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MICROORGANISM COATING COMPONENTS, 
COATINGS, AND COATED SURFACES 

[0001] This application claims the bene?t of US. patent 
application Ser. No. 10/655,345, entitled “Biological Active 
Coating Components, Coatings, and Coated Surfaces,” ?led 
Sep. 4, 2003; and Provisional Patent Application Entitled 
“Bioactive Protein Paint Additive, Paint, and Painted Vari 
ous,” Ser. No. 60/409,102, ?led Sep. 9, 2002, each incor 
porated herein in their entirety by reference. 

BACKGROUND OF THE INVENTION 

[0002] A. Field of the Invention 

[0003] The present invention relates generally to the ?eld 
of coatings (e.g., paints) and other surface treatments that 
comprise a cell-based particulate material. More speci? 
cally, the present invention relates to coatings such as paints 
or clear coatings that comprise a microorganism-based par 
ticulate material. The invention further relates to the use of 
a cell-based particulate material as a biodegradable coating 
component. 

[0004] B. Description of the Related Art 

[0005] Amicroorganism, such as a bacterium, a fungus, or 
an algae, is considered an undesirable contaminant in a 
coating and/or ?lm. A coating, ?lm, substrate, or a combi 
nation thereof may be detrimentally affected by the presence 
of a living microorganism. For eXample, a living microor 
ganism can alter viscosity due to damage to a cellulosic 
viscosi?er; alter a rheological property by increasing the 
gelling of a coating; produce an undesirable color alteration 
(“discoloration”) by production of a coloriZing agent; pro 
duce undesirable gas and increase foam in a coating; pro 
duce an undesirable odor; alter (e.g., loWer pH); damage a 
preservative; produce slime; reduce adhesion by a ?lm; 
increase corrosion of a metal surface by moisture production 
by a microorganism; increase corrosion of a metal surface by 
?lm damage; or damage a Wooden surface by coloniZation 
(e.g., fungal colonization). These changes can lead to the 
coating and/or ?lm becoming unsuitable for use. 

[0006] The undesirable groWth of a microorganism is 
generally more prevalent in a Water-borne coating, as the 
solvent component of a solvent borne-coating usually acts as 
a preservative. HoWever, a ?lm is generally susceptible to 
such damage by groWth of a microorganism after loss of a 
solvent (e.g., evaporation) during ?lm formation. Addition 
ally, various bacteria (e.g., Bacillus spp.) and fungi produce 
spores, Which are cells that are relatively durable to unfa 
vorable conditions (e.g., cold, heat, dehydration, a biocide) 
and may persist in a coating and/or ?lm for months or years 
prior to germinating into a damaging colony of cells. 

[0007] Examples of bacteria commonly found to contami 
nate a coating and/or ?lm include Pseudomonas spp., Aero 
bacter spp., Enterobacter spp., Flavobacterium spp. (e.g., 
F lavobacterium marinum), or Bacillus spp. Examples of 
fungi commonly found to contaminate a coating and/or ?lm 
include Aureobasia'ium pullulans, Alternaria dianthicola, or 
Phoma pigmentivora. EXamples of algae commonly found 
to contaminate a coating and/or ?lm include Oscillotoria sp., 
Scytonema sp., or Protoccoccus sp. Techniques are knoWn to 
those of ordinary skill in the art for determining microbial 
contamination of a coating and/or coating component (see, 
for eXample, “ASTM Book of Standards, Volume 06.01, 
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Paint—Tests for Chemical, Physical, and Optical Properties; 
Appearance,” D3274-95, D4610-98, D2574-00, D3273-00, 
D3456-86, D5589-97 and D5590-00, 2002; and “ASTM 
Book of Standards, Volume 06.01, Paint—Tests for Chemi 
cal, Physical, and Optical Properties; Appearance,” 2002). 
Various methods of coating preparation to reduce microbial 
contamination and/or prevent microbial groWth in a coating 
or ?lm are knoWn in the art [see, for eXample, Flick, E. W. 
“Handbook of Paint RaW Materials, Second Edition,” 263 
285 and 879-998, 1989; in “Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-SWard Hand 
book,” (Koleske, J. V. Ed.), pp 261-267 and 654-661, 1995; 
in “Paint and Surface Coatings, Theory and Practice, Second 
Edition,” (Lambourne, R. and Strivens, T. A., Eds.), pp. 
193-194, 371-382 and 543-547, 1999; Wicks, Jr., Z. W., 
Jones, F. N., Pappas, S. P. “Organic Coatings, Science and 
Technology, Volume 1: Film Formation, Components, and 
Appearance,” pp. 318-320, 1992; Wicks, Jr., Z. W., Jones, F. 
N., Pappas, S. P. “Organic Coatings, Science and Technol 
ogy, Volume 2: Applications, Properties and Performance,” 
pp. 145, 309, 319-323 and 340-341, 1992; in “Paints, 
Coatings and Solvents, Second, Completely Revised Edi 
tion,” (Stoye, D. and Freitag, W., Eds.) pp 6, 127 and 165, 
1998; In “Waterborne Coatings and Additives,” 202-216, 
1995; in “Handbook of Coatings Additives,” pp. 177-224, 
1987; and in “PCI Paints & Coatings Industry,” pp. 56, 58, 
60, 62, 64, 66-68, 70, 72 and 74, July 2003]. In conducting 
such tests, microorganisms such as Gram-negative Eubac 
teria including Alcaligenes faecalis (ATCC No. 8750), 
Pseudomonas aeruginosa (ATCC Nos. 10145 and 15442), 
Pseudomonas ?uorescens (ATCC No. 13525), Enterobacter 
aerogenes (ATCC No. 13048), Escherichia coli (ATCC No. 
11229), Proteus vulgaris (ATCC No. 8427), Oscillatoria sp. 
(ATCC No. 29135), and CalothriX sp. (ATCC No. 27914); 
Gram-positive Eubacteria including Bacillus subtilis (AT CC 
No. 27328), Brevibacterium ammoniagenes (AT CC No. 
6871), and Staphylococcus aureus (AT CC No. 6538); ?la 
mentous fungi including Aspergillus oryzae (AT CC No. 
10196), Aspergillus ?avus (ATCC No. 9643), Aspergillus 
niger (AT CC Nos. 9642 and 6275), Aureobasia'ium pullu 
lans (ATCC No. 9348), Penicillium sp. (ATCC No. 12667), 
Penicillium citrinum (ATCC No. 9849), Penicillium funicu 
losum (ATCC No. 9644), Cladosporium cladosporoides 
(ATCC No. 16022), T richoa'erma viride (ATCC No. 9645), 
Ulocladium atrum (ATCC No. 52426),Alternaria alternate 
(ATCC No. 52170), and Stachybotrys chartarum (ATCC 
No. 16026); yeast including Candida albicans (AT CC No. 
11651); and Protista including Chlorella sp. (ATCC No. 
7516), Chlorella vulgaris (ATCC No. 11468), Chlorella 
pyrenoia'osa (UTEX No. 1230), Chlorococcum oleofaciens 
(UTEX No. 105), Ulothrix acuminata (UTEX No. 739), 
Ulothrix gigas (ATCC No. 30443), Scenea'esmus quadri 
cauda (ATCC No. 11460), Trentepohlia aurea (UTEX No. 
429), and Trentepohlia odorata (CCAP No. 483/4); have 
been used as positive control contaminants of a coating. 

