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Abstract

Heavy metals such as mercury (Hg) can cause disturbances in the metabolic and phycoremediation activities of
microalgae. y-aminobutyric acid or GABA is a non-protein amino acid and has a signaling role that can regulate the
homeostasis of reactive oxygen species (ROS) under environmental stress. In this research, the effect of exogenous
GABA on the physiological responses of blue-green algae (cyanobacterium) Spirulina platensis under mercury
stress was investigated. HgCl, in 4 and 8 uM, and GABA in 2 and 4 mM, individually and as a combined treatment,
were applied to the microalgal cell suspensions for 48 hours. Then, the indices; dry weight, chlorophyll a,
carotenoid, phycobilins, phenol, carbohydrate, protein, malondialdehyde, and polyphenol oxidase and peroxidase
activities were evaluated. HgCl, treatment (individually) decreased dry weight, chlorophyll a, carotenoid,
phycoerythrin, phenol, carbohydrate and protein compared to those in control and increased the level of lipid
peroxidation and the activities of polyphenol oxidase and peroxidase enzymes. Single treatment of GABA increased
dry weight, phycobilin, phenol, malondialdehyde, protein and enzyme activity. But the combined treatments (GABA
+ HgCl,) improved most of the physiological indices. HgCl, treatment in one or both concentrations caused a
negative effect on the physiological indicators of Spirulina platensis and decreased metabolites such as phenol and
proteins, but GABA treatment in most cases reduced the negative effects of mercury and improved the indices.
According to the literature, Hg toxicity can be caused by disrupting the biosynthesis of photosynthetic pigments and
the activity of enzymes and the occurrence of oxidative stress. While, exogenous GABA can improve the metabolic
and physiological cell condition as a signaling molecule through the occurrence of some intracellular events.
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Introduction

Spirulina platensis is a filamentous multicellular blue-green alga and one of the most important
studied microorganisms due to its nutritional value and presence of bioactive compounds. This microalga
has also been studied intensely because of its valuable biotechnological qualities. Spirulina is also
important in metal pollutant removal studies. Heavy metal Hg*? can have adverse effects on the
environment and living organisms. Although, microalgae can play a role in the removal of metals, but
depending on the chemical properties of heavy metals, high concentrations of metal can disrupt the
metabolic and phycoremediation activities of microalga and cause its death. y-aminobutyric acid or
GABA is a non-protein amino acid that is widely present in microorganisms, animals and plants and
intervenes as a signaling molecule in various biotic and abiotic stresses. Considering that exogenous
GABA can regulate the homeostasis of reactive oxygen species in microalgae under environmental stress,
and that heavy metal stress stimulates more GABA production compared to drought, salinity and high
temperature stresses, and also due to the lack of sufficient information on the effect of GABA on
microalgae under metal stress, therefore, the effect of exogenous GABA was investigated on the
physiological responses of S. platensis microalga under Hg*? stress. In addition, the possibility of
increasing biomass and some algal metabolites, such as protein, carbohydrates and photosynthetic
pigments (chlorophyll a, total carotenoids, phycocyanin, allophycocyanin and phycoerythrin) in samples
without Hg*? pollution (those will be treated only with GABA), was considered.

Materials and Methods

Zarrouk nutrient medium was prepared aseptically in the Erlenmeyer flasks for the culture and growth
of microalgae. Treatment of mercury chloride (HgCl,) were applied in the concentrations 4 (4H) and 8
(8H) uM and treatment of GABA was used in concentrations 2 (2G) and 4 (4G) mM, individually and in
a combined form; i.e. HgCl; + GABA and (4H+2G, 4H+4G, 8H+2G, 8H+4G) to the microalgal cell
suspensions. Samples without HgCl, and/or without GABA were considered as controls. Then all samples
were placed in controlled conditions of 100 umol m™ s, 16/8 h of light/darkness and at a temperature of
25 £ 2 °C. Treatments were applied during 48 h and sampling and measurement of indicators were done
after this time. Various physiological and biochemical parameters were evaluated, which were including;
dry weight, chlorophyll a, total carotenoids, phycobilins, phenol, total soluble carbohydrates, total soluble
protein, malondialdehyde contents, and polyphenol oxidase and peroxidase activities.

