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Characterization of Chlrorella vulgaris Mutants Induced by

UV-B Imradiation and Mass Cultivation

Tae-O Choi
Department of Microbiology, Graduate School
Pukyong National University

Abstract

The thoughtlessness use and depletion of fossil fuels have generated major
public concerns associated with the global environmental impact and the
supply of alternative resources. The microalgae, Chlorella vulgaris can be
considered as one of the important alternative resources for biodiesel
production due to its relatively simple and fast growth characteristics, high
lipid contents, the availability of mass culture technologies, and its
non-competing culturable land use for food resources. In this study, we
attempted to isolate economically potential high oleaginous strain of C.
vulgaris for mass production via the random mutagenesis technique using
UV-B irradiation.

For efficient UV-B mutagenesis for C. vulgaris, the cells were exposed
for various time under UV-B. In general the cell viabilities were significantly
decreased as the exposure time increased. We found that four minutes UV
exposure was significant enough to achieve 50%  lethal effect of UV-B for C.
vulgaris. After the UV mutagenesis, the cell cultures were spreaded on F/2
agar plates and further cultured for 21 days under lab conditions. Colonies

appeared as relatively bigger in size on the plates were isolated and



designated as UBMI-2, UBMI-3, UBMI1-10, UBMI-15, and UBMI-18,
respectively. After 21 day-cultivation, the resultant mutants were further
determined for the cell growth, dry cell weight, pigments contents, and lipid
contents based on the considering economically important parameters for
biodiesel production under lab conditions. Among the mutants, in particular,
UBM1-10 showed approximately 1.5-fold higher final cell Biomass and lipid
content respectively than those from the wild type under lab conditions,
although other strain such as UBM1-18 showed high potential for chlorphyll
(13 mg/g) and cartenoid (3.18 mg/g) productions. Based on the results,
UBM1-10 was selected for the mass scale cultivation in a tubular-type
photobioreactor (TBPR) or open pond type reactor (OPR) under outdoor
conditions. The mass cultivation results indicated that higher cell densities
from both parental (1.7 x 10° cells/mL) and UBMI1-10 (1.6 x 10° cells/mL)
in the TBPR can be achieved rather as those cultured in the OPR type under
the industrial conditions. However, UBM1-10 showed similar or a little less
cell densities were produced as compared the parental strain cultured under
same conditions using both type photoreactors. After the mass cultivation, the
cells of UBMI1-10 and the parental strain were further investigated for crude
lipid contents and compositions. The results indicated that the crude lipid
(0.3%) and eicosapentaenoic acid (0%) contents from UBMI1-10 was higher
than those (0.1%, 0.0261%, respectively) from the parent strain. Therefore,
this study demonstrated that the economic potential of C. vulgaris as a
biodiesel production resource can be increased with the consideration of
photoreactor type as well as the strategic mutant isolation technique using

UV-B.
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2014).
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Table 1. The General classification of the algae

Common name st= 2HtH Taxonomy
Blue green bacteria =M Cyanobacteria
Blue green algae =HxF Cyanophyta
Red algae 2XF Rhodophyta
Green algae =xF Chlorophyta
Golden brown algae SHMEF Chromophyta
Hapatophytes AR TR Hapatophyta
Dinoflagellates AHDTF Dinophyta
Cryptomonads 2HRTF Cryptophyta
Euglenoids F=dLt Euglenophyta
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9HE  e=siA0ME=F2A0M Lot ASSIACE Y-S

N
HL
l
el
0 nn
T
ro

Watanabe(1960) F
M working volume 100 mL FI|Z 2% 25T, Wt =55 120 rpm, &

= 3,000 lux Z=ZI5H0] BHLSIQCEH T2 12412« 12412 (& @ 2he

2 YIS Al HTSS ASSKICHL P2 BiRlel ZTM2 Cigm 2t
(Table 4).
2. oAE 24

Chlorella vulgaris®| THZFZ2 UV/visable Spectrophotometer (Optizen
2120UV, Mecacys Ltd, Korea)E 0|&35}0] 680 nmOM SEE=E =H5IAU
Ch A Z#AMEF (Dry cell weight, DCW)2 SO0|ZE (Waterman No. 2)E
0|&35t0{ M|Z HiH 10 mLE 0{atst 5, 0{2tEl #AHE Dry ovenOflAM
105C 3A[ZF St AA=35t0] O FHE FHSIUCHKIm and Lee, 2015).