[0008] There have been descriptions of cell components 
and cells incorporated into some materials. US. patent 
Publication No. 2002/0106361 A1 discusses a marine anti 
fungal enZyme for use in a marine coating. ImmobiliZed 
enZymes in a lateX are discussed in the April 2002 edition of 
“Emulsion Polymer Technologies,” by the Paint Research 
Association Website http://WWW.pra.org.uk/publications/ 
emulsion/emulsion highlights-2002.htm. Recombinant 
Escherichia coli cells have been cryoimmobiliZed in poly 
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(viny1)alcohol gel spheres (Rainina, E. I. et al., 1996). Whole 
Flavobacterium sp. cells or cell membranes have been 
described as immobilized to glass membrane using poly 
(carbamoyl sulfonate) and poly(ethyleneimine) (Gaberlein, 
S. et al., 2000a). Escherichia coli cells Were ?xed behind a 
polycarbonate membrane (Mulchandani, A. et al., 1998a; 
Mulchandani, A. et al., 1998b). Recombinant Escherichia 
coli cells Were admixed in loW melting point agarose and 
applied to membrane that Was af?xed to a ?ber optic sensor 

(Mulchandani, A. et al., 1998c). Recombinant Moraxella sp. 
cells Were admixed in 75% (W/W) graphite poWder and 25% 
(W/W) mineral oil and placed into an electrode cavity (Mul 
chandani, P. et al., 2001b). Additional sensors using OPH 
have been described (Mulchandani, A. et a1., 2001). A cell 
extract has been immobilized onto silica beads and porous 
glass (Munnecke, D. M., 1979; Munnecke, D. M., 1978). 
Recombinant Escherichia coli cells have been immobiliZed 
in a po1y(viny1alcohol) cryogel (Hong, M. S. et al., 1998; 
Efremenko, E. N. et al., 2002; Kim, J.-W. et al., 2002). 
Recombinant Escherichia coli has been immobiliZed to 
polypropylene fabric by absorption of the cells to the fabric 
(Mulchandani, A. et al., 1999b). 
[0009] HoWever, there is still a need for environmentally 
friendly (e.g., biodegradable) materials for novel coatings 
and other surface treatments that remain active and stable for 
signi?cant time. Additionally, there is still a need for mate 
rials that give color, opacity, protection from light damage 
(e.g., UV light), camou?age appearance, and other desirable 
properties to coatings and other surface treatments. 

SUMMARY OF THE INVENTION 

[0010] A surprising and unexpected aspect of the present 
invention is the discovery of the suitability of a cell-based 
particulate material, particularly a microorganism-based 
particulate material, for use as a purposefully included 
surface treatment component. This discovery is surprising 
due to the problem of damage by living cells, particularly 
those of microorganisms, to surface treatments (e.g., coat 
ings, Waxes, textile ?nishes, Waxes, elastomers, adhesives, 
sealants) and/or a surface (e.g., Wood, metal), as is knoWn to 
those of skill in the art and described herein. Though it is 
preferred in many embodiments that a cell-based particulate 
material of the present invention is sterile While used in a 
surface treatment. In the practice of the present invention, 
cell-based particulate materials are contemplated for use as 
various coating and surface treatment components such as 
pigments, ?llers, light stab1iZers, binders, rheology control 
agents, and other embodiments described herein. To the best 
of the inventor’s knowledge, this selection of cell-based 
particulate materials as a surface treatment component is 
counter to the core teachings of the art as related to surface 
treatments. 

[0011] As used herein, a “surface treatment” refers to 
compositions applied to a surface, and examples of such 
compositions speci?cally contemplated include a coating 
(e.g., a paint, a clear coat), a textile ?nish, a Wax, elastomer, 
an adhesive, or a sealant. Such surface treatments are knoWn 
to one of ordinary skill in the respective arts of coatings, 
textile ?nishes, Waxes, elastomers, adhesives, and/or seal 
ants, and any technique or composition described herein or 
Would be knoWn to one of ordinary skill in these arts may be 
applied in the practice of the present invention in light of the 
disclosures herein of the utility of cell-based particulate 
material as a component of a surface treatment. 
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[0012] The present invention provides compositions and 
methods for use of a cell-based particulate material as a 
component of a surface treatment. A cell-based particulate 
material refers to particulate material prepared from a cell or 
virus. More speci?cally, the present invention provides 
compositions and methods for incorporating preparations of 
cells or viruses, particularly microorganism derived cells, 
into surface treatments as a particulate material. In the 
practice of the present invention, a preferred surface treat 
ment is a coating. In the practice of the present invention, a 
preferred cell-based particulate material comprises a steril 
iZed and/or attenuated cell-based particulate material, 
Wherein the majority or all of the cell-based particulate 
material has been killed and/or reduced in pathogenicity. 

[0013] The invention provides a coating or other surface 
treatment comprising a cell-based particulate material. A 
further disclosure of the present invention is the preparation 
of a cell-based particulate material With a limited number of 
processing and/or puri?cation steps from the organism from 
Which it Was produced. In preferred aspects, the cell-based 
particulate material comprises a cell Wall, a silica based 
shell/exoskeleton/cell Wall (e. g., a test, a frustule), a pellicle, 
a viral proteinaceous outer coat, or a combination thereof. 

[0014] In some embodiments, a cell-based particulate 
material of the present invention, such as a Whole cell 
particulate material or a cell-fragment particulate material 
Will be of a greater molecular Weight or mass per particle 
than other coating or surface treatment components. It is 
contemplated that the insolubility of a cell-based particulate 
material of the present invention Will be enhanced by a 
greater average molecular Weight. For example, the cell Wall 
component (e.g., peptidoglycan) of a single bacterial cell 
may be millions of kilo Daltons of molecular Weight, While 
most coating or other surface treatment components are 
typically less than 1,000 kDa (1.66><10_18 g) in Weight per 
individual molecule or particle. 