Results

Examining the results of physiological indices evaluation of Spirulina after treatment with HgCl.
(alone) showed a decrease in dry weight, chlorophyll a, carotenoid, phycoerythrin, phenol, total soluble
carbohydrate and protein compared to the control, and an increase in the amount of malondialdehyde and
the antioxidant enzyme activities of polyphenol oxidase and peroxidase. Treatment with GABA in one or
both concentrations increased the amount of dry weight, phycocyanin, allophycocyanin and
phycoerythrin, phenol, malondialdehyde, protein and the activity of antioxidant enzymes. But the
combined treatment of GABA and HgCl, improved most of the indices, compared to the Spirulina treated
by HgCl; or control (or both).

Discussion

The obtained results showed that HgCl, decreased the dry weight of Spirulina and GABA treatment
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caused a slight increase in dry weight (Fig. 1). Some researchers reported that HgCl. is able to reduce the
number of algal cells Botryococcus braunii and inhibit their growth. The content of photosynthetic
pigments chlorophyll a and total carotenoids were negatively affected by separate treatments of HgCl,
and GABA (Figures 2A, B). While, combined treatments (H+G), often did not cause a decrease, or under
certain conditions, even caused slight increases. It has been observed that exposure to HgCl. can inhibit
the biosynthesis of chlorophyll a by replacing the central magnesium. But, depending on the stress
conditions, GABA can improve the situation of the cell by reducing or increasing the photosynthetic
pigments. The pattern of increasing and decreasing phycobilins under HgCl, and GABA treatments were
not similar to each other and phycoerythrin often decreased and allophycocyanin and phycocyanin
showed an increasing trend in this regard (Fig. 3A, B, C). Some scientists showed that the binding of
different metals to each of the phycobilin pigments happens in a different way and with a different
affinity. The effect of GABA was observed as an increase in phycobilins (Fig. 3). According to the
literature, GABA increases nitrogen absorption and protein and phycobilin production by stimulating the
activity and gene expression of nitrogen metabolism enzymes. Although the content of phenolic
compounds decreased due to HgCl; treatment, both concentrations of 2 and 4 uM GABA caused increase
in these compounds (Fig. A4). There are some reports of the stimulating effect of exogenous GABA on
the production of phenols under stress conditions and increasing the antioxidant potential in plants. A
decrease in the amount of soluble carbohydrates in Spirulina was observed under the influence of HgCl.
and GABA stress (Fig. 4B). According to the literature, the decrease in the carbohydrate content of cells
under cadmium stress can be because of the possible inhibition of carbon metabolism due to the
interaction of cadmium with the active sites of essential enzymes. The malondialdehyde level increased in
all treatments compared to the control (Fig. A5) and was higher in HgCl, treatments without GABA than
in the other treatments. By binding to chloroplasts, HgCl, can affect photosynthesis and cause the
production of ROS. Exogenous GABA can stimulate the production of endogenous GABA and it seems
that during the first hours of treatment, it causes signaling and some intracellular events that may disturb
the balance of ROS. The activity of peroxidase enzymes were increased almost in most cases of HgCl.
and GABA treatment (Fig. 5C). According to the literature, the exogenous GABA can induce the activity
of catalase, peroxidase and superoxide dismutase antioxidant enzymes.

Conclusion

In general, our results indicated the negative effects of mercury chloride on the cyanobacterium
Spirulina platensis during the first 48 hours of stress, which were appeared in the form of rising in lipid
membrane peroxidation and decreasing the amount of important cell metabolites (e.g. carbohydrates,
proteins and photosynthetic pigments). At the same time, GABA improved physiological Spirulina
indices at the presence of HgCl,. GABA treatment in the absence of mercury caused the stimulation of the
algal oxidant/antioxidant system. This can implies occurrence of a series of events during the early hours
of stress which are related to the GABA's signaling effect and changes in cellular metabolism. According
to the literature, a stimulated increase in endogenous GABA can also be happened quickly in treated cells
with exogenous GABA, which can be resulted in a series of events and intracellular signaling cascades
for adaptation to the new conditions.

