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Color Characteristics of Monascus Pigments Derived by
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Various pigment colors were produced by Monascus fermentations with separate addition of 20 amino
acids. The color characteristics and structures of the pigment derivatives were investigated. When
each amino acid was added to the fermentation broth as a precursor, pigment extracts with different
hue and chroma values were obtained depending on the content ratios of yellow, orange, and red
colors in the fermentation broth. The yellow and orange pigments were identical regardless of amino
acid addition. The red compounds varied on the basis of the type of amino acid added. LC-MS and
1H and 13C NMR structural analyses confirmed that the derivative pigments contained the moieties
of the added amino acids. L*, a*, and b* values of the CIELAB color system for the derivative pigments
were measured. Values of hue and chroma were then calculated. The colors of the derivative pigments
were in the range of orangish red to violet red. The hydrophilicities/hydrophobicities of the derivative
pigments could be predicted from their log P values, which were estimated using computer programs.
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INTRODUCTION

CsHi

O

Species of the genuslonascushave been used for many
years in the manufacture of traditional foods (red wines, tofu, ©
meats, etc.) in east Asian countries. Recentypnascus 1 ©
pigments have been used in sausages and hams as a coloring
agent. There are reports that the pigments producei¥dy
nascusspecies consist of six major compounds. These are CHyy
yellows of monascin (1—3) and ankaflavin (4), oranges of °
monascorubrin (56) and rubropunctatin7), and reds of
monascorubramine (8) and rubropunctamine By(re 1).

The structures of the orange compounds in ethanol can be
transformed in the presence of nitrogenous compoum@} ( 0
The oxygen part of orange pigments was considered to be
replaced by the nitrogen of the added compourdy {1).
Amino acids, peptides, amino sugars, amino alcohols, chitosan,
and nucleic acids have been proposed as substituent agights (
The structures of pigments derived with glutamic adig (L3),
aspartic acid, and alanine (14) have been partly investigated.
However, studies on a broad spectrum of derivatives have not
yet been reported. There are only a few publications, which Figure 1. Structures of six major pigments produced by Monascus
deal primarily with the color characteristics of derivatives. species: 1, monascin; 2, ankaflavin; 3, monascorubrin; 4, rubropunctatin;

We added 20 individual amino acids as precursors in > monascorubramine; 6, rubropunctamine.

Monascuscultivations for synthesis of pigment derivatives.
Various red colors were produced and the color characteristicSMATERIALS AND METHODS
investigated. The structures of the derivative pigments were also

o

Reagents. Amino acids were purchased from Sigma-Aldrich

analyzed. Co. Glucose-peptone medium and fermentation medium were
obtained from Difco Co. Chloroform and methanol were purchased
* Corresponding author (telephonieB2-2-2123-2886; faxt+-82-2-362- from ‘I_'edia Co. The other chemicals were products of Duksan Pure
7265; e-mail csshin@yonsei.ac.kr). Chemical Co.
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Cultivation for Synthesis of Derivatives. The strain used for  Tapje 1. Colorimetric Values of Fermentation Extracts Depending on
production of pigments wadonascussp. KCCM 10093 (KCCM: Various Amino Acids

Korea Culture Center for Microorganisms). After 5 mL of distilled water
was put into a strain slant and vortexed, the spore solutions were CIELAB color system
collected. Seed cultures were grown in 500 mL baffled flasks containing

B . ] added hue
75 mL of glucose—peptone medium that had been inoculated with 5 amino acid L* a* b chroma®  angle®
mL of the spore solutions. Flasks were then cultivated for 36 h at 30
°C and 200 rpm on an HM-90R rotary shaker (Human Science CO., NHzNO3 (Control) 50.54 £0.04 59.12+0.13 47.50 £ 0.09 75.84 38.78