MEZMZZ(Cell viability) S8 UV/visable Spectrophotometer (Optizen
2120UV, Mecacys Ltd, Korea)E O[&35t0 680 nmOM SEHE=E =HSI

=3
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DIMZERS Zery A
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S BAMST| fI5t0 21 U ZoF HHE
Chlorella vulgaris MXZ2| Z222L, JIZE|0|= T2 EAMSICE bY
U5t MZ 1.0 mL2 AAIE2Z] (3,000 rpm x 2 min) §F &

99% MeOH (HIEIZ) 1 mLE HIISt =, 60TCOIAM 30272t F& CI=

0COIM 5227 WHZt ANZI =, 23 FEAH (Optizen 2120 UV/Visible

i

Spectrophotometer, Mecacys, Korea)E O[&35t0{ 650 nm, 665 nmOA S&

CE =Xs5l0d E=2=2IZ 22 =X™5I9

I2E|0|E &2 461
nm, 664 nmOlM SEAE=E SHSIQUCEH ZF M9l 22, Foyer &(1994)01
A

QIEH E_T’_E._I E_l-%ﬂ} é“% MQE 71' JSI'%’\EI'-

Chlorophyll (mg/L) = (Agso * 25.5) + (Ages * 4)
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Q
S
s
N
g
S
<
s
oQ
Q
3
!
W
o
Y
=
09
_O'L
[
@!
=
[¢]
=
0
D
=
E
o
HL
Kl
rtn
0%

=
0.52 =& = 96 well plate (costar 3790, Corning InCorp. NY, USA))E O|S
5101 10 puL M|ZHHH | 138 pL EHFSFS , 2 pL nile red , 50 uL
DMSO £ =tet ¥ 40T HiZ7[0M 1022 2HSAIZ| & 2=
(Fluorescence Spectrophotometer FS-2, SCINCO, USA)E O|&735l0{ excitation
490 nm, emission 620 nm= =™ SIACE HEZE=ZL (fluorescence intensity

viaue)2 O|MZ=F KAiA[e] HE&ZL (auto-fluorescence)S M LS = LIEILHRU
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& M2 ?loll Triolein (Sigma-Aldrich, St. Louis, MO. USA)LZ &
=13

5.1. A2 M Z=AL Ho|F = H MY
At2|M ZAM= UV-B (254 nm)2Q| I}EOZ Clean Bench QFOA] A}2|A
BT ABHE (15 W, 76 uM/cm?® VILBER Lourmat, France)S 0|23},

AMtAE[= 2F 15 ecm O|UCH (Figure 1). CH SAZ|Q| Chlorella vulgaris

mu - J
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5 MZE ZEZE (ODggp = 0.1)E 3|
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==
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of S2L7t ddE W7tx] oF 337 siYSiULt. e S2L= F2
hx|afxlof HEsto] M=7t dd S=7F 2 W7EX| Biefst &, SO

Fo| S48 2A3ICH
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Table 4. Components of F/2 Medium (g/L)

Components Amounts
Nacl 20.758 g/L
KCl 0.587 g/L
NaHCO; 0.170 g/L
Salt Solution | NaBr 0.0746 g/L
H3BO; 0.0225 g/L
NaF 0.0027 g/L
Na,SO; * 10H,0 55 g/L
MgCl12 - 6H,O 9.393 g/L
Salt Solution I CaCl2 - 6H,O 1.316 g/L
SrC12 - 10H,O 0.0214 g/L
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= = =i
ot ¥ U= HfLo| JISSIEE o7 /5o N FME  HRST|
E T4Yolof EoiHo| FFel 2 FFo| H|WHiY MEE FISsIICHFigure
2). PC mo|= 127HE 0|&st0{ &Y ZHd tiYY| 1=E Zglstn =st
YT |E 1= MZEsto] HEZ HiX[Sl= HZHYS TS| <o &S ZHX|