http://dx.doi.org/10.22108/BJM.2024.140440.1580



https://doi.org/10.22108/bjm.2024.140440.1580

(950 (gl
YO\ \F Y O UL«..’.IA Lv.ﬁ)}:w dl.w

VEYAYIYS iy et VECY/N YO (5L 55 b

‘5&1&}}; Jlas

*HOCl2 5 Sl g 33 ¢ puatiS b3 poewl &5 59091 309 Sl  GABA 156

valizadeh.sa@fs.Iu.ac.ir ol 51 slTp = ol J ol cp e 5Ll ¢ ALE (6505 58 ¢ sty 03,5 (65575 (6 gl 0305 J9 ke
madadkar.mM@IU.aC.ir o1, esloTp st ol Y oltils e sl 3a8tils ¢ ALE (555 pr 5 ¢ ol 05,5 Lty * g2 > 80 w50
o>

gt LSl s Sen oV s 5 gmd e (ol s I 55 2 o il 5 e (HO) 05 ol 8 6
b 1501 (55l gt S5 o o Sl I 25 (5ol 5 (55 1 8 T ol 5 UL ol &5 5 5Ty
T e S S5 5 sy 2 05581 GUE Gl 55 ST it aome (gla 25 53 1,70 55
5¥505 KA 5 ¥ G BIE )3 0 g LIS b gy OT OB )3 50 g 25 Cond e Ly o] (ST i)
SLA0 gl o g ool PA Sos i s e Doy gty 35 53 e Sy oy ¥ g Jun B 5 Y ol s LS
(D pen 25 5 el by 805 5 5587 @ s ST (Sl 05 (sl st L e ik Lol Sl 5 oo 5k
WSt 055 65 ite ) sba) o g s ik ot S ) 5 SIS 5y slac e 5 wadlTies Ol s
5 o Ol y e 5 Rl als & i 1) (85 2 5 Dot S ¢ 5 (o 2 1S 555,80 J35 )57
OPIe ¢ b ¢ 5500 oS it 035 (LB 5 e jlas als tal 3301 SIS 5 5lanSTT s L Lo 5T ol
1 &S5 5 slaas s iy (o g + LE) (il (slajles Lol 63l 2l 311y b 5T Cdlab 5 055 cta T
S5 sl e ls o it S5 dlesl s odd 03, )15 4 SlE 93 2 L K )3 0pr Hlad Aididn 3
it SUT s o 3l s 53 UE s Ll b a5 g 0 5 5 lis ol plin 2alS 5 Sl L5 !
5 S5 5 SLaailaSS ) w53 N 3o J sty L5 0 05 S ulin ol kb La b 5 5ngs 5 05
(IS I 5S0 g0 0, Ol ity Ll 5 o 03551 U o oy 6l 55108 25 550 5 Unger 5T b 0357 e
b s 655 5 5 md e Conds 3 s o JShe0555 w65 (F i f B5 b

o 5 ¢kt 5 (B gl ¢ T = o S R 6 5 Gl (S0 31

*QL;LQ- J s bk 5
OFY 9 (ol Cong HOCk. (25 Ll 5 53 ¢ Ny W ol 55 505 58 lagenly 2 GABA 36 . o s G JST5uke b o3l Js
http://dx.doi.org/10.22108/BIM.2024.140440.1580 .¥&-) :(8+) \¥

COOG

This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/). meJ

3060-7647/ © 2024 The Authors



mailto:m.madadkar.m@lu.ac.ir
https://doi.org/10.22108/bjm.2024.140440.1580
https://portal.issn.org/resource/ISSN/3060-7647
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-8007-5111

5 i e o n 5 035 ds Lo / HOC 2 25 Ll 15 53 ¢ e L ool 55 3155 lagely » GABA s

(AT odtdadzo oy o Conl e (HY'?) (Stns
5 Sl G T oo 15 6355 JESU st 5 s
23 3 S 3 e sk Sl
OV @)l pand 65T O il slad b

5 e I8 e s 515 S S
OLis Sl (Jl- ol b sdisl adls 2 o7 oo
(o D glard ol a5 L s o
o sl ol il 5 o DI 5L slac bl
Sl go 5 48 Hlga |y &Sl b SY4 S5
calaly opl s .(W),u,ﬂrh\)é\,&flw;:ﬂaff
W5 5 58| 25 S o e S DI 25
Lt o 3 G 5 5l b 05T 5
S5 P50 by HalS 5 Laws 5T lgs ¢ Jslw
el ol 53 (VF AT 50 5 e Jpane 2
ol s e yls I 2 1S o lad ST e
LS ()b S DI i Ll 53 1 s il
(V7 00) diidey 35 |y Cords 5

