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Growth Inhibition of Toxic Cyanobacterium Microcystis aeruginosa by Various SNPs (Silver
Nanoparticles). Park, Myung-Hwan, Keun-Hee Kim, Huk-Hee Lee?!, Jin-Seog Kim?2 and Soon-
Jin Hwang* (Department of Environmental Science, Konkuk University, Seoul 143-701, Korea;
!Environment and Energy Research Center, Korea Research Institute of Chemical Techno-
logy (KRICT), Daejeon 305-600, Korea; 2Advanced Chemical Technology Division, Korea
Research Institute of Chemical Technology (KRICT), Daejeon 305-600, Korea)

The effect of various SNPs (silver nanoparticles) on the growth of Microcystis aerugi-
nosa was investigated in laboratory and field experiment. Four SNPs, namely JS47N,
JS47N-K2, JS47N/3-1 and JS47N/3-2 were used to this study. The Ag size, concentra-
tion and color of these solutions were about 20~ 40 nm, 200 mg L™ and brown, res-
pectively. At 0.01 and 0.1 mg L™, SNPs inhibited the growth of unicellular M. aerugi-
nosa by 99.4% and 99.9%, respectively. However, SNPs of 1 mg L™! inhibited the growth
of colonial M. aeruginosa by 98.5%, whereas the other three concentrations (0.001,
0.01 and 0.1 mg L™Y) had little inhibitory effect. In experimental enclosures from eutro-
phic lake, cyanobacteria including M. aeruginosa were found to be more sensitive to
the SNPs than green algae and diatoms. In conclusion, our study indicates that SNPs
has a selective cyanocidal potential when used to M. aeruginosa. We believe that fu-
ture studies need to test on various other organisms, and determine minimum con-
centration for field application.

Key words : cyanobacteria, selective algal control, SNPs (silver nanoparticles), uni-
cellular and colonial Microcystis aeruginosa
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3 e ng s olAe] gt s} g HLe Ak
ZA| el gt fAd o] Y% FTHE I et o2 E &
A bionanotechnology:= Y xE2& AJE3 o] A=
& 3o @AARAY Ne2A Ge AN 99
A 2A BZE9d)(Rai et al., 2009). JxEA-2S 1~100
nm =718 w|FPAEA, Y& ol2d Z7]¢ B4
& Ao Azl o] A3Pr|ERokl| F4FozH
w2 A Azbsle] FE-8 wkw glo} (Albrecht et al., 2006).
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ek gtakgo] P a3 Ql Aoz delA 9lek(Gong
et al., 2007; Rai et al., 2009).
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1. Y= Microcystis aeruginosa Wl ¢

Al&e]| o] 2% Y2 3 unicellular strain- v]= Texas
ostae] Microcystis aeruginosa (UTEX 2388)2 A}&-3}
st YiEsoA et
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2. SNPs (silver nanoparticles)?] #| =

2 Aol eJA SNPsA| = 7R o2 84 sil-
ver nitrate £-2%¢]] NaBH,, Tannic acid, TEMED2] 3]
A2 ZF3te] UuleS E3) nanosized] $SEAM] &

F4e Azalde) 7 25 A2pge ohe 2o,

1) JS47N A =

500 mL B]o] Al ZF52 <F 400mL 373 & AgNO,
0.1575g% Z3Fsled b4 43 A7), stirringslHA] A
745l AgNO;2| 3}8hefgel sl sl ofriet 799 tan-
nic acid N4 AH3| ZF3t] AgNOE 43 3

Al Zt}. o] 495 500mL2] volumetric flaske] 7] &
Astz A3 zlekste] 200mg L] SNPs £ A
Z3H5i

2) JS4TN-K2 A 2

500 mL B]o]Ael| =F4E oF 400 mL ZF3F = poly-
vinylpyrrolidone 0.25 g2 Z&F3le] 94 L8477, &
AbA| 241 Tween 208 0.25¢g 7“7]—'6]-_1‘ Sjo] EHHE
A2 AgNO,; 0157598 =3t 3 9k 83| A} of
€% SNPsE A|x3}7] 913t 3HdA| = sodium borohyd-
ride (NaBH,) 0.078 g2 =34 50mLol| &3l3}l o] &
HE stirringslHA] AgNO,7} 235 $=8-Me) A3
23ele] AgNO,Z b5 SUA|ZT) o] fele 500
mL2] volumetric flaskel] %71 % A}tz AH3s| zels}
o sodium borohydridee]] 2]3F 200mg L™*2] SNPs £-<H