[0015] In some embodiments, the average Weight per 
single particle (“primary particle”) of a cell-based particu 
late material of the present invention may be measured in 
“Wet Weight,” Which is the Weight of the particle prior to a 
drying or an extraction step that Would remove the liquid 
component of a cell (e.g., the aqueous component of the 
cell’s cytoplasm). In certain aspects, the “Wet Weight” of a 
cell-based particulate material of the present invention (e. g., 
a Whole cell particulate material) that has its liquid compo 
nent replaced by some other liquid (e.g., an organic solvent) 
may also be measured in “Wet Weight.” The “dry Weight” 
refers to the average per particle Weight of a cell-based 
particulate material after the majority of the liquid compo 
nent has been removed. The term “majority” refers 50% to 
100%, including all intermediate ranges and combinations 
thereof, With the greater values preferred (e.g., 85% to 
100%). In general embodiments, it is contemplated that the 
dry Weight of a cell-based particulate material of the present 
invention Will typically be 5% to 30% the Wet Weight, 
including all intermediate ranges and combinations thereof, 
as it is usual for 70% to 95% of a cell to be Water. Any 
technique for measuring cell or particle siZe, volume, den 
sity, etc. used by those of ordinary skill in these arts for 
various insoluble particulate materials (e.g., pigments) used 
as coating, paint, or surface treatment components may be 
applied to a cell-based particulate material of the present 
invention to determine Wet or dry Weight values, particle 



US 2004/0175407 A1 

size, particle density, etc. Additionally, various examples of 
speci?c techniques are described herein (see, for example, 
the “Incorporation of a Particulate Material into a Coating” 
section of the Detailed Description herein). Further, such 
measurements of cell siZe, shape, density, numbers, etc. is 
knoWn to those of ordinary skill in the art of microbiology. 
For eXample, the average number of particles, siZe, shape, 
etc. of a cell-based particulate material of the present inven 
tion may be microscopically determined for a given volume 
and Weight of material, Whether prepared as a “Wet Weight” 
or “dry Weight material,” and the average particle Weight, 
density, volume, etc. calculated. 

[0016] In additional embodiments, it is contemplated that 
a cell-based particulate material of the present invention, 
including those prepared from a cell comprising a silica 
based shell/eXoskeleton/cell Wall (e.g., a test, a frustule), 
Will comprise one or more biomolecules that contribute to 
average molecular Weight of the particles of cell-based 
particulate material. A “biomolecule” as used herein is any 
molecule comprising carbon synthesiZed by a living cell and 
comprised as part of a cell-based particulate material. In 
most embodiments, the biomolecule Was part of the cell or 
virus from Which the cell-based particulate material of the 
present invention is produced, and is retained as part of the 
cell-based particulate material. In general embodiments, it is 
contemplated that a cell-based particulate material prepared 
from a cell comprising a silica-based shell/eXoskeleton/cell 
Wall or other non-biomolecule component (e.g., a diatom 
based particulate material), Will comprise a per particle 
average, by Wet or dry Weight, of 0.000001% to 100% of one 
or more biomolecules, including all intermediate ranges and 
combinations thereof. It is contemplated that in certain 
embodiments, all detectable amounts of the non-biomol 
ecule component (e.g., a silica based shell/eXoskeleton/cell 
Wall) may be removed by one or more processing steps, 
producing a cell-based particulate material comprising, by 
Wet or dry Weight, 100% or one or more biomolecules. 
Examples of the intermediate ranges and combinations for 
the minimum per particle average biomolecule Wet or dry 
Weight value for a cell-based particulate material of the 
present invention includes 0.00001%, 0.0001%, 0.001%, 
0.01%, 0.10%, 1.00%, 2.00%, 3.0%, 4.0%, 5.0%, 7.5%, 
10.0%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, 99.9%, 
100%, etc. 