Seoul, Korea). The composition of the glucesgeptone medium was ~ Sene. 59.60+£002 52624005 3523+002 6332 33.80
as follows: 5.0% glucose, 2.0% peptone, 0.8%,RA;, 0.05% CH- threomne 68.83+0.02 38.26+0.03 70.07+0.06 79.84 61.36
COOK, 0.2% NaCl, and 0.05% MgSOH,O. For fermentation cystellneA 71.11+0.02 41.71+0.07 56.09+£0.05 69.90 53.36
L methionine 70.43+0.03 37.22+0.08 40.15+0.05 5475 47.17
cultures, _after th(_a 500 mL baf_ﬂed flasks qontamlng 75 mL of the asparagine 63.65+004 4612+011 5982 +013 7553 5237
fermentation medlum had been inoculated with 7% of the seed cultures, glutamine 67.04+£002 4596+007 488+005 4622  6.06
they were cultivated for 5 days at 3¢ and 200 rpm on a rotary shaker.  aspariic acid 84.99+0.03 41.28+011 7447+004 8515 6100
The fermentation medium consisted of 5% glucose, 1.0%N®4, glutamic acid 69.10+0.06 37.43+009 61.81+0.10 72.26 55.80
0.1% KH,PQOs, 0.05% MgSQ@-7H,0, 0.05% KCI, and 0.001% FeSO lysine 71.89+0.02 38.89+0.08 5576+0.06 67.98 55.11
at pH 6.6. For derivation of pigments with amino acids, the fermentation arginine 69.10+0.24 44.47+0.18 49.38+0.14 6645 47.99
medium was the same except that 1.0%,NB; was replaced with histidine 71.62+003 3527+0.11 36.51+006 50.76 45.99
0.3% NHNO; and 0.7% amino acid. Each amino acid (20 types of Phenylalanine ~ 63.72+004 46.9+0.13 8385£011 9612 60.73
L-amino acid) was not initially added but at 24 h of cultivation, and :{;gts(l)r;])ian gg;ifggi i?iéfgg gggé f 823 ?gig g;;g
tcrl)engﬁ:g\r/gtlons were continued for an additional 4 days under the same glycine 5090+ 005 63674011 22124008 6740 1916
- . alanine 50.35+0.03 62.33+0.10 3866+0.06 73.35 3181
Extraction of Pigments. After 100 mL of cell culture had been valine 7068+002 3358+009 83.26+008 8978 68.04
collected in the 500 mL flasks, 100 mL of 95% ethyl alcohol was added. |gycine 55.63+0.05 56.25+0.13 8450+011 10151 56.35
The flasks were incubated on a reciprocal shaker (International Scienceijspleucine 59.21+0.04 51.09+0.12 96.02+0.12 108.77 6198
Co., Seoul, Korea) at 30C and 180 rpm. The solutions were then  proline 6041+0.05 46.15+0.15 70.11+0.11 83.94 56.65
filtered to produce crude pigment extracts.
Color Analysis of Pigments.The absorbance values of pigment aChroma (C) = [(a%)? + (b*)?]¥2 ® Hue angle (ha) = tan—%(b*/a*).

solutions at 510 nm were adjusted to the range of-2.0 for color

analysis. The values df*, a*, andb* were measured by a CR-300  ppqingtetten, Germany) operating at 600 MHZ#$NMR and at 150.9
colorimeter with the CIELAB color systeml§) (Minolta Camera MHz for 3C NMR.

Co., Ltd., Osaka, Japan). These values were then used to calculate

chroma (C*) and hue angléif,) values.L* indicates lightness from 0

(black) to 100 (white). Positives and negativesirrepresent red and RESULTS AND DISCUSSION

green, respectively, whereas positives and negatives' irepresent

yellow and blue, respectively. Chroma values denote the saturation or  Color Characteristics of Fermentation Extracts. Twenty
purity of the color. Values close to the center at the sarnealue different individual amino acids were added as nitrogen source
indicate dull or gray colors, whereas values near the circumferencetg the fermentation medium duriniylonascus cultivation.
represent vivid or bright colors. Hue angle values represent 0 for Fermentation broths were extracted with ethanol and used for
redness, 90 for yellowness, 180 for greenness, and 270 for b'“enessanalysis of color characteristics. The valued bf a*, and b*

L*, a*, and b* values of the pure pigments were obtained from e - - . .

preparative TLC after the spots had been collected, extracted with 95%W€fre all positive when ?"her ammonlum nlltrat.e or an amino

ethanol. and filtered acid was used as a nitrogen source, indicating yellowness
’ : and rednessTiable 1). The lightness values were-520. The