< Az
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nic acid §-91-& A3 FF3te] AgNO;E $HH3] 3
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4) JSATN/3-2 Al Z&
500 mL B]o]Hel| ZF-42 oF 400 mL ZF3 = FAkA)
2l Tween 202 2.59g Zgksle] &3sl3, AgNO; 0.1575 ¢
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Tetramethylethylenediamine (TEMED) 0.3 mLE 5mL
o] R4 A EE FHA8NE A=A, AgNO;
7h 23E 8o HAHS] HrisbHAl 90°Cel =l
Al 1AZE Fet 7hdste] 2UEARl AgNO;E 2HA13]
BN A 71D E Sk s o7] Fol WA
W& A)7]32, 500 mL2] volumetric flaskel] 271 & A
3tz A8 A1gste] 200mg L'9) SNPs gi& A=
stgiet

3. SNPs?] Y= M. aeruginosa A A4 -] 2 &

FZ M. aeruginosaol] 3t SNPse] QAA| &=
B71sk7) S FRF7F s A s Fod kst 4
Al ZAxden 35S AR, o] LellA A3t A
2% GFIC 2l AAFA=2 oJ3ste] wix|z AHg-3}
At 250 mL AtZFEetsTe) ok {3 150 LS
93, A7) AERazels olu] okl B4
=23t J& M. aeruginosa (unicellular strain)Z 2F 0.6
x 108 cells mL™9) WA=y} Hx2 HE3l3, g Fo=
SNPs (JS47N)&-el-¢- 0.01, 0.1 mg L 9] xx=2 7tz 3
ek ARAA aoE 2SN w2, A3hselA
A43ked GFIC §2l44 o3 FA 2 oI5ak wjok4- 150mL
< AAE= AT 250 mL)el| ¢, Ao AEea=
o th47]el =3k Y= M. aeruginosa (colonial strain)
E o} 0.6x10°%cells mL™te] W=7} H =2 HE3}l1,
2] F-= SNPs (JS47N)Z 0.001, 0.01, 0.1, 1 mg L™t2]
Sx2 747 A7lsked unicellular straing}e] AL A
w232 vla, AR S 223 of2] 7HA] F= % colo-
nial strain ¢f] 7}& =2 AAA9A &3= ehd 1mg
L1o] 2=woA] T 7}x] SNPs £ (JS47N, JS47N-K2)
o) Azpeln] me} A7 Aol He WA A&
w318 A% wla, wabstdE 2Rl ARE e
23°C, 3}= 100 umol photons m2 s (14 h:10h LD cycle)
Z71eA 100 rpmo.2 7~8%U7t wi <kttt w7
7t E A8E B3t Lugol §Hez TAF o,
Zy7+e) M 45 200w &le] F3Han] 7 (Axioplan, Zeiss,
Germany)eil Al hemacytometer (Fuchs-Rosenthal, Paul

Lo

Marienfeld GmbH & Co., Lauda-Kdnigshofen, Germamy)
2 Asie

4. SNPs?] Y= M. aeruginosa A& #]-& 2121 3

@$& M. aeruginosazl wlWsHA WA s 3o oks) 4
Al AZstw 475 enclosureE AX|3F %, 2007
d 94 129178 229714 109 F<k SNPse] =7 o

A 23s AR & A A= Al 714 SNPs &
o (JSA7N, JS47N/3-1, JS4TN/3-2)& 2mg L19] sx=
H7}sle] F2 M. aeruginosaS v E3le] 3ol ZA)3}
ofe] ZFol el o] & Al 7}x] SNPs £-o1o] 37}
A &3E wmslel, @RS APed e BoksTA 5
o}. A& e AX]3 enclosure= 150 L (Z°]:0.7m, &
H ZElaE xE A

6 “
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2ol ¥ R 7

3
2 7], dxAZE
EH oA 23E Y (http://www.kma.go.kr/sfc/pdf/sfc_
mon_200709.pdf)& W& e} o] &3ldet. 422 (WT), 4
Z4k4(DO), pH, 7| =% (EC) 5& 2~3Y zHHe=
YSI (6920 MDS, USA)E AMg3le] 214 =A3sloet 2
A4 (TN)$} %<1 (TP)& E3ol A oF 20cm ofefe] B
A58k =A] APAR 2HlEE 3 Standard methods
(APHA, 1995)¢]] e} BAsteich ¢ =4-a(Chl-a) 3%
= GF/F filters o] -§3}e] o33k Algol 90% obH| =&
A7ske] WYhaol A 2447 53 F F4 =S =43}
9o, Lorenzen®] (1967)¢1 wie} AlAtslgict dAte] =
FAIEE 100mLE Zef~E87]o o} Lugolgoz
A sle] EHbsEE T, APA A FU3HA EFAIR
Sedgwick-Rafter counting chamberZ o] £-3}o] 33}
u] 7 (Axiostar plus, ZEISS, Germany)3dloll A A 43153
o =3 2] Aol TEO)S et el A
==t