Zo| Afctol 12712 PC IO|Z = 107

X g7 BixIStRACE O = 2+
=

2|
HEMol Y| HEHE ZBISt 1xQ 29| LIHX| 2520 SHAM oA

Sl
5101 2= IMEV} MAMoz A=A HZEsIYCH & 12702 PC To|=
ol S7IE€ sa5t7] flgt S5 X2 &5 & FES 7|7t sa8=x &
A giHEe = 2729f HHY|
M HIEEl= S7[HE7e e

S5 5to 2|7t 2Et= vl mto|Zof HifHo| ab53to] HiHEH

of 77} 22X e 7|2 Ho7H| sto] MxXNo= ijetelo] &=

BISIEE MASIUCE MM HEL| o|HX[E ALEsHA| 211 37|& 0[Ssh
M 7| LHFL| HHfHO| wet=|H| So=MN HHAH MA|It TUSHA|
S2E[0] H=HiYE /IS FUt HiYAHS e S&E5H0] Y| LSt
MMEczE A5t =g ==5 5Tt

o= 2F 2 tonOf| sH=A=X|2l Calcium hypochlorite (NIPPON SODA, Japan)
5 gitons TG0 24A1ZF Z7|510 HHYHES A=5H T FSHA| Sodium

=]
thiosulfate (=S8}, CHINA)S 10 giton FI510] FAMES H|7Hs5l0] T3}
AZACE Z3t=l |0l Chlorella vulgaris B w32} =080 &3 HQFH
MEZSZ 2 3 x 107 celymL)2| 2F 700 LE 2+2} 2F 1.6 ton2| afi=0| =&t

5101 Z=7| i LHO| OM=ER SEE 2 1 x 107 cel/mLO| =[H| =Fs}
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o] SUsHA Z22== =29 30 ton TFE2| HIAEIT (6 m x 6 m x 0.8
m) 4702 MAESIFOM 47| HHUYEHFE 10122| Air-blower (7|Z&A}
Korea) 1EHE O|&510{ ZZ7[AZ] HiYHE LHISIESE SIRUCt (Figure 3).
sir= 1AI2 E2efo{2f7[E HXY 2 230 SLSHA F=et = sixa=H|
Ol Calcium hypochlorite (Nippon soda, Japan) 5 g/ton=2 F0i8t = 2 24A|7F
Air-blowerE 0[&35t0{ ZZ[A[Z] = Z3IA[, Sodium thiosulfate (FS&tst,
China) 10 giton2 F 25101 PAMEE M7H5I0{ SSAIZICL SEHE ol
Chlorella vulgaris 2 @32} S#0| #F s=EME MEZsE 2F 100 x 10°
cel/mLyS Z+Zt 4712 30 ton HHAEEFOf| 3 LM HESI0] 2 73 HIAHI
30 ton 27, SIHO| 73 HHAEET 30 ton 27HE MRS} 20 =7| HiLH
LHel OJM=R s=8 2F 1 x 107 celymLO| E|H| =HSIYCE M=ol ZH2
Hemocytometer (Thermo Fisher Scientific, USA)E 0|&5}0] S0|HoZ &35}
¥omy, o|m Al=2e| A HIES 1008i510] EASIALCY.
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£ 0|&25}0o{ pHVI 8.5 O|Al0] E|H CO,E FelstD pH 8.0 0|52 HOf
XA =M Co2l T2 ACSIEE XIs AMASI0{, HiF Al pH Z=FEO|
UAXMSIE=E RX|SIUCE COel FAIZI2 ZetMo| &es5lH| oO|FoiX|=

AlZICHOL 1OA|OIAM 17AI77}K] B2E == TimerE 0| &3510] =X SI¥ O,
0

Ot2 Felsl=E MAsIRACE
7. SAXE

= A0 oist AEZnt= 35 BHE AEof| ost A2 LIEIH
A, chxzFZot Ao SHEA 7ol HAA2 Student's t-testE ALSSH
Fon BEHEHAL (p-value < 0.05) F=Z=0INM HESIAUACE
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Figure 1. Ultraviolet lamp stand used in this study.
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Figure 2. Photo images of the vertical photobioreactor system used in

this study showing Chlorella vulgaris cultivation.