TLC and HPTLC of Pigment Extracts. Crude extracts of . . .
fermentation broths were analyzed by TLC. After ethanol extracts had hue angle of the control (with ammonium nitrate) was 39,

been app“ed to p|atesy the silica ge| 634]._}5)|ates (Merck’ DarmstadL |nd|Cat|ng Ol’angish red on the baSIS Of a Scale Of 0 f0r redneSS,
Germany) were developed with a solution of chloroform/methanol/ 90 for yellowness, 180 for greenness, and 270 for blueness.
water (90:25:4). TheRs values and areas of pigment spots were The values for serine, glutamine, glycine, and alanine cor-
measured on the basis of image analysis by an HPTLC of winCATS responded to red. Values for the other amino acids were 40
Planar Chromatograph (Camag Scientific, Inc., Wilmington, NC). 80, indicating more orangish red compared to the control. The
Purification and Structural Analysis of Pigment Derivatives. chroma values varied in a range from 40 (gray) to 110 (bnght)
After the major pigment spots on preparative TLC (silica gel 60, according to the amino acid. On the basis of the hue angle and
50 TLC pla_tes, Merck) had been collected and di_ssolved in ethanol, chroma values the pigments derived with amino acids had
they were filtered through a 0.48m PTFE syringe filter (Whatman) - o 15 shades of red. HPTLC analysis was used to determine

to remove silica gel. Pure pigment solutions were thus obtained. - o .
LC-MS spectrometry was used to measure molecular weights as 5the reason for the various shades of red exhibited by the pigment

means of identifying the derivative pigments. A Micromass Quattro- €X{racts. Colors were classified into three categories of yellow,
LC triple-quadrupole mass spectrometer (Micromass, Manchester, U.K.) Orange, and redgure 2). Ratios of major spots for the samples
equipped with an APcl probe and Z-spray interface was used as theshown inTable 2 were measured by using an HPTLC image
detector. APcl was performed in the positive mode with the desolvation analyzer. The colors varied according to the amino acid used
gas set at 580 L/h and the temperature of the probe set CGlIIAS as a precursor in the fermentation medium. When serine,
tunning parameters were obtained with a corona voltage setting of glutamine, glycine, alanine, and histidine were added, the red
3.72 kV, a cone voltage of 31 V, and a source block temperature of content was responsible for50% of the total. However, with
100°C. HPLC (HP-1100) was carried out on a 2504.6 mm, id.. 5 yhenviglanine, valine, leucine, and isoleucine, the total content
um ODS Gg column (Hypersil, Kleinostheim, Germany). Operational of yellow and orange was>50%. The variety of colors

conditions included a run time of 40 min, a flow rate of 0.8 mL/min, d dent . id det ined b
and an elution gradient of distilled water/methanol from 100:0 to 30: ependent upon an amino acid precursor was determined by