£
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Growth inhibition efficiency (%)
=[(control —treatment)/control] X 100
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Mg w1 Qo) s H9eE ok & adgen], £
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2
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Fig. 1. TEM image of SNPs (silver nanoparticles) used in
this work. Scale bars are 30 nm. A, JS47/N; B,
JS47N-K2; C, JS47N/3-1.

< vel e (Fig. 1).
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Fig. 2. Effects of SNPs (JS47/N) on the growth of unicel-
lular Microcystis aeruginosa at concentrations of
0.01 and 0.1 mg L. Data are the averages with SE
(bars) of triplicate experiments.

$91€ 001, 01mg L8] 5=z 27 Hrkstel Al
A E3He 2ARR Ash SNPs gl MY 79 F mE
=% 4] unicellular M. aeruginosa®] AAAA|e) &3}
2ol gt} (Fig. 2). T2 A% 79 Fo 14.4x10°
cells mL™2] MESZ Holw] wjk7|zE Fob oF 234)
oV A%Hez FAse A% AL ehleh SNPs
(JS47N) 892 0.01mg L8] w2 H7}st x|z
M AR 597 dzT-e} vl A e el
o1} Al 7def|= 8.3x10%cells mL12A] M Zp7F F
A3 Zadhs e JERlYh =3 0.1mg L] v =
2 A1 Aol e AR 297bA] dj 2T} B3t
A Z7Fhes AR FS Rl o, Alg 3Yel= 7.8
x 10%cells mL™*2X A Zz57)1 §43] 3343 3, A8 7
doll= 7.5x 10%cells mL 2] A Z4Z el vk 7
o] & SNPs (JS47N) £99] 2)g] &= H7} 2% 0.01,
0.1mg L™t 27} oF 99.4, 99.9%2] AASA &3S e}
et

F% M. aeruginosa (colonial strain)el] o] 7}#] =
£(0.001, 0.01, 0.1, 1 mg L 1)) SNPs (JS47N) &8 =]
23 23}, SNPs §& 1mg L2 FH7FgE FxelA
98.5%2] AAAA| =S Ho]m colonial M. aeruginosa?]
A E3be ol glek (Fig. 3). % 8UF W& sh
F¢t 27 A% 8Y Fof 15.7x10%cells mL™12] A
E5E Boln of 27v] o4 A &Mooz Frishke A
el el SNPs (JS47N) 428 0.001, 0.01, 0.1
mg L9 =2 A4 AT AY 8Y7kA HaT
o wgs AESTL S AR A Vekgel
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Fig. 3. Effects of SNPs (JS47/N) on the growth of colonial
Microcystis aeruginosa at concentrations of 0.001,
0.01, 0.1 and 1 mg L™*. Data are the averages with
SE (bars) of triplicate experiments.

w2} 0.1mg L o]3}e] X7 %= A= unicellular M.
aeruginosa$} =22 colonial M. aeruginosa®] A} Al
43 &3t Ao ol Aoz dehde =3 SNPs
(JS4TN) £ 1mg Lt A7}el|A] 98.5%2] QA4S B
GAqE AY 89 F EF M E %= (0.2x10°cells mL™)
7} %719] colonial M. aeruginosa 3% *>% (0.6 x 10°
cells mL )9} vlwale] oF 13 $Fo=2 FolE o]
Z2=e) ulz}, colonial M. aeruginosa: unicellular M.
aeruginosael] B]a] SNPsel] o3l UjAle] &t gl&= 7o
2 zAFE 9} =3 unicellular M. aeruginosael H]3]A]
colonial M. aeruginosaZ %jA|3}+=49 0.1mg LB =
< SNPs A2|s=7} 87531}

o]& 7] colonial M. aeruginosag A A}A|s}+=4] uni-
cellular M. aeruginosaE A3+ %=(0.01, 0.1 mg L™
Beh ¥e SNPs7h 279 Fo fleleza, wiekEe)
unicellular M. aeruginosa®] 73-$ Al =z7} 2tz 3= o
2 "oz 9JA|4k colonial M. aeruginosa: A ZE-o] A
2 FAN7] A% ggR<l AAS-(mucilage)e] 3171 =
Folzka AAFE A (H 5, 2008). o] g HAZS o]
£t EATE B9 ddME= 9 B2 xEFHE
AHT 24 A o FAY HAF oz AEE
Hosle] o5 EAo| oigt WS vy 2o wet
Al AA =L 7+ 9)E colonial M. aeruginosa”} unicel-
lular M. aeruginosael] H]3le] =L %% (1mg L1
SNPs7} 275 Zolglx AlmEd T2y AlAlRA17)
FWHO)S| 7150 warl ga4) Hvlals S5esl
0.1mg L2 AA|F T (WHO, 2004), =3t u)= AR

