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Abstract

Introduction: The production of exopolysaccharides (EPS) by cyanobacteria in response to
heavy metal stress is one of the important features of these microorganisms in the biological
treatment of polluted waters. Cyanobacteria, as valuable resources in the production of
exopolysaccharides, have distinctive features compared to other bacteria. These compounds are
composed of a large number of different monosaccharides, most of which are polymers with
6-13 different sugars, which is in contrast to the polymers produced by other bacteria and
microalgae. Also, the exopolysaccharides of cyanobacteria usually contain two different uronic
acids (glucuronic and galacturonic acid) and sulfate groups, which are not common in the
exopolysaccharides of other bacteria. As a result, these properties make the exopolysaccharides
of cyanobacteria very suitable for biotechnological applications such as removing heavy metals
from polluted water or thickening or emulsifying agents. The presence of negative charges
(urea acids) in the exopolysaccharides of cyanobacteria, which play an important role in the
absorption of metal cations, is a potentially beneficial phenomenon for water purification. In this
research, the ability of two soil and freshwater cyanobacteria, Nostoc punensis and
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Neowestiellopsis persica A1387, to remove heavy metals such as chromium, nickel, and copper
has been investigated.

Materials and Methods: The strains of Nostoc punensis and Neowestiellopsis Persica A1387
cyanobacteria used in this research were obtained from the cyanobacteria culture collection of
Azad University, Science and Research Unit, Cyanobacteria Culture Collection (CCC). After the
inoculation of heavy metals such as copper, chromium, and nickel, the concentrations of
exopolysaccharide content, protein content, and carbohydrate produced by the two strains were
investigated and compared with the control. In addition, GC-MS and FT-IR were used to check
the amount of effective volatile compounds and functional groups involved in the removal of
heavy metals.

Results

The effect of metals on dry weight and concentration of exopolysaccharides in a
cyanobacterial strain: Nostoc punensis was more sensitive to metal treatments and had a lower
cell dry weight. The concentration of exopolysaccharide produced by Neowestiellopsis persica
A1387 was higher than that of Nostoc punensis and produced more in a fixed time.

The effect of protein and carbohydrate content on the removal of heavy metals: The results
showed that the cyanobacterium Nostoc punensis was the superior strain in protein production,
and the Neowestiellopsis Persica A1387 was the superior strain for carbohydrate production.

The results of the removal of heavy metals in the liquid culture of cyanobacteria strains:
The results showed that the cyanobacterium Neowestiellopsis Persica A1387 was the superior
strain in removing metals, and at a fixed time, it removed more metals compared to the
cyanobacterium Nostoc punensis.

The results of GC-MS studies of cyanobacterial strains: The results of GC-MS studies showed
that the highest frequency of volatile compounds Butanal, Acetic acid ethyl ester,
2-Phenylethanol, and 2,4-Hexadienal were found in the cyanobacterium Neowestiellopsis Persica
A1387 in treatment with nickel.

The results of examining exopolysaccharides using the FT-IR method: The results of FTIR
showed that in the regions of 405 cm-1, 575 cm-1 and 813-920 cm-1 peaks were found in
connection with C-N and carbonyl (C=0) bending groups, which were observed only when
exposed to heavy metals.

Discussion and Conclusion: The final result of this study showed that the highest amount of cell
dry weight in the control was related to Nostoc sp., but in the face of heavy metals, the
Neowestiellopsis Persica A1387 strain had the highest cell dry weight in nickel and chromium
metals. On the other hand, the highest amount of exopolysaccharide, carbohydrate, and protein in
the control is related to the Neowestiellopsis Persica A1387 strain, but when faced with heavy
metals, the Neowestiellopsis Persica A1387 strain had the highest amount of exopolysaccharide,
carbohydrate, and protein in nickel metal. A study of heavy metal absorption by atoms also
showed that the Neowestiellopsis Persica A1387 strain removed nickel metal more quickly than
the Nostoc punensis strain in the first ten minutes. The results of Raman and Fourier transform
spectroscopy techniques in this research showed that the cyanobacterium Neowestiellopsis
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Persica A1387 showed more resistance than the cyanobacterium Nostoc punensis to metal
treatments. The superior strain for removing heavy metals was the cyanobacterium
Neowestiellopsis Persica A1387. Regarding the cyanobacterium Neowestiellopsis Persica
A1387, a peak was seen in the region of 405 cm™ of the control strain, which was related to the
C-N bending group. This peak was found only in the strain treated with copper. In the region of
575 cm* of the control strain and the strains treated with chromium and nickel, a peak related to
the carbonyl bending group (C=0) was observed, but this peak was changed in the strain treated
with copper. The peaks in the range of 1000 cm™ are related to C-O groups of polysaccharide and
sugar skeleton, which were seen in all treatments of Neowestiellopsis persica A1387 and the
control strain. The peaks of the strain treated with copper in the range of 1115-1048 cm-1 were
related to the strong pull of POs* and NHs*, which is related to the sugar skeleton and anomeric
C-O-C and C-O groups of sugars. In the regions of 1654 cm™ and 2935 cm?, the peak
corresponding to the stretching carbonyl group and stretching N-H and OH did not show any
changes.

