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ABSTRACT

Effects of phosphorous (P) and methylglyoxal (MG) on the cell number, dry weight,
chlorophyll content, photosynthetic and respiratory rate, phosphate uptake and protein
content of green algae (Scenedesmus obliquus) were studied.

The algal cell number from the medium treated with 0.5~1.0 mM of MG at 1/2 P or
1/4 P concentration was significantly lower than those of algae treated with full strength
of phosphrous in medium. The inhibitory effect of MG on algal cell division was enhenced
at low concentration of phosphorous in medium. At the beginning of logrithmic phase of
algal growth, the mean dry weight of algae from the medium without MG-treatment in
1/2 P media was significantly higher than that of algae treated with MG. After logrithmic
phase of growth cycle, the mean dry weight of algae from the medium with 1.0 mM of
MG-treatment in 1/4 P media was significantly lower than that of algae treated with or
without MG. At logrithmic phase of algal growth, there were significant differences in the
chlorophyll content among all groups of tested algae with various concentrations of P and
MG. At 15 days after inoculation, the mean chlorophyll content per algal cell from the
media without MG-treatment in 1/2P was significantly higher than that of other cells
from MG-treated media.

The adverse effect of MG at concentration of 0.5~1.0mM in 1/2 and 1/4 P media on
photosynthetic rate was ohbserved. The mean photosynthetic rate of algal cell without P
and MG treatment at 15 days after inoculation was significantly higher than that of MG-
treated algae. After logarithmic phase, the algal cell treated with 0.5mM of MG with full
strength of phosphorous showed significantly high respiratory rate than that of other cell
groups. There were significant differences in mean phosphate uptake rate among all
groups of

Scenedesmus obliquus at logarithmic phase. At 12 days after inoculation, phosphate
uptake rate per each algal cell from the basic media without MG and P treatment was
rapidly reduced which shows early introduction to stationary phase.
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Anionic protein content in algae from basic media with 0.5mM of MG treatment was
significantly increased at the end of logarithmic phase. The highest anionic protein content
was observed in cell at full strength P> with 0.5mM of MG treatment. Anionic protein
content in algae from bhasic media without MG treatment was significantly lower than that
of other groups of algae through all stages of life cycle. During logarithmic phase of algal
growth, cationic protein content in cell from 1/2P> media treated with 0.5 mM of MG was
significantly higher than that of other groups of algal cell.
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Fig. 1. Changes in cell number of Scencdesmins obli
quus treated with various concentrations of
phosphate (P) and methylglyoxal (MG).
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Fig. 2. Changes in total dry weight of Scenedesmus
obliquus treated with various concentrations
of phosphate (P) and methylglyoxal (MG).
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Table 1. Changes in the mean dry weight per cell of Scenedeswmus obliguus treated with various concen-
trations of phosphate (P) and methylglyoxal (MG)

Dry Weight per Cell (x10 >pg - cell V)

PY MG(mM) DAI» 3 DAI 6 I) AL 9 DAI 12 DAI 15

1 0 5.920+0.61890" 3.934%0.231¢ 5.86640.016¢ 5.871+£0.161¢ 3.88310, 029«
0.5 6,0561+0.478° 4.746+0, 1109 4.660+0,096¢ 5. 24010, 040¢ 3.794+0. 0247
1 3.734+0,1744 5.31340, 158 6.415x0, 090" 4,140x0,023¢% 3.739+0,0231

1/2 0 4.3100.752¢¢ 6.237+0,072P 9.839+0,102" 9.906%0. 459" 3.99910,357¢
0.5 11.443+2.105* 7.288+0, 189« 6.586+1, 391" 7.62540, 2220 3.030£0. 088"
1 1.24440,303¢ 5.402%0.256° 7.357+0.4011 4,57310, 045" 2.907+0,070f

1/4 0 3.543 10,1584 4.881+0,091 8.2000,076° 6.91240.030° 5.2560,077"
0.5 5.683+0. 366" 7.242%+0.1422 11,0720, 3044 6.9060, 180¢ 3.408%£0,019¢
1 5.081 %0421 4.022+0, 094 9.1314£0, 196 5,89940, 2564 5.836+0. 1109

1) 1=Full Strength of Basic Media,
of Basic Media in phosphorous

2) DAI=Days after Inoculation

3) Mean=+SD

4) Means with same letter in column are not significantly different (Duncan’s multiple range test,
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Fig. 3. Changes in chlorophll content of Scenedes-
mus obliquus treated with various concentra-
tions of phosphate (P) and methylglyoxal
(MG).
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Fig. 4. Changes in photosynthetic rate of Scenedes-
mus obliquus treated with various concentra-
tions of phosphate (P) and methylglyoxal
(MG).