L}y EZ&l2o| Microcystis aeruginosa H| 79

108
T"\ 107.
-
[
] J
= 10°
8 r
o
E 10°;
=)
c
T
O 1044 | —@ Control
—O— JS47N
—¥— JS47N-K2
103 . . ;
0 2 4 6 8

Time (day)

Fig. 4. Comparison of algicidal activity of two SNPs (JS47
/N and JS47N-K2) on colonial Microcystis aerugi-
nosa at concentrations of 1 mg L. Data are the
averages with SE (bars) of triplicate experiments.

Table 1. Comparison of algicidal activity in exposed times
at 1 mg L™* of two SNPs (JS47N and JS47N-K2)
on colonial Microcystis aeruginosa.

Growth inhibition efficiency (%)

Days
SNPs (JS47N) SNPs (JS47N-K2)
14 93.47 95.28
21 72.65 72.79
28 75.49 76.52

34 (EPA)Y] 23} &84 4=A7|Z(Secondary Drinking
Water Standard) 9] 0.1mg L2 FA P e} k3
0.1mg Lt o]3}e] g=2A F2fF Aol 43k W
el gk A7} Fesiet

Azwe 223 £ 7} SNPs £ (JS47N, JS47N-
K2)& 1mg L1 === colonial M. aeruginosacl] =]2]
sl AgAAl E7E wlma A, o]F SNPs £ 7
ol| = colonial M. aeruginosael] o3t A& A| o] = =)o)
E dEhiA kot (Fig. 4). =3 o] & £ (JS4TN,
JS47N-K2)& 1mg L2 =2 colonial M. aeruginosa
ol A2lsted AIZE Aol wiE AArAA| o] A&aIE
wlmat A}, 142 ol oF 00% o4 21203} 289 Fol
oF 70% ojAre] BAYA &S 47 Yehd ) (Table
1). A3k Aol whe} A2 21,289 F9) oA wTE A
o) 149 Fo| oA &3hsl v wsle] TEH o2 oF 20%
Y adgor), F 71A SNPs g9 Zheli Al
o WehE Aol 2 vehlA gigtow, o SNPs gL
QA el gt A& &3t URY o] fA1E Aoz
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Fig. 5. Changes of temperature, sunshine duration and
precipitation daily the period of enclosure experi-
ment in Lake Il-gam.

a5

= e
3. SNPs¢ ¥= M. aeruginosa A A A -8 34 &

Al 7}A] SNPs 4-98 (JS47N, JS47N/3-1, JS47TN/3-2)&
2mg L2 == A enclosured] 2]2]sle] oJ8] 3t
7 eqle] W3t 9 2 27 P vz AR
24} 712 % 7)eE o 202~256°C, F4FE oF 0~
48.5mm day !, xA|7F 0~11hr day *2 vepge
79 Fete] AR Q18 Bk WE 2] YZ:AIZE 2hr
day™ e]&t2A] w9 A2 Hollo}(Fig. 5). A 2,6,7
o= 30 mm o)Ak A3 3, 4, 8, 9= 20 mm ¢]5}2]
ZdaEFe] 247 7155 A

@7 enclosured] &2, 343} 9l AE3HA <l A
g Az}, 7))l ohel > o 23.1~26.8°CE W
stgl ot 7k A7t zpol= Bl okgktt (Fig. 6A).
SEAeE AR 2d FRE TR A7 HET (102~
13.4mg L) ¢} vjwsle] mE X2 F(4.3~9.0mg Lol
Al G e, M1 S 9.4mg L A=
2: 9F 93mg LY X8 732 FF 6.9mg L 12A] A
2] 73 (JS47N/3-2)0ll A vl F=&H XA 743} (Fig.
6B). pH ] djz7-9} vlwsle] g A Felr 2T
A Zragled, A2, A2 T1, 2,39 o] 4 8.9,
8.6, 8.4, 8.3 2 JEPJt} (Fig. 6C). A FollA 22A4kA
9} pHe| ZHAE SNPse| 3H7bell whg Z2FAAFA ¢
olgk A Al f71E B8l Wiozr AEE=d,
=g, 3hsh, B Ql weFst 27 Alo] WEE o83}
o] 23 AR-e x5} A enclosureAd 2 AW micro-
cosmA Al A 7oA PSaravE A2 (EF U=