T el S P Ll 05 ey
pes 8 sy ba e Sl s
335033525 OLalE 5 0l sl dlap sl S
PRESVERY PSP O PN PTG
L& (@Bl52 (V) S e Cllts Gl 5
Lo L 8w 308 gkl a8 5 S
Olallles sl sladlw b s OA) cnl s
b dilg e 55 UE ol a8 Slesls ot (& 3dae
o ] ol 53 Lad s 1 Calibes sla 53,
Sk b (Ko L 45 Sl ¢ p51S |
o3lizal Wlesls Ol (6 55 Slads .(14) w8 ¢SS
50353 GLE o Ll 5 005551 &) soas LE

5SS ol 5 s (Rl 05500 L

.

doio
oS 5 b (glagudlS 15 S claeSler 5 e
sl Ohdoa s Sl s ) i 1o Sl
3mSR 53 OS2 Olseay oa otz (.
313 el 5| AUt sLads Oy o

Y PV | e DT Ay e =,
(S S DI ol L ke sl el S
23 o B (2T Gt ST 51 A 5 055 20
S T ey ol (V) A5 5 By adkas
s 5 ol o b Sl 5 (2T = o Sl
S edled Sy DS 5 gy 55k oldE 35
Cals (sladin jl odbanlllan wgo (slaeSil 5 S
palie ghyls Ly ) (F) Sl gl w5
VO-Y0) Sl e S c(-\.p; OO-V+) 59 (s3L 3
(Aez 33 YA) (559 b o Sl ((Up s
@ Jds 1S b SalaSS) 5 Sume 3l g cla el g
rosde (7 @) Sl by (o oS 5 o 555,18
6 Lo VT VL Sladlas 5 Ly el )
3905 033 femne oo | el Cenl Bl
b ST gl (s o e sk Jot1s 4 56 51 oy
Jomr e glod oo Gloos, 8 5 p cpils Joe
e S5 5 e §La0 35S 5 (6l Sl
Lo Sl O (el ol G b5 5 A
e 505 8 51 (HY) 05 (A V) S o ol
D3 g g0 g S L 1 o Mool SIS 5
wle gxinol b slac e (A) 5,108 e 0T oS
(S Loty 5 Kadle5) o s G|
Sl 56 5 65,5LiS 5o La iS5 Sl ealisal
04 Ol e pu_,. ol P (Cas y3 04 (Sl

chLﬁTéuW;‘)b.(\')ﬁchﬁdﬁh?w

http://dx.doi.org/10.22108/BJM.2024.140440.1580



https://doi.org/10.22108/bjm.2024.140440.1580

VEF e opled e s o i 0 Son (ol

(V849) 6575415 (gidie S Jases 1 0T 28 (6l
o S 5 S (sl palie YY) Ui oslinul
W0 S Iy JUsl eds o ! Ls,:g;» YO. sla )yl
(BH)A 5 (AH) F clacbale 13" oy IS les

¥ 5 (26) ¥ slacble 53 LE jLeg 5 ;¥ 505 S
)i 75 9 e S gty S a Y e La(4G)
HICL) LE osdeas o g 1o IS (g1l 0l b il

(4H+2G, 4H+4G, 8H+2G, 8H+4G) «(GABA +
s Jlas! Sl 5 Ko Sl O penilv g 4

53l Ol gea LE 136 5o g L IS M3 (glad gui
plomil 5SS a3 Lad g 3T plas i s S L
2 osbiman 5 05T po,b 5 J8 adiges 5 8 8
Ll i s dCelw FA s ) psylas b
R R 05 B dses S\t g5 et d 1S
VF 35 5 Lol S sl am s YOEY (las 5 asl
A enls 5,5 LU Sl 5 oliss, cela
Lo se3T ol o g L IS sdioslizal gl bale
oSS U« s Ol gl S Sledie
Slestiul U LE glaclale 5 uausl amdly Ly o
ol FA I e ol OBl (YO-YY) OV &
A e oSS g 50 sl e Li o asles
G055 DS 5 el 2l il ) st
2 s s ke e i Sy S
Loy S g o 5 Skt S S gl
e S -5 SONIC 4D Juke) | 51555 g o
Ar S 5 3 s 0 Sde 4s 45 0 (Ol
b il

