Kor. J. Appl. Microbiol. Biotechnol.
Vol. 27, No. 1, 54—61 (1999)

QSAREHHE 0|28 CAHs?} Chlorophenol |0 [t EC,2t OIS

OI2F - RE2 - 0|HA' - AUHE - MY+
Haoistn AHAIADSE AZE7EZen), LGAN F)eT L

Prediction of EC,, of Photobacterium phosphoreum for CAHs and Chlorophenol Derivatives Using
QSAR. Lee, Hong-Joo, Seung-O Yoo, Jeong-Gun Lee', Byung-Yong Kim, and Uck-Han Chun*.
Department of Food Technology and Science, Institute of Life and Resource Sclence, Kyung
Hee University, Suwon, Kyungki 449-701, Korea, 'R&D Center, LG Industrial Systems Co., Ltd.,
Anyang, Kyungki 431-080, Kored - Measurement of inhibition of bioluminescence in Photobacterium
phosphoreum has been proposed as a sensitive and rapid procedure to monitor toxic substances. However,
at first, EC,, which shows degree of toxicity to each toxic substances must be calculated. QSAR
(Quantitative Structure Activity Relationship) model can be used to estimate ECs to save time and en-
deavor. Moderately high correlation coefficients (*>0.97) were calculated from the linear correlation
between ECs, and molecular connectivity indices of CAHs (chlorinated aliphatic hydrocarbons) such as
X, ’X’, 'X, X and *X] and quadratic correlation between EC; and X, °X’, X', *X,, *°X] and P. It
shows that the molecular connection indices in carbon structure is contributed to biological characters
with linear relation and that in the other one with quadratic relation. The ECs, of chlorophenol deri-
vatives had quadratic relation with the value of octanol/water partition coefficients (*=0.99) and linear
and quadratic relation with the number of chlorine compound (°>0.94). This confirms the already
known trend of increasing toxicity with increasing ability of a compound to diffuse through cell mem-
brane and number of chlorine substitution.
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octanol/water partition coefficients
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Fig. 1. The response of luminescent bacteria for various chl-
oroform concentrations.
The concentration unit of chloroform is ppm.
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Fig. 2. The variation of bioluminescence after storage at 4°C.

Bioluminescence had maximum value at about 10 min and
was stabilized.
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Fig. 3. The dynamic response of bioluminescence in various CAHs.
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The unit of toxic substances concentration is ppm. The effect of (a) chloroform, (b) 1,2-dichloroethane, (c) dichloromethane, and (d) tri-

chloroethylene.
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Fig. 4. The dynamic response of bioluminescence in various chiorophenol derivatives.
The unit of toxic substances concentration is ppm. The effect of (a) phenol, (b) chlorophenol, (c) 2,4-dichlorophenol, (d) 2,4,5-tri

chlorophenol.
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Fig. 5. The relationship between log concentration of toxic
substances and the log gamma value for each CAHs.

#, the gamma values for chloroform; B, for 1,2-dichloroethane;
A, for dichloromethane; @, for trichloroethylene.
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&, the gamma values for phenol; B, for chlorophenol; A, for 2,
4-dichlorophenol; @, for 2,4,5-trichlorophenol.
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Table 1. EC4, of each CAHs at 3 min, 10 min and 20 min
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7P L 208 502 ECoo2 Akl o #ahv
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3l mg/L 299 % A& mmol/LE A3t F9
2} 5% el ANOVA testd A7} X9} X'l gt 3]
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23} me T &3} wAA} Asalge] AReH

. 3 min 10 min 20 min
Toxic substances -
ECs,(X 10° ppm) R’ ECso( X 10° ppm) R’ ECs( X 10* ppm) R’
Chloroform 0.8450 0.98 0.3677 0.96 0.5363 0.98
Dichloromethane 5.8302 0.92 1.1040 0.95 1.5654 0.99
Dichloroethane 10.7847 0.58 0.3164 0.88 0.2774 0.99
Trichloroethylene 46.5707 0.16 0.9077 0.94 0.4359 0.99
Table 2. ECs, of each chlorophenol derivatives at 3 min, 10 min and 20 min
) 3 min 10 min 20 min
Toxic substances > > > 5 > S
ECs( X 10° ppm) R ECqo(X 10° ppm) R ECs(x 10° ppm) R
Phenol 4.2417 0.97 3.1328 0.94 1.7871 0.93
Chlorophenol 1.4274 0.78 1.0344 0.93 1.0212 0.94
Dichlorophenol 0.3562 0.98 0.1503 0.98 0.1272 0.95
Trichlorophenol 0.2062 0.87 0.1266 0.91 0.0777 0.99
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Table 3. The connectivity indices and polarizability of CAHs