el obg §EAARSt pHE| At Sl g

o

SLA
- AEA - gan

Olot

Foll A= #el= 9l (Tucker et al., 1983; 7] =, 2000; B}
%, 2001; Ahn et al., 2003; Kaya et al., 2005; 7] =, 2008).
A7) EEE 27] 364uS cm oA AlF 10 ¥ Wz
o} BE X FollA] 226~276 uS em 2 el oH,
&=, X1, 2, 3¢] Zzb HF 281, 298, 304, 313 S
cmtEA XA FH =2 AVAEE Ffe] A H
Qo 1 Aol ZA skt (Fig. 6D). 3 SNPs9]
H7bell v A7 ==t A4 8 S84 383 500
uS cm™ (DeZuane, 1997)2] W] o]y Z4], SNPse]| 2]t
A7IA==xe] FAT A5 79 §e ez Asd
=

FAL v=F By, Y27, XY TL, 2,30 47 A
1.2,1.6,1.7,2.1mg L 12A] tjzF xR} 25 2] FoA]
A veldot AF 104 F 7 AT 7] AL
xS Aol (14~17mg L )&= FA| 2 Zloz 33
= ek (Fig. 6E). =3t 2E AT Azle] Ade=
FAL Tt s E,
= gt da2Te] 34 v Fand Fo 9
Az E R om, o3 AL SNPse| A xA] 3
H7hel AR (AGNOy) ol ehd Zlo=z s
o} olel] vlE] F<l = BE X Tl Azt F e
w7k Zasiol o, HEFE 0,2, 5,7, 104 Z
7+ 0.07, 0.07, 0.09, 0.08, 0.08 mg L& 7|=3}] =u}t
15 Ald 1097HA1= ozt Skt (Fig. 6F). 13v
=2] 9o 2] SNPse] A7z <ls) A2

39 F=7F dzT7e) vlaste] Aoz E7
A sk TNTPR]= M7 2 F44 5
= ool djzTe} vwdte] BE A FolA B4 v
el 27 9~28, X271 21~28, AT T2+
24~49, A8 F-3-2 21~792 27+ zALE 9o} (Fig. 6G).
ZF A s TNTPH)E dj 2, ME] 71, 2, 304
7}7} 16, 25, 37, 452 A W 2o} A2 1& A L3 A
2729} 304 30 o]AFe] TN/TPH]E Jepyith. dubA
o2 Z7kee <l F=e} 30 o]Fke] TN/TPH]: H2F
7b 2 AR ole F8 Al Hid, 729
A 2] 73014 30 o]AFe] TN/TPH|E F2F AFAAE
Fx=8te Rt 2gle] & 4 3l&E AJAKEIH (Smith,
1983; Xie et al., 2003; Kim et al., 2007).

27 AEF] AZZ o8HE dF5LasET AY
A|ZHA| 9] 5% (844~996 ug L Y7} 27] 294 71427
9] o3k W Fo| BE AYPFNN JFL-a vl F4
3] ZAFHQAR H 2T (440 ug LYo} vlwst AT
(30~122ug L Y9 gd=2-a s} oF 1/14~1/4 50
2 A o2 SNPs 7l b2 2/ A7} el

o

T ol
Ko e

o

a

O O
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Fig. 6. Changes of WT (A), DO (B), pH (C), EC (D), TN (E), TP (F), TN/TP ratio (G) and Chl-a (H) daily the period of enclo-
sure experiment in Lake Il-gam. Data are the averages with SE (bars) of duplicate experiments. WT, water temper-
ature; DO, dissolved oxygen; EC, electronic conductivity; TN, total nitrogen; TP, total phosphrous; Chl-a, Chloro-
phyll-a.
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Table 2. Relative abundance of major phytoplankton gro-
ups in four enclosures after ten days.

Ratio of major

Phytoplankton phytoplankton groups (%)

roups

group C T1 T2 T3
Cyanobacteria 79.9 17.2 6.1 29.8
Diatoms 13.9 55.9 13.6 27.0
Green algae 6.2 26.9 80.3 43.2

*C, Control; T1, JS47N; T2, JS47N/3-1; T3, JS47N/3-2
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