[0017] In certain embodiments, the average Wet or dry 
molecular Weight of a single particle of a cell-based par 
ticulate material of the present invention may be 8.3><10_2O 
g (50. kDa) to 25x10‘7 g (1.5><1014 kDa), including all 
intermediate ranges and combinations thereof. Examples of 
Wet or dry Weight intermediate ranges and combinations 
thereof minimum and/or maXimum values include 83x10“ 
20 g (50 kDa), 1.0><10_19 g (60 kDa), 1.2><10_19 g (72 kDa), 
1.4><10_19 g (84 kDa), 1.6><10_19 g (96 kDa), 1.8><10_19 g 
(108 kDa), 2.0><10_19 g (120 kDa), 2.25><10_19 g (135 kDa), 
2.5><10_19 g (151 kDa), 2.75><10_19 g (166 kDa), 3.0><10_19 
g (181 kDa), 3.5><10_19 g (211 kDa), 4.0><10_19 g (241 kDa), 
5.0><10_19 g (301 kDa), 6.0><10_19 g (361 kDa), 7.0><10_19 g 
(422 kDa), 8.0><10_19 g (482 kDa), 9.0><10_19 g (542 kDa), 
1.0><10_18 g (602 kDa), 1.25><10_18 g (753 kDa), 1.5><10_18 
g (903 kDa), 1.66><10_18 g (1,000 kDa), 1.75><10_18 g (1,053 
kDa), 298x10“18 g (1,204 kDa), 2.5><10_18 g (1,506 kDa), 
2.75><10 g (1,656 kDa), 3.0><10_18 g (1,807 kDa), 3.25>< 
10-18 g (1,957 kDa), 3.5><10_18 g (2,108 kDa), 3.75><10_18 g 
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(2,258 kDa), 4.0><10_18 g (2,409 kDa), 5.0><10_18 g (3,011 
kDa), 61.80><10_18 g (3,613 kDa), 7.0><10_18 g (4,215 kDa), 
8.0><10’ g (4,818 kDa), 9.0><10_18 g (5,420 kDa), 1.0><10_17 
g (6,022 kDa), 2.0><10_17 g (1.2><104 kDa), 3.0><10_17 g 
(1.8><10 kDa), 4.0><10_17g (2.4><104 kDa), 5.0><10_17 g(3.0>< 
104 kDa), 6.0><10_17 g (3.6><104 kDa), 7.0><10_17 g (4.2><104 
kDa), 8.0><10_17 g (4.8><104 kDa), 9.0><10_17 g (5.4><104 
kDa), 1.0><10_16 g (6.0><104 kDa), 2.0><10_16 g (1.2><105 
kDa), 3.0><10-16 g (1.8><105 kDa), 4.0><10-16 g (2.4><105 
kDa), 5.0><10_16 g (3.0><105 kDa), 6.0><10_16 g (3.6><105 
kDa), 7.0><10_16 g (4.2><105 kDa), 8.0><10_16 g (4.8><105 
kDa), 9.0><10-16 g (5.4><105 kDa), 1.0><10-15 g (6.0><105 
kDa), 2.0><10_15 g (1.2><106 kDa), 3.0><10_15 g (1.8><106 
kDa), 4.0><10-15 g (2.4><106 kDa), 5.0><10-15 g (3.0><106 
kDa), 6.0><10-15 g (3.6><106 kDa), 7.0><10-15 g (4.2><106 
kDa), 8.0><10_15 g (4.8><106 kDa), 9.0><10_15 g (5.4><106 
kDa), 1.0><10_14 g (6.0><106 kDa), 2.0><10_14 g (1.2><107 
kDa), 3.0><10_14 g (1.8><107 kDa), 4.0><10_14 g (2.4><107 
kDa), 5.0><10_14 g (3.0><107 kDa), 6.0><10_14 g (3.6><107 
kDa), 7.0><10_14 g (4.2><107 kDa), 8.0><10_14 g (4.8><107 
kDa), 9.0><10_14 g (5.4><107 kDa), 1.0><10_13 g (6.0><107 
kDa), 2.0><10_13 g (1.2><108 kDa), 3.0><10_13 g (1.8><108 
kDa), 4.0><10_13 g (2.4><108 kDa), 5.0><10_13 g (3.0><108 
kDa), 6.0><1031 13 g (3.6><108 kDa), 7.0><10_13 g (4.2><108 
kDa), 8.0><10_13 g (4.8><108 kDa), 9.0><10_13 g (5.4><108 
kDa), 1.0><10_12 g (6.0><108 kDa), 2.0><10_12 g (1.2><109 
kDa), 3.0><10_12 g (1.8><109 kDa), 4.0><10_12 g (2.4><109 
kDa), 5.0><10_12 g (3.0><109 kDa), 6.0><10_12 g (3.6><109 
kDa), 7.0><10'12 g (4.2><109 kDa), 8.0><10'12 g (4.8><109 
kDa), 9.0><10_12 g (5.4><109 kDa), 1.0><10_11 g (6.0><109 
kDa), 2.0><10_11 g (1.2><101O kDa), 3.0><10_11 g (1.8><101O 
kDa), 4.0><10_11 g (2.4><101O kDa), 5.0><10_11 g (3.0><101O 
kDa), 6.0><10_11 g (3.6><101O kDa), 7.0><10_11 g (4.2><101O 
kDa), 8.0><10_11 g (4.8><101O kDa), 9.0><10_11 g (5.4><101O 
kDa), 1.0><10_1O g (6.0><101O kDa), 2.0><10_1O g (1.2><1011 
kDa), 3.0><10_1O g (1.8><1011 kDa), 4.0><10_1O g (2.4><1011 
kDa), 5.0><10_1O g (3.0><1011 kDa), 6.0><10_1O g (3.6><1011 
kDa), 7.0><10_1O g (4.2><1011 kDa), 8.0><10_1O g (4.8><1011 
kDa), 9.0><10_1O g (5.4><1011 kDa), 1.0><10_9 g (6.0><1011 
kDa), 2.0><10_9 g (1.2><1012 kDa), 3.0><10_9 g (1.8><1012 
kDa), 4.0><10_9 g (2.4><1012 kDa), 5.0><10_9 g (3.0><1012 
kDa), 6.0><10_9 g (3.6><1012 kDa), 7.0><10_9 g (4.2><1012 
kDa), 8.0><10_9 g (4.8><1012 kDa), 9.0><10_9 g (5.4><1012 
kDa), 1.0><10_8 g (6.0><1012 kDa), 2.0><10_8 g (1.2><1013 
kDa), 3.0><10_8 g (1.8><1013 kDa), 4.0><10_8 g (2.4><1013 
kDa), 5.0><10_8 g (3.0><1013 kDa), 6.0><10_8 g (3.6><1013 
kDa), 7.0><10_8 g (4.2><1013 kDa), 8.0><10_8 g (4.8><1013 
kDa), 9.0><10_8 g (5.4><1013 kDa), 1.0><10_7 g (6.0><1013 
kDa), 2.0><10_7 g (1.2><1014 kDa), etc. These values encom 
pass various speci?cally contemplated values and ranges for 
both Whole cell and cell fragment-based particulate material 
of the present invention. HoWever, it is contemplated that the 
average Wet or dry molecular Weight of a single particle of 
a Whole cell-based particulate material of the present inven 
tion may be 1.0><10_17 g (6,022 kDa) to 25x10“7 g (15x 
1014 kDa), including all intermediate ranges and combina 
tions thereof. Additionally, based upon a typical diameter of 
1.0 to 10 pm and 1.0 to 100 pm for a prokaryotic cell and 
eukaryotic cell, respectively, it is contemplated that a 
prokaryotic Whole cell-based particulate material of the 
present invention Will typically range in Wet or dry Weight 
from 1.0><10_17 g (6,022 kDa) to 20x10“10 g (1.2><1011 
kDa), and a eukaryotic Whole cell-based particulate material 
of the present invention Will typically range in Wet or dry 
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Weight from 1.0><10_17 g (6,022 kDa) to 25x10“7 g (1.5x 
1014 kDa), including all intermediate ranges and combina 
tions thereof, respectively. 

