other infant foods and invert
syrup production by microbial invertase (25).

In our Knowledge, there is very few researches about the action of laser
irradiation on enzymes of microorganisms, especialty invertase enzyme.
Therefore, This study is aimed to investigate the possible rction of Nd: yAG
laser in pulse mode on the activity and specific activity of invertase enzyme of
baker yeast by using different energr densities and different number of pulses,
and determining the optimum laser parameters to increase the ability of the
baker yeast for invertase production.

MATERIALS AND METHODS
Strain and culture cgnditions

An isolate <if commercial baker's yeast (Saccharomyces cerevisiae) was
used after grown on PDA (potato-dextrose agar) slant for 72 hour. The growth
culture was transferred to 250- ml conical flask cotaining 50ml of tiquid out.itine
medium (2%o glucose, lToyeast extract and 0,022o ammonium sulphate, pH 5.5)
and incubated in a shaker incubator (150 rpm) for 24h at 2g'-c. cells were
separated from the nutritive nedium by the centrifugation 2000 rpm for 15 min
by using (Labnet international) centrifuge then waihed with twice sterile tap
water. A suspension with an optical density of 0.06 (f=540nm) in sodium-
potassium phosphate bulfer (pHd.0) was prepared for irradiation (14). The
experiments were done on December in 2010 at institute of laser'for post
graduate studies and department of biotechnolory, college of science, univeisity
of Baghdad.
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Irradiation proccdure
Irradialion experinr€nts were performed at room temperature (20-25tr)'

Extraneous itluminaiion (sunshine or artificial light, especially that from the

fluorescence bulbs) was carefully avoided during preparation of the suspension

and the irradiation (14).
x.laskswithl.5cmdiameterwereusedtoirradiateyesstcells.AQ.

switched Nd: YAG laser (Diamond Beauty) was used for as a source of

irradiation. The laser was operated with 1064nm wavolength and 532nm using

KTP crystal, 6nsec'pulqe duiation and 1 IIz frequency' The prepared cplls were

irradiated using tt.i, 2i,S and33.9mJ/cm2 output energy density for 15' 30 and-

60 pulse p". 
""ih 

fluence. The diameter of the beam was expanded by means of

beam expander to 1.5cm to provide a uniform iltumination of whole area

.Irradiation from the bottom was apptied to avoid the meniscus effect which may

occurs if irradiating was from the top. In this cme, the meniscus of the liquid acts

like a lens and the dose ofthe light reaching the cells (if reaching the lower layerr

at all) will be decreased in an uncontrolled way ( 9, 15,26). The irradiated cells

wereincubated for 24 hours before further procedures were followed to measure

the activity and specific activity of invertase enzyme'

Cell-free extract preParation
After irradiiiiofti the irradiated yeast cells were grown overnight in 50 ml

of liquid nutritive medi,r-. The cells were hsrvested from the medium by

centrifugation 2000 rpm for 15 min by using Labnet international centrifuge.

The pellets were washed twice with distilled water and resuspended with 0.01M

of soiium potassium phosphate buffer (pH 6.0) in order to obtain cell suspension

with an optical density of 0.7 at 540 nm'
A portion of 2 ml of Lysozyme solution (prepared by dissolving 0'059 of

lysoryme powder in l0mt of 1% glucose solution (13) was added to 8mt of the cell

*.p"".ioo with an optical density of 0.7(at l=540nm) to reach a final lysozyme

concentration of lmg/ml' The suspension was incubated in shaker water bath

(Jiotechnic) at 30"C ior 4-6 hours. After incubation, the suspension was kept in

ihe refriserator at.4"C for overnight. Therefore' a smear frorn the pellets was

prepareiand stained bj Gram stain to estimate the efficiency of lysozyme'

The suspension was centrifuged at 12000 rpm for 15 min by using cooling

centrifugation lBeckrnan); the pellets were neglected while the supernatant wag

used foidetermination oi enzyme activity and total protein concentration in the

crude extract.

Determination of invertase activity
InvertaseactivitywasdeterminedaccordingtoBalasundaramandPandit

(3). Amount of invertase was estimated from the amount of glucose formed'

biu"oru can reduce 3,S-dinitrosalicylic acid (DNSA) to produce an orange, color'

which can be measured at 540 nm. A calibration cune with known

concentrations of invertase standard was obtained to calculate the concentration

of enzyme present in thb sampte. The unit of invertase sctivity k defined as the

"Ilooot 
of enzyme whlch leatls to release I pmol of reduced sugars (glucose) per

one minute under experimental conditions.
Totalso|ubleproteinswereestimatedbythemethodofBradford(7)using

BovineSerumA|bumin@SA)asastandard.Thespecifrcactivitywas
determined from the following equation:
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Specific activit-v (unil/ms of pror"i"l - "'u"l+r?f ,,""iTt"l::lttj,Tl=,, trt
concentratlon of Protetn (mg/ml)

RESULTS AND DISCUSSION
Results of the effect of Nd: YAG laser on activity and specific activity of

invertase are illustrated in figures (1,2 and 3). Figure (1) A and B a decrease in
the invertase activity ahd specific activity was observed by using 20mJ output
energr (with fluence = 0.0339 J/ c-';, at the three different number of pulses 15'

30 and 60 pulses.