70. Absorbance values at 425 nm were measured on a Uv-120-2the amounts of yellow, orange, and red produced during
spectrometer (Shimadzu Co., Kyoto, Japan). For detailed analysis of fermentation. TheR values were measured by HPTLC. Spots
the structure of the glycine derivative of the pigment, NMR spectra |, Il, and Ill indicate the respectivi values of yellow, orange,
were recorded in CEDD using a Bruker Avance-600 (Bruker, and red for the pigment extracts. T values for spot |
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Table 3. Evaluation of Retention Times and Molecular Weights for the
Amino Acid Derivatives of Monascus Pigments by LC-MS
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controlyellow C21H2505 29.8 359.8 C23H3005 31.1 385.8
control orange Cy; Hz205 30.0 355.8 Cy3H20s 315 3841
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; E = / ; f § control red Co1H2oNO4 26.2 354.7 CosHasNO4 28.9 382.7
02 2 1 Y ? g = g serine C24H27NO7 15.1 442.9 CzeH31N07 17.7 470.9
a0 a0 ; : threonine  CosHsNO; 162 4569  CyHgNO; 195 4849
‘N g X 7 ] é cysteine CouHzNOGS 155 4589  CyHuNOeS 185  486.9
0 AANAARY A methionine  CosHuNOGS 184 4869  CogHsNOGS 215 5149
con 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 asparagine CosHgN,O7  13.9 491.8  Cy7H3N,07 15.2 519.8
N-source® aspartic acid C25H27N08 129 492.8P C27H31N08 14.6 520.8P
. . . . . . . . glutamic acid CosH29NOg 145 506.8 CogH33NOg 16.8 534.8
Flgure 2. Ratios of major plgment§ In fermentatlon extracts: (bars W!th lysine CoHuN,O  23.3 479.9  CygHaN,0g 26.5 507.1
slashes) yellow spot; (bars with horizontal lines) orange spot; (bars with arginine CHuNsOs  26.1  508.1° CpoHaNsOs 264 5359
backslashes) red spot. N source: con, NH4NO; (control); 1, serine; 2, histidine  CarHaoN3Os  23.3 494.9°  CpHaNOs  27.5  521.1°
threonine; 3, cysteine; 4, methionine; 5, asparagine; 6, glutamine; 7, phenylalanine 830:31H86 ﬂ-g g‘l)gg 232:35“86 igg 222'8
aspartic acid; 8, glutamic acid; 9, lysine; 10, arginine; 11, histidine; 12, %gzgian CZZHziNz(;s 176 5419 CjiH;Zsts 203 5699
phgnyalanine; 1_3, tyrosi_ne; 14,_ tryptophan;l 15, glycine; 16, alanine; 17, giycine CoHosNOs 143 4128  CosHaoNOs 160  440.8
valine; 18, leucine; 19, isoleucine; 20, proline. alanine CoH7NOs 145  426.8  CysHaiNOs 16.6  454.9
valine CosH31NOg 16.2 454.8 CygH37NOg 19.3 483.0
Table 2. HPTLC for Major Spots of Fermentation Extracts leucine CorH3NOg 184 4688  CypHzNOs 210 497.0
isoleucine Co7H33NOg 175 468.8 CogH37NOg 20.3 496.2
added amino acid spot 2 spot 1P spot Ill©
NH4NO; (control) 0.98 0.95 0.88 2 CsHyy and C7Hys are side chains of the Monascus pigments shown in Figure
serine 0.99 0.94 0.31 1. ® The molecular weights measured from the data of mass spectrometry were
threonine 0.99 0.95 0.35 not completely in agreement with the predicted values.
cysteine 0.98 0.93 0.06
thioni 0.99 0.93 0.53 .
;”Sepa:gg'iﬁi 098 093 025 (Table 3) with supposed Rgroups of GH11 and GHis (16).
glutamine 0.98 0.93 0.88 The retention times of the control red pigments were 26.2 min
aspartic acid 0.98 0.93 0.14 for CsH11 and 28.9 min for GHys. Their molecular weights were
Ig'”,tam'c acid g-gg 83‘2‘ 8-1‘5‘ 354.7 and 382.7, respectively, which are the same as the weights
g%'ir:ﬁne 0.98 0.93 0.18 of monascorubramine (8) and rubropunctami@e Thus, the
histidine 0.98 0.93 0.18 control red pigments were confirmed as monascorubramine and
phenylalanine 0.98 0.93 0.24 rubropunctamine. Conversely, the retention times of the deriva-
tyrosmi 832 832 8% tive pigments that were produced with amino acid supplementa-
;mﬂ‘; an 099 oo 01 tion were considerably lower in most cases compared to the
alanine 0.98 0.92 0.30 control reds due to the increase of hydrophilicity. Under the
valine 0.99 0.94 0.42 assumption that amino acids were incorporated into pigments
!eulc'“e, ggg g-gj 822 (10, 11, 13), the molecular formulas and weights of the
ISoleucine . A . : . f :
proline 0.98 0.92 0.88 derivative pigments were predicted. When these values were

compared with values obtained from LC-MS analysis, most
a Yellow spot. ® Orange spot. ¢ Red spot. cases showed the same weights except aspartic acid, arginine,
and histidine, with values differing by-34 mass units. However,

(yellow) were essentially the same for all extracts. The values glutamine and proline were probably not mcorporatgd as
for spot Il (orange) were similar in all cases. These results SUPPlements. The fragmentation patterns of the derivative