[0018] In certain embodiments, a cell-based particulate 
material of the present invention may comprise cellulose 
(e.g., an algae-based particulate material). HoWever, as 
described above, most previously described coating or sur 
face treatment components, including those comprising cel 
lulose, are of loWer average molecular Weight than many 
embodiments of the cell-based particulate material of the 
present invention. Additionally, cellulose materials (e.g., 
nitrocellulose, cellulose acetate) previously described in the 
art have typically undergone a chemical modi?cation step 
such as nitration, esteri?cation, hydrophobe modi?cation, 
etc. usually made to enhance cellulose’s solubility in a 
coating or surface treatment’s liquid component. HoWever, 
as preferred embodiments of the present invention relates to 
particulate material that is an insoluble material (e.g., a 
cell-based particulate material used as a pigment), it is 
contemplated that a solubility enhancing chemical modi? 
cation of the cellulose component of the cell-based particu 
late material of the present invention Will be less prevalent 
or absent. Further, as it is preferred that a cell-based par 
ticulate material of the present invention is prepared by as 
feW steps as possible, in certain embodiments a cell-based 
particulate material of the present invention may be prepared 
from a cell that comprises cellulose Without a chemical 
modi?cation step. HoWever, in other embodiments, a cell 
based particulate material of the present invention compris 
ing cellulose may undergo a chemical modi?cation-process 
ing step. In some aspects, a cell-based particulate material of 
the present invention may be prepared from a cell that 
comprises cellulose With a chemical modi?cation step that 
does not chemically modify the cellulose component of the 
cell-based particulate material. In further aspects, a cell 
based particulate material of the present invention may be 
prepared from a cell that comprises cellulose With a chemi 
cal modi?cation step other than esteri?cation of the cellulose 
component of the cell-based particulate material. In other 
embodiments, a cell-based particulate material of the present 
invention may be prepared from a cell that comprises 
cellulose With a chemical modi?cation step to a chemical 
moiety of cellulose other than a cellulose’s hydroXyl moiety. 
In further aspects, a cell-based particulate material of the 
present invention may be prepared from a cell that com 
prises cellulose in a form that differs from other types of 
cellulose materials used in coating or surface treatments. For 
eXample, in some aspects, the cell-based particulate material 
that comprises cellulose is prepared from cells that may not 
have been used in other types of cellulose materials, to 
produce a microorganism-based particulate material (e.g., an 
algae-based particulate material), a Whole-cell particulate 
material, a unicellular-based particulate material, an oligo 
cellular-based particulate material, or a combination thereof. 
Additionally, a cellulose material such a nitrocellulose, 
cellulose ester, etc., is prepared as a puri?ed cellulose 
material, Wherein other cellular biomolecules are of loW 
initial content and/or have been stringently removed by 
processing to insure batch to batch consistency in the 
chemical composition of the cellulose material. In another 
eXample, the cell-based particulate material that comprises 
cellulose Will comprise one or more additional biomolecules 
other than cellulose (e.g., proteinaceous materials, lipids, 
etc.) retained from the cell used to produce the cell-based 
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particulate material. Such a plurality of cellular biomol 
ecules is contemplated as feWer processing steps are pre 
ferred in the preparation of a cell-based particulate material 
of the present invention. In certain embodiments, it is 
contemplated that a cell-based particulate material of the 
present invention comprising cellulose Will comprise 
0.000001% to 100% cellulose, including all intermediate 
ranges and combinations thereof, Wherein the cellulose is a 
chemically modi?ed cellulose or cellulose that has not 
undergone a chemical modi?cation step. Speci?c examples 
of intermediate ranges and combinations thereof for cellu 
lose content of a cell-based particulate material of the 
present invention include 0.000001% to 90%, 0.000001% to 
85%, 0.000001% to 80%, 0.000001% to 75%, 0.000001% to 
70%, 0.000001% to 65%, 0.000001% to 60%, 0.000001% to 
55%, 0.000001% to 50%, 0.000001% to 45%, 0.000001% to 
40%, 0.000001% to 35%, 0.000001% to 30%, 0.000001% to 
25%, 0.000001% to 20%, 0.000001% to 15%, 0.000001% to 
10%, 0.000001% to 5%, 0.000001% to 1%, etc. 

[0019] In preferred aspects, the organism from Which the 
cell-based particulate material is processed is a unicellular or 
oligocellular organism. In many aspects, the cell-based 
particulate material comprises a microorganism-based par 
ticulate material. In speci?c aspects, the microorganism 
based particulate material comprises an Archaea, a Eubac 
teria, a fungi, a Protista, a bacteriophage, or a combination 
thereof. 

[0020] In some facets, the microorganism-based particu 
late material comprises an Archaea. In particular facets, the 
Archaea comprises Acidianus, Acidilobus, Aeropyrum, 
Archaeoglobus, Caldivirga, Desulfurococcus, Ferroglobus, 
Ferroplasma, Haloarcula, Halobacterium, Halobaculum, 
Halococcus, HaloferaX, Halogeometricum, Halomicrobium, 
Halorhabdus, Halorubrum, Haloterrigena, Hyperthermus, 
Ignicoccus, Metallosphaera, Methanobacterium, Methano 
brevibacter, Methanocalculus, Methanocaldococcus, Metha 
nococcoides, Methanococcus, Methanocorpusculum, 
Methanoculleus, Methanofollis, Methanogenium, Methano 
halobium, Methanohalophilus, Methanolacinia, Methanolo 
bus, Methanomicrobium, Methanomicrococcus, Methano 
planus, Methanopyrus, Methanosaeta, Methanosalsum, 
Methanosarcina, Methanosphaera, Methanospirillum, 
Methanothermobacter, Methanothermococcus, Methano 
thermus, MethanothriX, Methanotorris, Natrialba, Natrono 
bacterium, Natronococcus, Natronomonas, Palaeococcus, 
Picrophilus, Pyrobaculum, Pyrococcus, Pyrodictium, 
Pyrolobus, Staphylothermus, Stetteria, Stygiolobus, Sul 
folobus, Sulfophobococcus, Sulfurisphaera, Thermococcus, 
Thermo?lum, Thermoplasma, Thermoproteus, Thermo 
sphaera, Vulcanisaeta, or a combination thereof. 