A: Activity (U/ml). B: Specific activity (U/mg).
Figure l: Activity and specific activity of invertase enzyme of S. cerevisiae after

erposure to 0.0113 J/cm2 fluence at 1064 nm wavelength.

The values of invertase activitv reached to 0'05' 0.06 and 0.055 U/ml at 15'

30 and 60pulses and 0.01l3J/cm2, respectively' comparing to 0.088 U/ml in
control. The values of invertase specific activity reached to 0.12n 0.146 and 0.135

U/mg at 15, 30 and 604ulses and 0.0ll3J/cm', respectively, comparing to 0.147
U/ml in control.

A little activation in invertase activity and specific activity was observed
using 0.0226J/cm2 at 15 pulses with a noticeable inhibition at 30 and 60pulse. The
values of invertase activity were 0.09, 0.04 and 0.03 U/ml at 15' 30 and 60 pulse,

in their respective order, comparing to 0.088 in control (figure 2iA). While the
values of invertase specific activity were 0.26, 0.11 and 0.08 at 15' 30 and 60
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Figure 2: Activity and specific activity of invertrse enzyme ofS. cerevisiae after

exposure to 0.0226 J/cm"fluence at 1064 nm wavelength.
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Figure (3) shows the elfect of lascr using 0'0339J/cm2 enerry density.
Invertase activities.wer6 incrersed at 15 and 30 pulses reaching to 0'12 and 0.11

U/ml, in their respective order, while the value of invertase activity was 0.08 at 30

pulses comparing to 0.088 U/ml in the control.- 
Figure 19 B illustrate the effect of 0.0339J/cm2 energr density on the

values of specific activity of invertase. A noticeable increase in the specific
activity value (0.24 U/mg) at l5 pulses, while at 30 and 60 pulses the values
reached to 0.16 and 0.19 U/mg in their respective order comparing to the control
(0.14 U/mg).

Flunce4.0g 39! /ct f ) per pulse

0,14
o,'t2
0,1

I o.oai o.oo
o,o{
0,02

control 15 30 60

Numberot pulsca

Ar Activity (U/ml).
Figure 3: Activity and specilic activity of invertase enzyme of S' cerevisiae after

exposure to.0.0339 J/cn'fluence at 1064 nm wavelength.

The obvious results show that maximum values of invertase activity and
specific activify reached to 0,12 U/ml and 0.24 U/mg respectively, at the dose of
lSpulses and 0.0339J/cm' fluence. Also the lower value of invertase activity and
specific activity reached to 0.03U/ml and 0.08 U/mg, respectively, at the dose of
60 pulses and 0.0226 Jlcm"fluence.

Results of the effect of Nd: YAG laser on the activity and specilic activity
of invertase are illustrated in figures (4, 5 and 6). In figures (4) A and B a

decrease in invertase activity and specific- activity was observed by using 20mJ
output energsi (with fluence = 0.0339 J/ cm'), at the three pulses 15' 30 and 60.

F laenc40. o226t/a# ) per pulse

0,16
0,14
Q,12
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€ s,oee 0.06

0,04
0,o2

o
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A: Activity (U/ml). B: Specific activity (U/mg).
Figure 4: Activity ind epecific^activity of invertase enzyme of S. cerevisiae after

exposure to 0.0113J/cm" fluence at 532 nm wavelenglh.
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Tbe values of invertase actiiltv reached to 0.008. 0.009 and 0.017 Uiml at
15,30 and 60pulses and fluence of 0.6113J/cm2, respectively, comparing to 0.088

Uiml for the control. The values of invertase specific activity reached to 0.03Ir
0.04 and 0,08 U/mg at 15, 30 and 60pulses and fluence of 0.0113J/cm'
respectively comparing to 0.147 U/ml in control.

The values of invertase activity were 0.027' 0.038 and 0.033 U/ml at 15,30
and 60 pulse, respectively, comparing to 0.088 in the control (frgure 5/A). While
the values were 0.06, 0.083 and 0.08 at 15, 30 and 60 pulse, respectively,
comparing to 0.14Ulmg in the control (figure 5/B).

o,oa

a 0.06

3. O.O4

o,02

control

o,o38

Numbarof Fubes

A: Activity (U/ml).

F tue nce(O,O2 2 6l/cnf ) pet pulse

o,16
o.14
o,12

G o.1
€ o,oe
3 0.06

o.04
o,02

Numterolguhes

aontrol 15

B: Specific activity (U/mg).

F I ue n celo. o 3 3 gt/crtf , per pu tse

o,16
o.14
o,12

€ o.os
3 0.06

o,04

control 15

B: Specific activity (U/mg).