835 S eiMal (ol 1S 959 AR
i S gl g S (5K ol Sl S

Sl 9 b 50 e WO g 55 4ids VO S

5 oS W S O e i J S5
Js > o L5 gy gie 43 65—l A 5
il 5 5 SN ST e 65 25 T
P 1ly L;um-_;T 05515 8 () ST
I 1) e gosl 5 05506 588 6 a3 dnST g

A5 bl 8 515 UE e 3 LELOA) S

4 35l 5 e (Dl s 4 S lgi s 5 555 o0
et 33 15 0 U (ol ol 63 55 o s S
() Asl Jas e 035 528 5 05 kol (S sle
Sk pon Ll 0 05351 GLE Sl 4 e 5 L
2oy el s Sn 53 0S| Jlnb slaas &
ol odalin 5o 5 (10) UST G lal s 5 b Sl 2
505 S (K Sl s S
s S a5 bl 5 US

L Jlal o saias0lis a5 (Y1) 355 0 (5555

DL 0355 oay o 5 ol 25 b ablie 3
2 la s o LE Ui )s LS
72 035551 LB SU ) e S
Lo 3 el S Sn S5 5 55 lapaly
5 G ol S s o A5 o i
s r 5 s Sl el oo 25 8
5Oy S (oS S diad ol OLS 5
S5 e o g SanVT L6 slad yos 53 alaSS,

i aal Gl LWL LS s 8

b w95 9 3lge
S. platensis <> culs” taxe (6 jlwodkeT
Sys0 ot slse (G cpl ya B lod 14k 9
L el S o 5 Sn kST s 4 (510 5L

5N g L& 58S e (S 5 I e

http://dx.doi.org/10.22108/BJM.2024.140440.1580



https://doi.org/10.22108/bjm.2024.140440.1580

v i e o n 5 035 ds Lo / HOC 2 25 Ll 15 53 ¢ e L ool 55 3155 lagely » GABA s

Ld(Car) JS 555,85 5 (Chla) a Jb, k8
by el 5 o s 3 palls J sl Sl eslinul
s Lo 5 Lads gos oo (TV) ik ol s
oS = Epoch Ju) J<Al_>-_%9 e g g 7Sl
VY 5890 Ve slaz oo Job o (0SSl ST s

LoLY LY 5 el mhaw (28 Lo Bl
i Gl ey 5 A el pimd b L g T
Sbe g edaTluwsay 5 plose (g3 slons JolS
5T s 518 e doys 80 glos y> celu YF

ol i 035 s (p)sS e 5 S

5 ey 3l e3lial b s e o 0l g5 20 il .(W)u@j;f;;@zﬁﬁpf&
s &) 505508 e 0 8 5 Sn o Sl 1Sy gd (S LIS ) jiomius
Chl a=12.9447 (Asss-A720) \ il
Car = [1000 (As7o-A720)-2.86 (Chl a)]/221 Y o,

o Sl eslizal L e 5 OFY 5 5OV $10 sz s
Lo e 53 s il ¢ (Sl 47 a8 5 2S5
e gt p3lie 5 (Y2) s oLl # 5 ¥ Loy 3ob

.&Mﬁ‘)‘dﬁiﬁ-dj) C)fffjfgsl?‘

BYS-IPERRIW NP ot | W LR R PRgve SEw

Uyl 533 g g0 (SLp ok 5SG O5n (6,8 o510
OSan 5" ilysn sy bl &IUSS ) £ e
plosl &Sl 5 Se St b 3l e3linal L (Y1Y)

J}_b BE OJL&&J;\_‘{- Q.Xa‘?)‘ W(&)u

Phycocyanin (C-PC) = {As15 — (0.474 xAes2)} /5.34 ¥ b,
Allophycocyanin (APC) = {Ags2 — (0.208 xAs15)} /5.09 F b,
Phycoerythrin (PE) = {Ass2 - (2.41x% PC) - (0.849 x APC)} /9.62 O abal,