_26_



Figure 3. The outdoor microalgae cultivation system used in this study

for mass cultivation.
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UV irradiation time (min)

Figure 4. Effect of UV-B exposure time on Chlorella vulgaris treated
cell viability. Each value is expressed as a means = SD of triplicate
determinations. p-value: Students's #-test. p <0.05 compared with

control.
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1.2. At|M ZAlol| ME Chlorella vulgaris2| AMA-EHzf
Al AL AlZHol| 2 MEZ f 2EE2E S22 Figure 5(A)0 LtE}
Lo AIME 18 ZAF Al 7.5 mg/L, 22 & 0f 7 mg/L, 32 ZA}5}

2|10 5272 ZAbst

.

9

US M= 52 mg/l, 48 TAISIUE M= 4 me/L

>~

tSA]

)
rlo
il
==

M
2
g
ol
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0y

mholl 2.7 mg/LEMN XIIME =

=
ZAL AlZHO| mEt Mo BiEo| LBt ol

e

XM AL AlZtof| ME FI2E|0|= EH2F2 Figure 5(B)O LIEILHA
Ch AIM ZAF AIZF 12 (1.7 mg/L), 282 (1.46 mg/L), 32 (1.3 mgL), 4
2 (0.8 mgL)Z LEIHoH, 52 XA} Alofl= 0.7 mgLZ CH=Zof H|sH
oF 65% ZAES Eolgt = QURUCL FIZE|L0|=E B2z Ale[Mo| =&

El= AlZio] ZoETE Hadke dgs HEHACH
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Figure 5. Effect of UV-B exposure time on Chlorella vulagris. (A)
Chlorophyll contents, (B) Carotenoid contents. Each value is expressed
as a means = SD of triplicate determinations. p-value: Students's #-test.

p <0.05 compared with control.
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1.3. X}|M =AY WE Chlorella vulgaris2| X|Z& &2f

.

ZEALAZEO ook

|

x}e
Lf X|&

CHZ=I20] 43 pg/mL

22 35 ng/mLE X2

Sk2k
=

ALAIZEO]|

ACt (Figure 6).
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0 r

Liipid contents (pg/ml.)

1 2 3 4 3

UVirradiation time (min)

Figure 6. Effect of UV-B exposure on Chlorella vulagris lipid
contents. Each value is expressed as a means = SD of triplicate
determinations. p-value: Students's f-test. p <0.05 compared with

control.
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14. E2 &5 (HHo|F MH)
C. vulgaris MZO0| XIIME 1, 2, 3, 4, 582 HHoZ ZTAlS

MOl Z=AHE 2 A2 & BHI|MYE 0|S3510{ F2 3™ 1A BHX| (agar
A

— o a O - o o |
Z=7bujebst & AN B 22U 5 37(7F 37 A8 22ME == chl

LE REstct S2LTt M= F2 A X2 §7 sisto] 15
22t i = SAY0|Fo| SE9= EMoIRUCL A2l 2,3, 4,5 22 =
AL 2 2E|El HOIFE2 MEMAEE (Figure 4)0| ZA3tT MELHS| A4

ik

A (Figure 5)2} X|& (Figure 6) 2tz ZAsH= &

o2

2 HERARICE AE
M BElel #F= & SEU7I MK $HL HAHHX|oA HZEHo|

2= (Data not shown) ATCHAOM M 2|SIRCE & A+
Mz AME 18 AL = 22[&E 22YH 307HE HA[BHX|o[M Mz
0| 255t 57He] =10 #FE Ultraviolet B Mutant (UBM)ZE FE 35}

0 ZtZt UBM1-2, UBMI-3, UBMI1-10, UBMI-15, UBMI1-182 HHst11 Zt
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. vulgaris M|ZZOf| H40|F 5&0i| CHall & 21
g ot 38 ZHHe=z2 Mz dEIS SFHSIUCE Ho[F UBMI-I0,