indicate that the same yellow and orange compounds werePIgments obtained by mass spectrometry were compared with
produced during fermentation, regardless of the amino acid the patterns oMonascuspigments (16,17). The base peaks
supplement. The yellow and orange pigments were hydrophobicfor Monascugigments (/z2354.7, 312.7, 214.5, 188.7, 146.3,
with respect to th& values. However, thg; values of spot IlI 114.4, and 106.3) were identical for the control red and the
(reds) varied in a low range from 0.1 to 0.6 depending on the derivative pigments excluding the amino acid moiety. The
added amino acid, indicating the formation of different red glycine pigment derivative was selected for further purification
compounds. When hydrophilic amino acids such as aspartic acidby preparative TLC and preparative HPLC and analyzed by
and glutamic acid were used as supplementsRhelues of H NMR and *3C NMR. Table 4 shows that the carbons
the pigments were lowered. The pigments were generally moreand protons of chemical shifts in the glycine derivative are close
hydrophilic than the control (NFNO3). The amino acids used to the shifts ofMonascuspigments (12,14, 18). The glycine
as supplements were apparently incorporated into the structuremoiety of the pigment was confirmed by the chemical shifts of
of the pigments. two carbons ¢ and 3, 73.19 and 173.78 ppm, respectively)
Structural Analyses of Derivative Pigments. The red spots ~ and protons (3.60 m). The structure of the glycine derivative
on preparative TLC plates were collected and analyzed by LC- pigment is shown inFigure 3. The structures of the other
MS. The retention times and molecular weights of the pigments derivative pigments are probably similar except for the amino
were measured. Each red spot consisted of two compoundsacid moiety.
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Table 5. Colorimetric Values for Amino Acid Derivatives of Monascus

Pigments
absorption
CIELAB color values spectra (nm)
hue
L* a* b*  chroma® angle® Amaxt® Amax®
control yellow  98.62 -7.11 2396 2499 106.52 354 418
control orange  92.79 1269 2536  28.36 63.41 356 470
control red 7327 37.03 2645 4551 3053 422 508
Figure 3. Structure of the glycine derivative of Monascus pigments. serine 59.88 59.78 21.84  63.64 2007 422 514
threonine 6098 6051 1833 6323 1685 417 516
cysteine 7432 4211 3546 5505 4010 423 498
Table 4. H (600 MHz) and 3C (150 MHz) NMR Assignments of the methionine 54.67 6224 3542 7161 2964 423 512
Glycine Derivative asparagine 60.97 57.13 2366 61.84 2250 425 514
aspartic acid 70.25 4618 13.76  48.19 16.59 418 516
carbon? dc O carbon? e O glutamicacid  62.05 5553 2026 5911 2771 424 514
lysine 8418 2305 2321 3284 3684 423 502
1 2358 197dd 14 173.36 arginine 8112 2860 2554 39.06 3590 426 501
2 141.54 6.40m 15 93.93 histidine 6720 49.94 2377 5531 2545 424 506
3 11699 6.71m 16 198.64 phenylalanine 6544 5216 17.70 5508 1874 426 512
4 152,55 7 41.20 2.82t tyrosine 7524 3686 1229 3885 1844 423 513
5 11852 711s 18 2602 1.60m tryptophan 6872 4955 1126 5081 1280 419 520
6 153.71 19 2635 133m glycine 5635 5999 1107 6100 1046 422 525
7 9858  6.66s 20 3057 133m alanine 6099 5537 2241 5973 1118 423 514
8 171.80 21 3284 133m valine 6176 5570 2119 5059 2083 427 513
9 86.88 22 1916 134m leucine 7120 4289 1316 448  17.06 427 513
10 196.54 23 1428 090t isoleucine 6134 5511 2053 5881 2043 423 514
1 123.10 o 7319  3.60m
12 14479 8.20s B 173.78 - — —
13 3055 1.65s Chroma (C) = [(@%)? + (b*)?“2 P Hue angle = tan—!(b*/a*). ¢ Maximum

wavelength of UV-vis absorption spectra.

2 Carbon numbers are shown in Figure 3.

Color Characteristics of Amino Acid Derivative Pigments.
After the red compounds had been purified from the fermenta-
tion cultures in which amino acids were used as supplements,
color characteristics and absorption spectra were analyzed using
a colorimeter and a U¥vis spectrophotometer. On the basis
of reports (12) that there is no difference in color characteristics

[J Y
between the Rgroups (GH11 and GHjs) of a pigment, mixtures "2 3"1-1173'-2
of two red compounds with different;Ryroups were used as ‘{.18 A A