Key words: Neowestiellopsis Persica A1387, Nostoc Punensis, Heavy Metals;
Exopolysaccharide; Biological Removal; Bioaccumulation
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Fig 1 - The results of the effect of heavy metals chromium, nickel and copper on A) cell dry weight and
B) concentration of exopolysaccharides among two cyanobacteria Neowestiellopsis Persica A1387 (black columns)
and Nostoc punensis (white columns) at 12, 24 and 48 hours. Different letters indicate significant differences

between strains.
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Table 1- Comparison of GC/MS results obtained from the control strain and treatment of cyanobacterium Ne-
owestiellopsis Persica A1387 by copper, nickel and chromium metals

. Abundance (% .
Peaks IDs RTMIN) I Control T Cr () C(u ()u) Ni (I1) el
Butanal 0/+0 AIVYA VIAYY VYR Ve /Fre Sl S e s
Acetic acid methyl ester v/ Y VY/F4) \F/o X7 RYARNS \Y/AMMA Sl s sl 5o
Acetic acid ethyl ester v/¥a 7/ F¥ AR F/vab V/#YY Sl J{.d sles
2-Butanone A/YO Y/XOF b/Yay Yo% Y/0VA Sl
2-Pentanone AIAD AL AYAS AAAD IZANAN ui.alfdig)u.; BE
Ethanol /7 Y/YOF F/VFY o/vVON \ARY: Sl S s o
Acetic acid, 3-methylbutyl ester A Y/V Y/EA O/« $A Y/OFY Sl S s o
1-Butanol \Y/AY O/AA Y/vY$ digd AVAIYN ol e e s
1,3-di methyl benzene \F/PA F/YYY Y/IAD Y/¥\YF \TARA Sals
3-Methyl-1-butanol \0/2Y Y/048 V7974 Y/YEV \/08 Sals
3-Hydroxy-2-Butanone \V/YO 117444 \RVARYS V/AND AAVARN% Sals
2-Decanone 14/ Y/AS¥ 1/0A4 F/vr4 Y/.ag oA s S s s
2 4-Hexadienal 14/01 F/MF FIVYY AAY 4/0v A s S s s
Acetic acid ARWN VV/AYE 1Y/¥V4 \RVi4s AIAY oAl e S sl s
Benzaldehyde Y/AY F/VE /Y8 Y704 \7AAN Sl
Tetradecanal YA/XY AvA\nd Z/vYY fIve O/0F0 Sl
2-Phenylethanol YA/FF Y/¥a8 \Ya% \/® Y/AVY Sl S e s
4-Octan-3-one AEVAR \/¥eF V/¥YY AL /Y0 ol s S s

b 53 &S opl Ll 6 s stalin (C=0) i s S
¢l posde 3 odd Sl i Hlars e Lol b les
4w gl p L oSG ¥ AV-AYemT L asb s
S5 9 oyl 53 a8 LAd odalive s Lol i )les
@ bgye Verr oM oo gla ¢S L S5
S Wlgus ISl 5 b 8L L C-0 slaoy S
Oroped g o 0> IS 4 s 5 Lasled den 5o
G815 0L 5 slaw 5 il Soslis oS
SANOCM™? 350 55 e Lol ijles 4 5w S,
s PO g8 iS4 by, dS sl Vo FA
3 SISl 4y b gy e V000 eMT S Ll NH5*

L lhu\g‘)lfud.;g}?l =)y 3 J—al’ @l’é
FT-IR 75 ¢ g 555 61 FT-IR (595 5 o3kl

Neowestiellopsis (s SL sl 458 53 &l
Js—2> > Nostoc punensis 5 Persica A1387
JAS 05,8 4 JSG 5 et i3S K
S Ll bl 53 s s lie (Ol U31)
cm? 4>L ,s Neowestiellopsis Persica A1387
03,8 42 Loy o oS 555 gn 0> Sy S 4 e F1D
o sled 4 g 55 Laid ¢Sy pl Lol ¢l C-N e
et O Sy ol ol 53 5 0 Z5L e L
by 5 S 4w dVOCMT a4l s .Cul
s 055 4 by e 6 IS 5 058 Lokt jles

http://dx.doi.org/10.22108/bjm.2022.134937.1489



http://dx.doi.org/10.22108/bjm.2022.134937.1489

AAn

S Dl S5 5 e a8 S Lokl
4 e 53 L DL I ST 4 g b aslie 53 )
Lo ¢Sy S AVF CM 4l 55 s Lot jlas
038 5 G SIEP sy 40 by e oS S stalis
33 h g g 3 opl oDl .l COZ” ele
sNHs Jole 055 & Lbgye 5 WYY em? s
4l ol s edalin Ll ¢S ¢S ol POS>
Lais &S o 5T (sloos S 5 b8 SISl 4 b o

(¥ Jyue) Cl

O 5 5LT55,8 S5 0 po

G 5 63T S bl 4 g 53 Gt Sl s BT axio 5,015 dulis

ton ol a3 ¢S 0 6T C-0 3 C-0-C glaos S
by e 4l 55 e boddyled @ g as a5
sy ¢S (VPP em?) wil S8 ok el 05 8
3T 058 0 by (s 00 55 Kos Sl
s g dwslie 55 5 iS OH yN-H & by 0 oS5,
T T TR =g
P oS iu S (S OHGN-H 5 2aS iy S
) &l (il odss YAYO CM? 5 VPOFCMT 4t
Sl FTIR ST 4 bg o puls sl 0L

Nostoc punensis ¢ SUgl—w 3 J—ol> 59

035 5 IS (e sla 6 Lo 5 NoStoC punensis (s ;5L sl Hlas 5 Aals & sus 51 Juol>= GCIMS el e =Y Jyr
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