[0021] In other facets, the microorganism-based particu 
late material comprises a Eubacteria. In speci?c facets, the 
Eubacteria comprises Abiotrophia, Acetitomaculum, Aceto 
halobium, Acetonema, Achromobacter, Acidimicrobium, 
Acidithiobacillus, Acidobacterium, Acidocella, Acrocar 
pospora, Actinoalloteichus, Actinobacillus, Actinobaculum, 
Actinocorallia, Aequorivita, A?pia, Agreia, Agrococcus, 
Ahrensia, Albibacter, Albidovulum, AlcanivoraX, Alicy 
cliphilus, Alicyclobacillus, Alkalibacterium, Alkaliimnicola, 
Alkalispirillum, Alkanindiges, Aminobacterium, Aminomo 
nas, AmmonifeX, Ammoniphilus, Anaeroarcus, Anaero 
bacter, Anaerobaculum, Anaerobranca, Anaerococcus, 
Anaero?lum, Anaeromusa, Anaerophaga, Anaeroplasma, 
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Anaerosinus, Anaerostipes, AnaerovoraX, Aneurinibacillus, 
Angiococcus, AnoXybacillus, Antarctobacter, Aquabacter, 
Aquabacterium, Aquamicrobium, AquifeX, Arcobacter, 
Arhodomonas, Asanoa, Atopobium, AZoarcus, AZorhiZophi 
lus, AZospira, BacteriovoraX, Bartonella, Beutenbergia, 
Bilophila, Blastococcus, Blastomonas, Bogoriella, Bosea, 
Brachymonas, Brackiella, Brenneria, Brevibacillus, Bul 
leidia, Burkholderia, Caenibacterium, Caldicellulosiruptor, 
CaldithriX, Caloramator, Caloranaerobacter, Caminibacter, 
Caminicella, Carbophilus, Carboxydibrachium, CarboXydo 
cella, Carboxydothermus, Catenococcus, Catenuloplanes, 
Cellulosimicrobium, Chelatococcus, Chlorobaculum, Chry 
seobacterium, Chrysiogenes, Citricoccus, Collinsella, Col 
Wellia, ConeXibacter, Coprothermobacter, Couchioplanes, 
Crossiella, Cryobacterium, Cryptosporangium, Dechlo 
romonas, Deferribacter, De?uvibacter, Dehalobacter, Delf 
tia, Demetria, Dendrosporobacter, Denitrovibrio, Derma 
coccus, DesemZia, Desulfacinum, Desul?tobacterium, 
Desulfobacca, Desulfobacula, Desulfocapsa, Desulfocella, 
Desulfofaba, Desulfofrigus, Desulfofustis, Desulfohalo 
bium, Desulfomusa, Desulfonatronovibrio, Des 
ulfonatronum, Desulfonauticus, Desulfonispora, Desulfo 
regula, Desulforhabdus, Desulforhopalus, Desulfospira, 
Desulfosporosinus, Desulfotalea, Desulfotignum, Des 
ulfovirga, Desulfurobacterium, Desulfuromusa, Dethiosul 
fovibrio, Devosia, Dialister, Diaphorobacter, Dichelobacter, 
Dictyoglomus, DietZia, Dolosicoccus, Dorea, Eggerthella, 
Empedobacter, Enhygromyxa, Eremococcus, Ferrimonas, 
Filifactor, Filobacillus, Finegoldia, Flexistipes, Formivibrio, 
Friedmanniella, Frigoribacterium, Fulvimonas, Fusibacter, 
Gallicola, Garciella, Gelidibacter, Gelria, Gemmatimonas, 
Gemmobacter, Geobacillus, Geobacter, Georgenia, Geo 
thriX, Geovibrio, Glaciecola, Gluconacetobacter, Graciliba 
cillus, Granulicatella, Grimontia, Halanaerobacter, Hala 
naerobium, Haliangium, Halobacillus, Halocella, 
Halonatronum, HalothermothriX, Halothiobacillus, Helco 
coccus, Heliophilum, Heliorestis, Herbidospora, Hippea, 
Holdemania, Holophaga, Hydrogenobacter, Hydrogeno 
baculum, Hydrogenophilus, Hydrogenothermus, Hydrogen 
ovibrio, Hymenobacter, Ignavigranum, Iodobacter, Isobacu 
lum, Janib acter, Kineococcus, Kineosphaera, 
Kitasatosporia, Knoellia, Kocuria, KoZakia, Kribbella, 
KutZneria, Kytococcus, Lachnobacterium, Laribacter, Lau 
tropia, Lechevalieria, Leifsonia, Leisingera, LentZea, Leu 
cobacter, Limnobacter, Listonella, Lonepinella, Luteimonas, 
Luteococcus, Macrococcus, Macromonas, Magnetospiril 
lum, Mannheimia, Maricaulis, Marinibacillus, Marinitoga, 
Marinobacterium, Marinospirillum, Marmoricola, Meio 
thermus, Methylocapsa, Methylopila, Methylosarcina, 
Microbulbifer, Microlunatus, Micromonas, Microsphaera, 
Microvirgula, Modestobacter, Mogibacterium, Moorella, 
Moritella, Muricauda, Mycetocola, Mycoplana, Myroides, 
Natroniella, Natronincola, Nautilia, Nesterenkonia, Nono 
muraea, Novosphingobium, Oceanimonas, Oceanobacillus, 
Oceanobacter, Octadecabacter, Oenococcus, Oleiphilus, 
Oligotropha, Olsenella, Opitutus, Orenia, Ornithinicoccus, 
Ornithinimicrobium, OXalicibacterium, OXalophagus, OXo 
bacter, Paenibacillus, Pandoraea, Papillibacter, Paralactoba 
cillus, Paraliobacillus, Parascardovia, Paucimonas, Pecto 
bacterium, PelcZaria, Pelospora, Pelotomaculum, 
Peptoniphilus, Petrotoga, Phascolarctobacterium, Phoc 
oenobacter, Photorhabdus, Pigmentiphaga, Planomicro 
bium, Planotetraspora, Plantibacter, Plesiocystis, Polarib 
acter, Prauserella, PropioniferaX, Propionimicrobium, 
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Propionispora, Propionivibrio, Pseudaminobacter, 
Pseudoalteromonas, Pseudobutyrivibrio, Pseudoramibacter, 
Pseudorhodobacter, Pseudospirillum, PseudoXanthomonas, 
Psychro?eXus, Psychromonas, Psychroserpens, Ralstonia, 
Ramlibacter, Raoultella, Rathayibacter, Rhodothermus, 
Roseateles, Roseburia, Rosei?exus, Roseinatronobacter, 
Roseospirillum, Roseovarius, Rubritepida, Ruegeria, Sagit 
tula, Salana, Salegentibacter, Salinibacter, Salinivibrio, San 
guibacter, Scardovia, Schineria, SchWartZia, Sedimenti 
bacter, SheWanella, ShuttleWorthia, Silicibacter, Skermania, 
Slackia, Sphingobium, Sphingomonas, Sphingopyxis, Spir 
illiplanes, Sporanaerobacter, Sporobacter, Sporobacterium, 
Sporotomaculum, Staleya, Stappia, Starkeya, Stenotroph 
omonas, Sterolibacterium, Streptacidiphilus, Streptomono 
spora, Subtercola, Succiniclasticum, Succinispira, Sul?to 
bacter, Sulfurospirillum, Sutterella, Suttonella, 
Syntrophobotulus, Syntrophothermus, Syntrophus, Telluria, 
Tenacibaculum, Tepidibacter, Tepidimonas, Tepidiphilus, 
Terasakiella, Terracoccus, Tessaracoccus, Tetragenococcus, 
Tetrasphaera, Thalassomonas, Thauera, Thermaerobacter, 
Thermanaeromonas, Thermanaerovibrio, Thermicanus, 
Thermithiobacillus, Thermoanaerobacterium, Thermobi?da, 
Thermobispora, Thermobrachium, Thermocrinis, Thermoc 
rispum, Thermodesulforhabdus, Thermodesulfovibrio, 
Thermohydrogenium, Thermomonas, Thermosyntropha, 
Thermoterrabacterium, Thermovenabulum, Thermovibrio, 
Thialkalimicrobium, Thialkalivibrio, Thioalkalivibrio, 
Thiobaca, Thiomonas, Tindallia, Tolumonas, Turicella, 
Turicibacter, Ureibacillus, Verrucosispora, Victivallis, Vir 
gibacillus, Vogesella, Weissella, Williamsia, Xenophilus, 
ZavarZinia, Zooshikella, Zymobacter, or a combination 
thereof. 