Total phycobiliprotein= PC + APC + PE

5 ot 1 Jaome Slshagr v

0 55 ool ko O il s 03,575 s Sl
(=9 Jsdoe Al 9 (48310 Sde a) VYO
(LAl O gl 1l daalaSSy 1 Cod ) glatens
(F1) s Ll 5y S 130 e s 5 03l
S i Lo o A 01 s el dls sy
Iodome 5 dd 05508 oS53 5 &S5 g = g3 — 38
) b 90 d e ki S ey S sk Sl
3 oy 348 05 e JSUT L 805 L ssle L
Lo (om0 mlbe G Bl 5l =SS
e bt bbb |5 o e Sl odeTowsty J glome

$ alal,

Lo Sleslial b |3 (g5l o jlas 1 8 pmiw
a0 S g 5 S5 plamil 3l ey Saie OT 5 ST
a3 A (L) gyl 53 0I5yl 8 5 adds b s
3 g o gl (s Ve e 4o, S S
Dl S Jsdome o 58 O e L Lad gl 05 S b sl
Bs STy b gas ek 3l T 4 Lo ys ¥ ol
SO GUT les 53 5 LU ps el ) S as s
L e sl VED C}_ﬂd).b)}g..).:\_q-c)‘}_:ﬁ.(r').ﬁu
e Sl o bl (Salr 47 e 5 S o
b ylie 5 s ealinal sl SSUE 15 )1kl oo
bl oS 03508 1 p 8 r

http://dx.doi.org/10.22108/BJM.2024.140440.1580



https://doi.org/10.22108/bjm.2024.140440.1580

VEF e opled e s o i 0 Son (ol

50305 ele g Sl eslinul Ly (6 8o )Las (FF)
Al 655 )55 (53 0 el Sl IS 5
le_acj_a Jsb 5o b sl Od Al Cleu" Loy o /0
49 e g g 2SSl s U e gi 900 5 OYY (FO-
adlT6 0 Ile Ol e duwloes 5 b 0kil g5 Sl
2 d5ms Son oy p3lie 25 5 bl V e G

s I 50 (}f

S o Al b 2S5 BV 09 5T 25 3ok
Jsb 53 oda Ol (YY) Ui i (Uep 5 VY)
(Sal 45 g5 2Kl ol8s b e 5L YO - e
fjt_;;,_ifj\s,wt_w\@arwd\”a.u\,s

s oslial
TS WPV YT VO X VWK 4 BYRIS) SV QL - S
AadlT6s 0o Ol e ol 2 (Sd O sl

i oLy (V489) 0, SKea 5 Timls Sy bowy

MAD= 6.45 x (A532 — A600) — 0.56 x A450 YV dal,

3 N pae b Sl L3S 5 5T
Il i g A oslinad J¥5n o Vo r ks IS
)(W)(mr)th_(u)w,\_;ﬂ)u:”wuﬁﬁﬁ
A el e SUFNY o g0 U5k 5o b s O U1
Pl HLSSF s e le3T ples 1 ST o

S5 (ANOVA) byl 50T Cow beesls 5 s
23 S 0 503T G b laesls (o Kibke i i S
ST (s 6l 5 Lol P <2/ 0 Jlaz| eba

i 03lizal V9 ei SPSS 1 le i 5l s

el
Laesls il yly Jdows 5 edn T wsas =l
Glasles ool s ool Sl 31 03 g0yl sma sdias LS
glapasls o (P< /) oy a5 5 LE
ol oD L g o] S 5 S 0 55

LY Y Jolas)

wlas 4 sl S Jokore (9 g aomhe
9 & ol gy Wl Tricine-KOH
S5 e 5 esliul (FF) (V4AA) T ) S
Jsb 55 (F0) (VaVE) s, o5l s gy bl s J sl
05 3 5 o p gl b i e 56 04D = e
o315 3 s B8 IS 5 05505 s
A eslital 5 ,lukal Ol gea g o€