Hydrocarbon ’X X" X X . X' X, v P

Dichloromethane 2.7 297 1.41 1.60 0.71 0.91 0.00 0.00 -0.037
Chloroform 3.58 3.98 1.73 1.96 1.73 2.23 0.58 0.84 -0.104
1,2-Dichlroethane 341 3.68 1.91 2.10 1.73 1.13 0.00 0.00 0.300
Trichloroethylene 4.28 4.48 2.27 2.08 3.00 1.62 0.41 0.37 -0.386

Table 6. QSAR for EC;, and the octanol/water partition
coefficient (log P) and N of chlorophenol derivatives to P.

Table 4. QSAR for molecular connection indices and EC;,
of CAHs to P. phosphoreum

Equation p{ECs(20 min)}= n r
1 3.994 - 1.817°X+0.337(°X)’ 4 099
2 6.717 - 3.257°X"+0.511CX’Y’ 4 099
3 1.594+5.651°X" - 9.058CX,) 4 097
4 1.59443.621°X; - 3.984C°X. Y’ 4 097

Table 5. Octanol/water partition coefficients (log P) of chloro-
phenol derivatives

Chlorophenol derivatives

Log P
Substituent position (s) Number of chloride
0 1.48
2 1 217
2, 4 2 3.08
2,4, 6 3 3.69
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371 93l mg/L H9d AS mmol/LE AFHshsd
t}. 7+ chlorophenol %49 octanol/water partition
coefficients¥ Govers S[11]e] & 3H& o] &3}t
(Table 5). Chlorophenol §-%42] ECy= -+ 2} 5%°]
WellAl ANOVA testdt 27 log P tlzle] 22k 239
AR $HR AeE-S wolch w3 ECuiheg
vl s ¥9kS u chlorine substitution¥ 54 x4

phosphoreum

2

Equation P{ECs(20 min)}= n r
1 2.761+0.969(log P)- 0.402(log P)’ 4 099
2 3.505 - 0.806N 4 094
3 3.338 - 0.230N — 0.202N° 4 099
4 5.037-1.036(log P)-4.177x10°N 4 095

*N is the number of chlorine compound.

Al 12k} 22k8) A A 227} 5% o] om
Z log P2} chlorine substitutiong contribution g2
3l QSAR 2 d-& FAFEI ). Table 6= p(ECo) & &
44 y2 3le] ANOVA test¥ 23} f-2] 3} 5%0°] o]l
4] octanol/water partition coefficients$}e] AF##AIE
Design Expert Z213-3 AMg-8te] opF3| A A5t
uhg Wapel] i3k Rd& A7 3] A2 & Yepd)

2 o

Photobacterium phosphoreum®] bioluminescence 7}4x
AT E o83t A2 54 EH-E monitoringdhe W
2 uh-go] BIZRstHA R wEvhe S 7R 2 Q)
7} A EA L 54 AxE Jehlls EC & 73}
= FAle] Adsfs|ojo} gt} QSAR TS o]gshH A
YAl v & AR s ECugke dlate] 7bs3t
t}. CAHs®| 79 #2144 A4E contribution 8
g o A 5%l HedlA X, X, X, X XE
luminescent bacteria®l ECs2} 12F AA##AIE X, °X,
X', K, ‘X o P 23 ARRAE Je A & '
A2pF obd 2k o A3 dAle 23 2y F
AasE o] 'aA3ke 13 Adade PE3HA
E49] eFel 713 AL 97’} Chlorophenol
=4+ octanol/water partition coefficientZ- contri-
bution 2 ste] {23} 5% Wl A log Pell A3}l
22 m3e] 4 A FAX 9 eSS Bgod, o
Al e ARAA(*=0.99)F 2& F U chiorine
compound®] N5 E AAAAZ BATH!>0.94). o]
Ais A2 B3 SAHEA-] BAilsles T3] £&
%% chlorine substitution®] B&4%F SAdo] Fsjri

ir N



73S A Jeld 3 971 = 3.
#A 2

£ Q7e 199745 Wy AE3shed sedrx
Avl(AEIHT 96-4-F) 2 I8k 79 (Project
No. 971-327('97.11.1)l &J3te] A+= 5l
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