& H MEEO| =AM, 0|F
9| =& Biomass MAZE OEFD H|WSIAS wf 2k2E 2F 1.58] =UACH
(Figure 7). EE CHE H0[|FCl, UBMI-2, OMAFE (WT), UBMS5-4,
UBM1-182| Mz MEAE2 ofd 732t Z XI0|E HO[X[ A/UX|TH M=
HESE (%/Z Biomass MAEHSE ZHs Zut oM #FE= 1.8 gL,

UBMI1-2& 1.075 g/L, UBMI1-3&= 0.93 g/L, UBMI1-10& 2.8 g/L, UBMI-15

=28 g/L2 MIE MZEo| A

o
Ofn
e
ol

st ZE HRUCEH (Figure 8).

DM Z=Fol Ate|MdE Z=AISIRE 45 DNA, RNA CHEHEIO[ B} M|

ZEH MZE| F7Y|, MZ MES 3 MIES ZEHMo| ZASICtn H1
| ACHPark et al, 2015). EESH AZ0| UV-BO| 2& =&==H 2 72x2}
MET| 2ol HEE =efsind, MIE W MA g4 cHAtztEo| o|ats =ef
SiCtn 224 UCHGleason and Wellington, 1993, Kim and Lee, 2015). &
1=l &£ CHE WlE 2™ Arthrospira platensis MZO| XM E ZEALSHO]
A2 SHHO|Fo L2, SHHOIF MIZ HEE2 O #Fo| M=
MITAE HISHAHLE L5 SItEE &lstUCk(Park er al, 2012). EESH

Nannochloropsis oculata®ll AI2|ME ZAlslo] 2 SH0|F2| HRo=
SHo|ZFTt ofd AFHLCE MZ=
CHKim and Lee, 2015). GleasonZ} Wellington

(
Atoll E Feks ZASIUE M, AfeMol =&E& MSxo| 42, &5
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i UaM-3(0)
QE == UEML-10/4)
2 12 ¢ = ygysa)
' e ;
g LBM1-18(0))
: 08
i
=
[}
U 04
0.0

Culfure time (day)

Figure 7. Cell growth of UV-B induced mutants. Cell density (ODgso
nm) was determined by spectrophotometer at 3 days intervals. Symbols:
Wild Type (H), UBMI-2 (@), UBMI-3 (O), UBMI-10 (@),
UBMI-15 (A), UBMI1-18 ().
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I»ry cell welizsht (rmes1.)
{ o=

iMIR

UBMI-2  UBMI-3  UEMII0  UBMI-15  UBMI-I8

Figure 8. Dry cell weight of UV-B induced mutants. After 21 days of
culture, the cell were harvested and measured DCW. Each value is
expressed as a means + SD of triplicate determinations. p-value:

Students's #-test. p <0.05 compared with control.
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Figure 9. Chlorophyll and carotenoid contents of UV-B induced
mutants. (A) Chlorophyll, (B) Carotenoid contents. Each value is
expressed as a means = SD of triplicate determinations. p-value:

Students's #-test. p <0.05 compared with control.
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Table 5. Pigment contents and lipid production of UV-B induced

mutants.
Pigment contents/DCW (mg/g)
DCW* Lipid***
(mg/L) (g/mL) Chlorophyll Carotenoid
WT** 1.8 45 9.38 2.28
UBMI1-2 1.075 89.1 7.04 1.85
UBMI-3 0.93 54.4 12.8 29
UBMI-10 2.8 67.5 9.03 1.94
UBMI-15 2.8 56.4 8.8 1.81
UBMI1-18 0.86 60.35 12.99 3.18

*: Dry Cell weight
**: Wild Type
Hk, mL(ODégOZO.S)
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3. CHEFH A2 ISt Chiorella vulgaris mutant2| MA

el ZAE Sof P2 Ho|Fe Hx I, Mael S E=EHD Ft
ZE|L0|= Z X[ B2 Table 50 LIEILHRACE F 5712 =Ho|F Sof
M UBMI1-31t UBMI-182 Ofd#30f H|s & Z2E=E 1} FI=E[L0|
B0l =2 AoZE EAME0, &7 MAMA & S MAN A EA Q|
MM ES =olg = JUUCE SIX|E 2 AFoM = XEE2e Bt =
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3. 7|8 ol8st =& Idx FHYTVIE 0|88 Chiorella
vulgaris2| CHEF Y Q¥
AISIAIO| Tab. scale AM| ME AZF HEE HOH 32 Ztzdoz =X36