9 = Sty Sl 3T cullsd ioxiu
T i (81 (6 S oslaas ™l S
A el (V48A) Cn d 87 5 a5 40 SlinST]
40 503 595 S gl Asl 5 93— 5 b Sl e 5
Fsles 5I¥0 G55 5 Sl I oy it ol
=T Cdlad (aida 10 e a5, 8 Sl as
FoSUR 2 b s P8 5 Sl eslizal b 5lunST
ol YRV MMM i el b 3l ealizal b

http://dx.doi.org/10.22108/BJM.2024.140440.1580



https://doi.org/10.22108/bjm.2024.140440.1580

i e o m 5 0305 ds Lo / HOC 2 25 sl 1 s ¢ e L ool 655 3 50528 gl » GABA I

F o NLE Calitne Gl b 5l 1 g Dl Loy S 5 Sn 605 358 o ls wilsls 4 ) s
5 AN S (ol S IT ol S5 IS 555,087 0@ 3 IS (e 035 40 505 Sen A 5 F) 05 IS 5 (Y o Lo

Table 1- Variance analysis of physiological indices of S. platensis microalga after treatment by
different concentrations of GABA (2 and 4 mM) and HgCl: (4 and 8 uM); Dry weight, Chlorophyll a,

Phycocyanin, Allophycocyanin, Phycoerythrin and Total Phycobilin.
R . . | Mgl . 39 0 &
2GS | bl | il gy a Js -
g RS | plwggll | (bwass g L2 ST | O
oYY ors™ VY/FON™ VEFIAFS™ Fo/V 5 v Wiradl Vsl q Sl
x Va7 x )
Y /ey R s /eY¥ B/NVAAx 7 A
£Y ¥/+0A
YV Js

s (Gl3 e pde 5 o3 V50 Jletsl e 53 (6l5 e S SOL S ns o ** *

F V) UE Calitee (o Ble U 5lad 51 g et g ol S 5 S S35 50 58 (sla sl bl 4 s =Y Uik

.j‘w‘ﬂjj‘%ﬁ\&é&‘sbﬁ‘}ﬂﬁ,.:“:é‘g..L:.Au\.ST&bQ)Mscaﬂjﬁca‘)dfﬁﬁ;c‘)if()yjsj&/\j\c) 0 gu> -Lljlf‘g()\j}s&n
Table 2- Variance analysis of physiological indices of S. platensis microalga after treatment by
different concentrations of GABA (2 and 4 mM) and HgCl; (4 and 8 uM); Phenol, Carbohydrate,
Protein, Malondialdehyde, Polyphenol oxidase and Peroxidase enzyme activities.
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Figure 1- Dry biomass of S. platensis microalga after treatment by different concentrations of
GABA (G, 2 and 4 mM) and HgCl; (H, 4 and 8 uM), both individually and combined. Data is the
average of three replicates=SD, and different letters indicate significant differences based on Duncan's

test at p<0.05.
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Figure 2- Chl a and total Carotenoid contents of S. platensis microalga after treatment by different
concentrations of GABA (G, 2 and 4 mM) and HgCl; (H, 4 and 8 uM), both individually and combined.

Data is the average of three replicates+SD, and different letters indicate significant differences based on
Duncan's test at p<0.05.
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Figure 3- The content of Phycocyanin (A), Al
Phycobilin (D) of S. platensis microalga after treatment by different concentrations of GABA (G, 2 and

4 mM) and HgCl, (H, 4 and 8 pM), both individually and combined. Data is the average of three
replicates=SD, and different letters indicate significant differences based on Duncan's test at p<0.05.
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Figure 4- The content of Phenol (A), total soluble carbohydrate (B) and Protein (C) of S. platensis
microalga after treatment by different concentrations of GABA (G, 2 and 4 mM) and HgCl, (H, 4 and 8

K1M), both individually and combined. Data is the average of three replicates+SD, and different letters
indicate significant differences based on Duncan's test at p<0.05.
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Figure 5- The content of Malondialdehyde (A), Polyphenol oxidase enzyme activity (B) and
Peroxidase enzyme activity (C) of S. platensis microalga after treatment by different concentrations of

GABA (G, 2 and 4 mM) and HgCl, (H, 4 and 8 pM), both individually and combined. Data is the

average of three replicates+SD, and different letters indicate significant differences based on Duncan's

test at p<0.05.
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