180 i

samples for color analysis. As shownTable 5andFigure 4, -a

150 /

7

i

o

+b

yellow

e

the hue angles of the control yellow and orange pigments were greer
approximately 90, corresponding to light yellow and middle
orange. The red control pigment exhibited a hue angle of 30,
which represents middle or scarlet red. The red pigments of

the amino acid derivatives generally had hue angles-8®

and are considered to be deep red or rose. However, the red
derivatives of cysteine, lysine, and arginine exhibited higher
hue values than the control red, corresponding to orangish red.
Ultimately, various pigments in the range of orangish red to
deep red were produced by derivation of the control pigment
with amino acids. The absorption spectra of the derivative
pigments were measureddble 5). The control red pigment
had maximum wavelengths of 422 and 508 nm, similar to
reported values (120). Most of the derivative red pigments
had twoAdmax Values of 417427 and 498525 nm. Thelmaxe
values of the derivative red pigments were generally in a range
of 512—525 nm, which were higher than for the control red.
The glycine derivative of deep red had the highest values,
whereas the cysteine and lysine derivatives of orangish red had

270

p blue

A 51 \

[

il

020 30 40 50 60 7

Figure 4. Description of the CIELAB colorimetric system and a general
scatter plot for amino acid derivatives of Monascus pigments: @, derivative
pigments: Y, control yellow pigments; O, control orange pigments; R,
control red pigments; 1, serine; 2, threonine; 3, cysteine; 4, methionine;
5, asparagine; 6, aspartic acid; 7, glutamic acid; 8, lysine; 9, arginine;
10, histidine; 11, phenyalanine; 12, tyrosine; 13, tryptophan; 14, glycine;
15, alanine; 16, valine; 17, leucine; 18, isoleucine.

values below 500 nm. tyrosine, tryptophan, leucine, and isoleucine) exhibited high log

Hydrophilicities/Hydrophobicities of Derivative Pigments. P values Table 6). The hydrophilic pigments with glycine,
The logarithmic values of partition coefficients (I6®) were serine, threonine, aspartic acid, and glutamic acid exhibited low
calculated using QSAR computer programs based on thelog P values, as predicted. These results are in agreement with
structures of the derivative pigmentl( 22). Although some trends based oR; values from the TLC antk values of HPLC.
differences existed between the programs used, the trends wer@he partition coefficients of the pigments apparently can be
similar. The hydrophobic pigments (derivatives of phenylalanine, adjusted via derivation with amino acids.
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Table 6. Calculated log P for Amino Acid Derivatives of Monascus
Pigments

amino acid IA_LOGP® CLOGPY  LOGKOWe CD_LOGP1' CD_LOGP29

mOietyb Cg? CA Cs? Cs Cs2 Ca Cs? CA Cs? CsA
control yellow  3.66 4.67 248 354 236 334 148 231 121 200
control orange 2.71 389 175 281 115 198 0.89 1.68
control red 413 258 287 393 209 307 107 190 078 158
serine -1.87 =150 155 261 084 182 021 140 032 136
threonine -1.24 -081 186 292 126 224 053 136 074 153
cysteine 032 116 261 367 225 323 104 187 091 170
methionine 051 113 292 398 288 387 140 223 110 1.89
asparagine 010 037 122 234 031 129 -0.37 047 -0.37 042
asparticacid —0.29 —0.15 198 304 097 196 028 112 049 1.28
glutamicacid -0.75 -0.30 1.88 294 147 245 056 140 074 153
lysine 159 236 020 126 -0.89 0.09 0.80 1.67
arginine 020 0.74 -1.17 -0.11 129 227 053 136 1.64 0.88
histidine 171 230 1.79 285 208 306 —-0.08 0.75 0.07 0.86
phenyalanine 204 2.60 419 525 401 500 274 357 280 359
tyrosine 042 095 352 458 353 452 235 318 251 3.30
tryptophan 457 553 418 524 408 506 293 376 274 353
glycine 071 155 224 330 114 212 047 140 057 1.36
alanine 094 174 277 383 231 329 171 255 174 254
valine 126 204 370 476 322 469 260 343 262 341
leucine 204 230 423 529 371 469 230 313 230 3.10
isoleucine 204 230 423 529 371 469 262 345 261 340

aCsHip and C;His are side chains for the structure of Monascus pig-
ments shown in Figure 1. ® Amino acid moiety of Monascus pigments. =9 Cal-
culated log P of QSAR online program: ¢ http://www.logp.com; ¢ http://
www.daylight.com/meetings/mug98/Leo/clogp_history.html; € http://esc.syrres.com/
interkow/kowdemo.Htm; 9 CS ChemDraw Ultra 5.0.
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