Table 2. Changes in the mean chlorophyll content per cell of Scenedesmus obliquus treated with various
concentrations of phosphate (P) and methylglyoxal (MG).

Chlorophyll WContent per Cell (x10 7g - cell ')

PV MG(mM) DAP® 3 DAI 6 DAL 9 DAI 12 DAI 15

1 0 12,336+ 1.288%=% 3.256+0,191" 3.818+£0.011¢ 2.496+0,069" 6.304+0,047"
0.5 7.521£0.594¢ 3.67410,085¢ 1.868+ 0,039 3.395%0,026% 4.128+0,026%
1 7.699%0.359 3.219£0. 096 3.176 0. 045 3.444+0.020¢ 4.65510,037¢

/2 0 1,394+0.243¢ 5.22110.060¢ 1.971£0.020% 7.589%0,.352°  10.084%0.901*
0.5 9,364+1,723" 9.960£0. 268" 5.131%£1,084 7.965+0,232" 2.529+0,074#
1 7.471+1.812¢ 2.52940, 119 4,441%0, 242¢ 6.898 10, 068" 4.260+0.103¢

/4 0 4.671£0.208¢ 5.700£0. 106¢ 10,729 +0.099¢ 8,712£0.038* 3.167 %0, 046!
0.5 6.14110, 396 6.827+0.134b 9.06010. 249" 6.011+0,157¢ 3.764x0.021°
1 5,794%0, 480¢ 5.20210,1224 8.555+0). 184" 3.835%0, 166 6.682+0.126"

1) 1=Full Strength of Basic Media, 1/2=Half
of Basic Media in phosphorous

2) DAI=Days after Inoculation

3) Mean=SD

Strength of Basic Media in phosphorous, 1/4=Quarter Strength

4) Means with same letter in column are not significantly different (Duncan's multiple range test, o=0,05).
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Fig. 5. Changes in respiratory rate of Scenedesmus
obliqguus treated with various concentrations
of phosphate(P) and methylglyoxal(MG).
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A MGE AahA she WAelNE FEol ¥
3 s gE] wed wal o) 2ye YA
MG% 0.5mM3 1.0mM 2% wixl= MGE
HelshA e o] Hls) sEE Y5 ¥
A% 9 4 e e FEs) Amixe 12z
Aag eI} AeE wel 27lole BPAE
of ¥3 5FFe] Gor} 7o) ozm Aol
GAHL med neiFn ot ok W A7}
FRY 24604 2ok xgdoz BPYE B4

ol FeEd A ASLE FalA 719 o
9] Fxrb 71#ulA 9 1/2, 1/42 A3shg v 2] 7kl
$-2)8k zhoj7t et} (Fig. 6). AE%E 64A 9
A o F5E (ppm)I FEHAAE 7| Euf 2o 4]
MGE Hel3ha o4 A7} 0.630+1.541, MG
& 0.5mM A3 wjx]7} 1.058+0.998, MGE
1.0mM 2|3t W=7} 0.384+0.234, <19 2%
7b 712w e) 1722 A3t w2 MGE A=
&x] o2 wfA|7} 9.94240.139, MGZE 0.5mM
A28k v x| 7} 16.838+4.922, MGE 1.0mM A
218t Wi X7} 16.690£0.207, <19 ¥x=r} 7] 2wl
A9 1/42 A3t" WAl MGE H#sA] &
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Fig. 6. Changes in phosphate uptake rate of Scene-
desmus obliguus treated with various con-
centrations of phosphate (P) and methylglyo-
xal (MG).
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W27} 4.32340.484, MGE 0.5mM #2]& )
A7} 8.061+0.387 ¥ MGE 1.0mM #e|g o
A7k 8.536+0.2722 A o). 7] Eu] 7)ol A
MGE Mgshz] ¢k iAo} MGE 2|3t w) x|zt
oAl f-o8t 2ozl glalem, <19 Fxwvl 7))
29 1/2, 1/4=2 A3tEl wizlel M MGE 2jst
W27 MGE HelstA] g2 wjzse} f-23F &7
E Holoh 6dA s <ol wxrt 7)eulx e 1/42
st A7 FUAH =] FLEE Hol 154
o= <lo] ZHowA Ao S FHES H
oh. ale] Fmob slufHe] 1/2) 1/42 AskE )
Ao i Al H o dAst Mz FF ¢ F58
& veRd AR 7Rl A 2] A $ell MGE A 2] 8hA)
e WA= 129A FAF sty MGE 0.5
mM #H&g wixE= I z23 MGE 1.0mM
el A= ot Frkele ARE vepiodd
ole} & A= <o) wavh e A% 0.5-1.0
mM FEolA MG MERd 3 &= 4Y
F71ell gof ol Ao nze glste] o3P xz