[0022] In additional facets, the Eubacteria comprises a 
Gram-positive Eubacteria. In particular facets, a Gram 
positive Eubacteria comprises Acetobacterium, Actinokin 
eospora, Actinomadura, Actinomyces, Actinoplanes, Acti 
nopolyspora, Actinosynnema, Aerococcus, Aeromicrobium, 
Agromyces, Amphibacillus, Amycolatopsis, Arcanobacte 
rium, Arthrobacter, Aureobacterium, Bacillus, Bi?dobacte 
rium, Brachybacterium, Brevibacterium, BrochothriX, Car 
nobacterium, Caryophanon, Catellatospora, Cellulomonas, 
Clavibacter, Clostridium, Coprococcus, Coriobacterium, 
Corynebacterium, Curtobacterium, Dactylosporangium, 
Deinobacter, Deinococcus, Dermabacter, Dermatophilus, 
Desulfotomaculum, Enterococcus, ErysipelothriX, Eubacte 
rium, EXiguobacterium, Falcivibrio, Frankia, Gardnerella, 
Gemella, Geodermatophilus, Glycomyces, Gordonia, 
Intrasporangium, J onesia, Kibdelosporangium, Kineosporia, 
Kitasatospora, Kurthia, Lactobacillus, Lactococcus, Leu 
conostoc, Listeria, Marinococcus, Melissococcus, Micro 
bacterium, Microbispora, Micrococcus, Micromonospora, 
Microtetraspora, Mobiluncus, Mycobacterium, Nocardia, 
Nocardioides, Nocardiopsis, Oerskovia, Pediococcus, Pep 
tococcus, Peptostreptococcus, Pilimelia, Planobispora, 
Planococcus, Planomonospora, Promicromonospora, Propi 
onibacterium, Pseudonocardia, Rarobacter, Renibacterium, 
Rhodococcus, Rothia, Rubrobacter, Ruminococcus, Saccha 
rococcus, Saccharomonospora, Saccharopolyspora, Saccha 
rothriX, Salinicoccus, Sarcina, Sphaerobacter, Spirillospora, 
Sporichthya, Sporohalobacter, Sporolactobacillus, Sporosa 
rcina, Staphylococcus, Streptoalloteichus, Streptococcus, 
Streptomyces, Streptosporangium, Syntrophospora, Terra 
bacter, Thermacetogenium, Thermoactinomyces, Thermoa 
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naerobacter, Thermoanaerobium, Thermomonospora, Tri 
chococcus, Tsukamurella, Vagococcus, or a combination 
thereof. 

[0023] In further facets, the microorganism-based particu 
late material comprises a Gram-negative Eubacteria. In 
speci?c facets, the Gram-negative Eubacteria comprises 
Acetivibrio, Acetoanaerobium, Acetobacter, Acetomicro 
bium, Acidaminobacter, Acidaminococcus, Acidiphilium, 
Acidomonas, AcidovoraX, Acinetobacter, Aeromonas, Agi 
tococcus, Agrobacterium, Agromonas, Alcaligenes, Allo 
chromatium, Alteromonas, Alysiella, Aminobacter, Ana 
baena, Anaerobiospirillum, Anaerorhabdus, Anaerovibrio, 
Ancalomicrobium, Ancylobacter, Angulomicrobium, 
Aquaspirillum, Archangium, Arsenophonus, Arthrospira, 
Asticcacaulis, AZomonas, AZorhiZobium, AZospirillum, 
AZotobacter, Bacteroides, Bdellovibrio, Beggiatoa, Beijer 
inckia, Blastobacter, Blastochloris, Bordetella, Borrelia, 
Brachyspira, BradyrhiZobium, Brevundimonas, Brucella, 
Budvicia, ButtiauXella, Butyrivibrio, CalothriX, Campylo 
bacter, Capnocytophaga, Cardiobacterium, Caulobacter, 
Cedecea, Cellulophaga, Cellvibrio, Centipeda, Chiti 
nophaga, Chlorobium, Chloro?eXus, Chlorogloeopsis, 
Chloroherpeton, Chondromyces, Chromobacterium, Chro 
mohalobacter, Chroococcidiopsis, Citrobacter, Cobetia, 
Comamonas, Crinalium, Cupriavidus, Cyclobacterium, 
Cylindrospermum, Cystobacter, Cytophaga, Dermocarpella, 
DerXia, Desulfobacter, Desulfobacterium, Desulfobulbus, 
Desulfococcus, Desulfomicrobium, Desulfomonile, Des 
ulfonema, Desulfosarcina, Desulfovibrio, Desulfurella, Des 
ulfuromonas, Dichotomicrobium, Ectothiorhodospira, 
EdWardsiella, Eikenella, Enhydrobacter, Ensifer, Entero 
bacter, ErWinia, Erythrobacter, Erythromicrobium, Escheri 
chia, EWingella, Fervidobacterium, Fibrobacter, Filomicro 
bium, Fischerella, Flammeovirga, Flavobacterium, 
Flectobacillus, FleXibacter, FleXithriX, Francisella, Fra 
teuria, Fusobacterium, Gemmata, Gemmiger, Gloeobacter, 
Gloeocapsa, Gluconobacter, Haemophilus, Hafnia, Halis 
comenobacter, Haloanaerobium, Halobacteroides, Halo 
chromatium, Halomonas, Halorhodospira, Helicobacter, 
Heliobacillus, Heliobacterium, Herbaspirillum, Herpetosi 
phon, Hirschia, Hydrogenophaga, Hyphomicrobium, Hyph 
omonas, Ilyobacter, Isochromatium, Isosphaera, Janthino 
bacterium, Kingella, Klebsiella, Kluyvera, Labrys, 
Lachnospira, Lamprocystis, Lampropedia, Leclercia, 
Legionella, Leminorella, Leptospira, Leptospirillum, Lep 
tothriX, Leptotrichia, LeucothriX, Lysobacter, Malonomo 
nas, Marinilabilia, Marichromatium, Marinobacter, Marino 
monas, Megamonas, Megasphaera, Melittangium, 
Meniscus, Mesophilobacter, Metallogenium, Methylobacil 
lus, Methylobacterium, Methylococcus, Methylomonas, 
Methylophaga, Methylophilus, Methylovorus, Microscilla, 
Mitsuokella, Moellerella, MoraXella, Morganella, Morococ 
cus, MyXococcus, MyXosarcina, Nannocystis, Neisseria, 
Nevskia, Nitrobacter, Nitrococcus, Nitrosococcus, 
Nitrosomonas, Nitrosospira, Nitrospira, Nostoc, Obesum 
bacterium, Oceanospirillum, Ochrobactrum, Oligella, Oscil 
latoria, OXalobacter, Pantoea, Paracoccus, Pasteurella, Pec 
tinatus, Pedobacter, Pedomicrobium, Pelobacter, 
Pelodictyon, Persicobacter, Phaeospirillum, Phenylobacte 
rium, Photobacterium, Phyllobacterium, Pirellula, Plancto 
myces, Plesiomonas, Pleurocapsa, Polyangium, Porphyro 
bacter, Porphyromonas, Pragia, Prevotella, Propionigenium, 
Propionispira, Prosthecobacter, Prosthecochloris, Prosth 
ecomicrobium, Proteus, Providencia, Pseudanabaena, 
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Pseudomonas, Psychrobacter, Rahnella, Rhabdochroma 
tium, RhiZobacter, RhiZobium, RhiZomonas, Rhodobacter, 
Rhodobium, Rhodoblastus, Rhodobaca, Rhodocista, 
Rhodocyclus, RhodoferaX, Rhodomicrobium, Rhodopila, 
Rhodoplanes, Rhodopseudomonas, Rhodospirillum, 
Rhodothalassium, Rhodovibrio, Rhodovulum, Rikenella, 
Roseobacter, Roseococcus, Rugamonas, RubrivivaX, Rumi 
nobacter, Runella, Salmonella, Saprospira, Scytonema, 
Sebaldella, Selenomonas, Seliberia, Serpens, Serpulina, Ser 
ratia, Shigella, Simonsiella, SinorhiZobium, Sphaerotilus, 
Sphingobacterium, Spirillum, Spirochaeta, Spirosoma, Spir 
ulina, Sporocytophaga, Sporomusa, Stella, Stigmatella, 
Streptobacillus, Succinimonas, Succinivibrio, Sulfobacillus, 
Synechococcus, Synechocystis, Syntrophobacter, Syntro 
phococcus, Syntrophomonas, Tatumella, Taylorella, Ther 
mochromatium, Thermodesulfobacterium, Thermoleophi 
lum, Thermomicrobium, Thermonema, Thermosipho, 
Thermotoga, Thermus, Thiobacillus, Thiocapsa, Thiococ 
cus, Thiocystis, Thiodictyon, Thiohalocapsa, Thiolampro 
vum, Thiomicrospira, Thiorhodovibrio, ThiothriX, Tissier 
ella, TolypothriX, Treponema, Vampirovibrio, VariovoraX, 
Veillonella, Verrucomicrobium, Vibrio, Vitreoscilla, Week 
sella, Wolinella, Xanthobacter, Xanthomonas, Xenococcus, 
Xenorhabdus, Xylella, Xylophilus, Yersinia, Yokenella, 
Zobellia, Zoogloea, Zymomonas, Zymophilus, or a combi 
nation thereof. 