Figure 5: Activity tnd Qpecilic activity of invertase enzyme of S. cerevisiae after
exposure to 0,4226 J/cm"fluence at 532 nm wavelength.

When 0.0339 J/cm2 enerry density was used, invertase activity and
specific activity values were inhibited at all three pulses. The values of invertase
activity were 0.019 at 15 pulses and 0.02 at 30; 0.022 U/ml at 60 pulses comparing
to 0.088 for the control (figure 6/A). Invertase specific activity values were 0.03,
0.036 and 0.04 U/mg at 15,30 and 60 pulses, respectively, comparing to 0.14Uimg
for the control (figure 6/ B).

F t ue nce ( O.Oe egl/ct* ) per pu lse
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A: Activity (U/ml).
Figure 6: Activity and specific activity of invertase enzyme of S. cerevisiae after

exposure to 0.0339 J/cm'fluence at 532 nm wavelength.

From the ahove 3esults, effect of Nd: YAG laser irradiation on protein
concentration has ieflected on the results of enzyme activity and specific activity
(production). Enzymes are considered to be secondary metabolite products and
the production occur in general at the eud of logarithmic phase and the
beginning of stationary phase (G6) throughout the cell cycle; i.e. after nutrients
starvation of the medium where the cell populations growth. Walker (30)
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mentioned that the cell cycle rrrest, at checkpoints in S. cerevisiae due to
nutrient starvation may be thought of as a survival mechanism under adverse
conditions, snd this induces a response that includes cessation of growth,
decreasing protein synthesis and an increase in the resistance to stress (30), In
term of invertase activity and specific activity, Myers et al. (19) hypothesized that
when glucose concentrftion became less than lo/o, the synthesis of invertrse
€nzyme increased at the level of transcription and trrnslation. Concentration of
glucose in the biomass production broth, was 2Yo ; this concentration will be
decreased gradually during progressing in cell growth and because of the effect
of Nd: YAG laser irradiation at 1046nm in increasing cell populations (total cell
number alter 24 hour) conparing to the population of irradiated at 532nm and
preirradiated one (control), the increasing in cell number resulting in glucose
starvation and then increasing in tbe activity and specific activity of invertase
enzyme as in figure (3 A and B) that showed the maximum value of invertase
activity was reached to 0.12Ulml and specific activity 0.24Ulmg of protein at
0.0339J/cm" fluence and 1064nm. Figure (Q repreEents the comparison among
the growth curves at both wavelengths (1064nn and 532nrr). It had noticed that
the volume of cell popuLrtion, after 24hour of incubation period after irradiation
with l064nm and 0.0339J/cmt, i. mo." than the cell population volumes at other
doses and at the srme and this

Figure 7: Growth curves ofS. cerevisiae after and before irradiation with l,=532
nm and 1064 nm.

A study by Tsivunchik (27) about the effect of Ar-laser found effect on the
level of a-amylase in dry grains was decreased as well as in germinated one, She
reported also a co;rtrarv result when He-Ne and YAG-laser were used. Such
effect is ditficult to be eiptained with the theory of light absorbancy because the
maximum of absorption of tr-amylase lies quit far away from wavelengths of the
lasers (20, 30). Tsivunchik (27) presented a probability to explain such results
were the factor of enz5rme activation can be conformational locations in space of
molecule structure (naniely alpha-amylase) under laser light; and mechanism of
this phenomenon is realized with the activation of genetic control systems of
metabolic processes in plant cells (29,28). This opinion may be true to explain
changing of ei-amylase level because the experiment was subjected to dry grain.
While in cise of experiment of this study, the effect of Nd: YAG laser was
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subjected to yeast cells that were irradiated and incubated for 24h in liquid
nutritive medium. In case of increasing in inverlase activity and speci{ic activity
was a result froir th! effect of laser at 1064nm wavelength that caused

decreasing in the generation time leading to produce a high population volume of
cells which compete to decrease the concentration of glucose to the threshold
concentration that trigger to invertase synthesis'

Inhibition of invertase activity and specific activity after irradiation with
532nm wavelength at all fluencies may be related to two allosteric reasons; First,
irradiation at visible wavelengths causes immediate acidification in cytoplasm
(rise of intracetlular Ht concentration), asa result of activation of the respiratory
chain, which controls allosterically the activity of Na*/H* antiporter situated in
the qtoplasmic membrane acting to rise again the intracellular pH (21' 32). This
alkalization causes inhibition in activity of invertase (the optimum pH for
invertase activity 4.5). These events occur as a result of activation ]9!ion_ ot
532nm wavelength to th:e respiratory chain. Secondly, the releasing ofOr 

' 
after

irradiation with 532nm, may interfere with the mechanisms of synthesis of this
enzyme at transcriptional and translational level; so the soluble form of invertase
will decrease in cytoplasm. Also, the partial dysfunction in ER-MT associations
and cytoskeleton as a result of laser irradiation effect may block the packing of
mature enzlme (targe molecule) to the plasma membrane where the enzyme

located (17).
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