s d4ow Ar,

6) CHHZI2E

golenl WA ale) sl 7l 1/4
2 Aehs Al NE 3. 6 9 oA AHE 27}
e R B EEREIET RN
= ANE Z7hen el sk i) 172

Vol. 13, No. 3~4

31 ol Al A (ug - ml) A BEHXE
71l A A MGE HshA| b wiA]7} 4,535
+0.034, MGE 0.5mM Helst W=7} 6,110+
0.038, MGE 1.0 mM =H=2|3t wiz|7} 6.186%
0.038, <le] Fwrt 7] 2ufA]e] 1/22 Halxl v A
M MGE HelshA] ¢ wix]7} 6.868+0.613,
MGE 0.5mM 2|8 wj=]7} 8 788+0.255, MG
E 1.0mM g8 e =7} 9.41240,227, 9l¢] ¥
7b 7)) e] 1/42 Ak wi Aol MGE
2] &kx] oke wix]7} 6.010£0.088, MGS 0.5mM
Helgh wh®]7} 6.476+0.036 ¥ MGE 1.0 mM
Helgh A7} 7.640+0. 1442 Z2HHc}, =3}
ool A whille] AHSelx 129Ao) gleo] Fxr}
71uf A o] 1/22 A3k wiA]el A MGE 1.0 mM
xe]gt wi A7} oh2 wE al A B fojskA Z71e)
%tk (Table 4). &% 15449 o ofeo]&A
chll A EF (pg - ml DR BEHE 7] ) 2ol A
MGE AHe|3hA] o2 wizj7} 3.6404+0.027, MG
£ 0.5mM A& w7} 3.016+0.019, MGE
L.O0mM A& wix7} 2,7234+0.017, 99 =
7b 71ef A o) 122 AskE wiRlel M MGE A e
&2 oke i) 7} 2, 603+0.232, MGS 0.5mM

2 o

Table 3. Changes in the mean anionic protein content of Sccencdeswis obliquus treated with various

concentrations of phosphate () and methylglvoxal (MG)

Anionic Protein content (ug - ml ')

PV MG (mM) DAI* 3 DAI 6 DAL 9 DAI 12 DAI 15
1 0 0.997 10, 104+ 1.086 =0, 064! 3572200101 3.685x0, 101 4.535+0,034*
0.5 1.039%0, 082= 1.574£0.036¢ 4,4431+0,091¢ 6.639E0,050¢  6.110£0.038
1 1.003£0, 0474 2,1994+0, 0651 4.317+0,061¢ 5.480+0. 031 6. 186 10,038
1/2 0 0,8600, 150¢ 1.080£0.013¢ 2.985+0, 031 7.43610,3457 6,868 £0.613¢
0.5 1.045+0.192¢ 1.578+0.041 4.409+0, 931" 14.0344£0.409*  8.78810, 255
1 0.917£0,223 2,208 0,105 5.056 0. 276" 8.6460,086"  9,41240, 2274
1/4 0 0,999 0. 045" 5. 3100, 099 6.9010, 063 6.700£0,029°  6.010£0,088"
0.5 1,055 0, 068 3,018 10,069 7.428 10, 204" 7
3

b
—_

L0050, 083 3.87610.091"

1) 1=Full Strength of Basic Media, 1/2=Hall Strength of Basic Media in phosphorous,

Strength of Basic Media in phosphorous
2) DAI=Days after Inoculation
3) Mean=SD

LO73E0, 198 6.476 0. 036¢
7

8.52710, 183 7.14040,310¢ L6400, 144¢

1/4=Quarter

1) Means with same letter in column are not significantly different (Duncan’s multiple range test, a=