=
wild type2 B4 H=Tt b0kt & sty MEE H#0[F UBMI-102

2
0.95 (ODgso) 1, UBMI-102 1.392 LIEMGC) (Figure 7). SHX|2FH 27|
£ 0|28t thZF B[N, =7| 2f 32Zt2 D|M=Z=Fe| SAIEEIL 2A0tsHH|
Mo, 59 AFE Z45| MESHY| AIEfSto] 92A9| ot AF=
ok 1.7 x 10° cellymLe| ME YE=E HJoM, SIH0| FFoM= 2 1.6
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C. vulgaris(UBM1-10)t v g dv| .

20,000
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E.000

Cell numbers(x10%ells/ml)

4.000
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® Wild Type(PBR] @ Mutant(PBR] = Wild Type(OPEN] @ Mutant(QPEN)

Figure 10. Growth of Chlorella vulgaris mutant (UBM1-10) & Wild
type in 2 ton of vertical photobioreactor and 30 ton of Open pond

for 13 days.
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Table 6. Comparative analysis of mass culture components of Chlorella

vulgaris mutant (UBM1-10) and wild type

Contents (%)

Componen Chlorella vulgaris Chlorella vulgaris
(UBM1-10) (Wild Type)

Crude lipid 0.3% 0.1%

Crude protein 0.7% 0.1%

Crude ash 3.2% 2.1%

DHA 0.0518% 0.0176%

EPA ND* 0.0261%

*: Not detected
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Table 2. The principle characteristics of the algae

Division Cell type Principle pigments Flagella
Cyanophyta Prokaryotes ~ Chlorophyll a; Phycocyanin; phycoerythrin Absent
Rhodophyta Eukaryote Chlorophyll a; phycoerythrin Absent
Chlorophyta Chlorophyll a, b Smooth flagella
Chromophyta Chlorophyll a, c;, c,; fucoxanthin One smooth flagellium and one flagellium with masticonemes
Haptophyta Chlorophyll a, ¢, ¢, fucoxanthin Smooth flagella (and haptonema)

. Chlorophyll a, c,, fucoxanthin
Dinophyta . . ) Smooth flagella
(partially chlorophyll a, c,: phyconamin or phycoerythrin)

Crytophyta Chlorophyll a, c,; Phycocyanin; phycoerythrin Flagella with masticonemes

Euglenophyta Chlorophyll a, b Flagella with hairs
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Table 3. The

taxonomic characteristics of the algae

Division Chloroplast feature Cell wall Food reserve
Cyanophyta No chloroplast; thylakoids free in cytoplasmic; unstaced phycobilisomes 4-layered peptideglycan Starch
Rhodophyta One layered thylakoids; Chloroplast ER absent Cellulose Starch

Cellulose, hydroxyproline
Chlorophyta Thylakoids in stacks of 2-6 or more chloroplast ER absent; grana maybe absent tose, 1y xyp ’ Starch

glycosides, xylans, mannans
Chromophyta  Thylakoids in stacks of 3 (2-6 brown algae); twp additional membrane of chloroplast ER Cellulose, glucose, urouic acid Chrysolaminarin or laminarin

o o oranic scale; one of several o
Haptophyta Thylakoids in stacks of 3; two additional membrane of chloroplast ER ! Chrysolaminarin
ayers

Dinophyta Thylakoids in stacks of 3; two additional membrane of chloroplast ER Cellulose Starch
Crytophyta Thylakoids in stacks of 2; two additional membrane of chloroplast ER Periplast Starch
Euglenophyta  Thylakoids in stacks of 3 or more; one additional membrane of chloroplast ER Protinaceous pellicle Paramylon
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