0.05).
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Table 4. Changes in the mean cationic protein content of Scenedesmus obliqguus treated with various
concentrations of phosphate(P) and methylglvoxal (M(;

Lat10mc Pmtem content (ug - ml ")

PY MG (mM) DAI® 3 DAI 6 DAI 9 DAI 12 DAI 15
1 0 0.95210,099%at 4.354 0, 256¢ 0.971£0,003¢ 0.993+£0, 027 3.640%0, 0279
0.5 0.936x0.0744 3.324+0.077¢ 0,982+0,020¢ 3.814+0.029¢ 3.016+0, 019
0.939%+0. 044 3.698 %0, 110¢ 0,9924+0,0144 2,408+£0.014f 2.723+0.017°
1/2 0 0.970%£0, 169 6.753+£0,078 0,467 £ 0,005 2.96740,138" 2.603+0, 2321
0.5 0,299+0, 055" 2.674+0. 069 0,95610,202¢ 14.92940. 4352 3.89140,113¢
1 0.9414+0, 229" 4.764+0, 226" 1.028 %0, 0564 7.225+0,071" 6.868+0.166%
1/4 0 0.900+0.040° 4,770%0, 089" 1.804x0.017" 4.100£0,018¢ 2.31440,034¢
0.5 0.898+0, 058 4.416x0. 087 1.210£0.033¢ 3.803 %0, 0994 2.723+0.015°
1 0.908+0.075¢ 1.348+0.032¢ 4.516%0.097* 3.641+0, 1584 6.014+0.114"

1) 1=Full Strength of Basic Media,
of Basic Media in phosphorous

2) DAI=Days after Inoculation

3) Mean=Sh

4) Means with same letter in column are not significantly different (Duncan’s multiple range test.

28 w27} 3.891+£0.113, MGS 1.0mM %
28t w27} 6.868+0.166, U ¥ w7} 7]HufR)
o 1/42 A5l miAl A MGE AelslA] b2 u)
A7} 2.314£0.034, MGE 0.5mM 3t ujz|
7} 2.723%£0.015 3 MGE 1.0mM & ujz]
7} 6.014+0.1148 =4S}, olgst Azp:= A
a7 A" A ¥lel AFHge| FhEka glo]
.E,.

A A4 Rgo] ghlal ool FAEo tt
Wzl gFo] Z718lM free amino acid®l %= Z7}s}
7] W &el Aoz Atz E},

4 B

el (phosphorous, P)3} methyglyoxal (MG) o]
2l Scenedesnus obliquus A 22 A
& ALY $iste] Hekit see
11?‘45}"4 *3'17*] 13 Mzs A5, 4=

#FdE, 258, J I8, AR

Z}o] 7} Rl
1. AESLE 15978 1/2P wlAe A= MGE
mM, 0.5 mM= g3 A7 MGE 1.0 mM=&

1/2=Half Strength of Basic Media in phosphorous,

1/4=Quarter Strength

o=:0,05),

el wiAlBe folatA Zolsiglon, 1/4P )
A M= MGE 0.5mME 228 w27} MGE 0
mM, 1.0mM=Z Mgt wjx] R} §-o3H Z7}s)
art,

2. 1mlg 272 ZAFFE 9UA 1/2P w2l A
MGE AgstA & wix|7} o2 nE wjxng
folshA Frsldeh, Axd AFeke 1594
1/2P WAl E MGE 0 mME X238 wix)7}
MGE 1.0mM, 0.5mM=& x]2]3 wjx]nc} 89
A Z7bstedar, 1/4P wiRlo| A MGE 0mM,
0.5mM= 2|g W=7} MGE 1.0mM= Azt
WA v} FolshA 7)stelc

3. 15942 954 Fekg Nz F =4 ek
2 1/2P WA A MGE #E]slA] obe
28 AR §Fo)5A Zhskdc

4. FIAEES 1594 712 AN MGE g

A o> Wi A7} G BE e R §oEA E
7betedom, 3EFE-S 1544 wix k] 23 2
15 el Al ekatet,
5. §olXA ke 7|2
7Febd L, 1/2P iAol M= 3, 6 H 9dA A3
74 & F438 Fvkslea, 1/4P wiReM = 3,
6 3 944 7x Zriak & Z}is}aic}. oFol &4
chilale 125 o] 1/2P wiz|olA MGE 0.5 mM
el w27} oh2 mE uix o folstA Zv)s)
oAt

[+

WA HAE 2
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