[0024] In some aspects, the microorganism-based particu 
late material comprises a fungi. In some facets, the fungi 
comprises Aciculoconidium, Agaricostilbum, Ambro 
sioZyma, ArXioZyma, ArXula, Ascoidea, Babj evia, Bensing 
tonia, Blastobotrys, BotryoZyma, Bullera, Bulleromyces, 
Candida, Cephaloascus, Chionosphaera, Citeromyces, Clav 
ispora, Cryptococcus, Cysto?lobasidium, Debaryomyces, 
Dekkera, Dipodascopsis, Dipodascus, Endomyces, 
Eremothecium, Erythrobasidium, Fellomyces, Filobasidi 
ella, Filobasidium, Galactomyces, Geotrichum, Hans 
eniaspora, Hyalodendron, Issatchenkia, Itersonilia, Kloeck 
era, Kluyveromyces, Kockovaella, KurtZmanomyces, 
Leucosporidium, Lipomyces, Lodderomyces, MalasseZia, 
MetschnikoWia, Moniliella, Mrakia, MyXoZyma, Nadsonia, 
Oosporidium, Pachysolen, Phaf?a, Pichia, Protomyces, 
PseudoZyma, Reniforma, Rhodosporidium, Rhodotorula, 
Saccaromycopsis, Saccharomyces, Saccharomycodes, Sai 
toella, Saturnispora, SchiZoblastosporion, SchiZosaccharo 
myces, Sporidiobolus, Sporobolomyces, Sporopachyder 
mia, Stephanoascus, Sterigmatomyces, 
Sterigmatosporidium, Sympodiomyces, Sympodiomycop 
sis, Taphrina, Tilletiaria, Tilletiopsis, Torulaspora, Trichos 
poron, Trichosporonoides, Trigonopsis, Tsuchiyaea, Wick 
erhamia, Wickerhamiella, Williopsis, Xanthophyllomyces, 
YarroWia, Zygoascus, Zygosaccharomyces, ZygoZyma, or a 
combination thereof. 

[0025] In other aspects, the microorganism-based particu 
late material comprises a Protista. In particular facets, the 
Protista comprises Acetabularia, Achnanthes, Amphidinium, 
Ankistrodesmus, Anophryoides, Aphanomyces, Astasia, 
Asterionella, Blepharisma, Botrydiopsis, Botrydium, Bot 
ryococcus, Bracteacoccus, Brevilegnia, Bulbochaete, Cae 
nomorpha, Cephaleuros, Ceratium, Chaetoceros, Chaeto 
phora, Characiosiphon, Chlamydomonas, Chlorella, 
Chloridella, Chlorobotrys, Chlorococcum, Chromulina, 
Chroodactylon, Chrysamoeba, Chrysocapsa, Cladophora, 
Closterium, Cocconeis, Coelastrum, Cohnilembus, 
Colacium, Coleps, Colpidium, Colpoda, Cosmarium, Cryp 
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toglena, Cyclidium, Cyclotella, Cylindrocystis, Derbesia, 
DeXiostoma, Dictyosphaerium, Dictyuchus, Didinium, 
Dinobryon, Distigma, Draparnaldia, Dunaliella, Dysmor 
phococcus, Enteromorpha, Entosiphon, Eudorina, Euglena, 
Euplotes, Eustigmatos, Flintiella, Fragilaria, Fritschiella, 
Glaucoma, Gonium, GonyaulaX, Gymnodinium, Gyro 
paigne, Haematococcus, Halophytophthora, Heterosigma, 
Hyalotheca, Hydrodictyon, KhaWkinea, Lagenidium, Lep 
tolegnia, Mallomonas, Mantoniella, Melosira, Menoidium, 
Mesanophrys, Mesotaenium, Metopus, Micrasterias, 
Microspora, Microthamnion, Mischococcus, Monodopsis, 
Mougeotia, Nannochloropsis, Navicula, Nephroselmis, 
NitZschia, Ochromonas, Oedogonium, Ophiocytium, Opis 
thonecta, OXyrrhis, Pandorina, Paramecium, Paranophrys, 
Paraphysomonas, Parmidium, Pediastrum, Peranema, Peri 
dinium, Peronophythora, Petalomonas, Phacus, Pithophora, 
Plagiopyla, Plasmopara, Platyophrya, Plectospira, Pleodo 
rina, Pleurochloris, Pleurococcus, Pleurotaenium, Ploeotia, 
Polyedriella, Porphyridium, Prorocentrum, Prototheca, 
Pseudocharaciopsis, Pseudocohnilembus, Pyramimonas, 
Pythiopsis, Pythium, Rhabdomonas, RhiZochromulina, 
RhiZoclonium, Rhodella, Rhodosorus, Rhynchopus, Sapro 
legnia, Scenedesmus, Scytomonas, Selenastrum, Skel 
etonema, Spathidium, Sphaerocystis, Spirogyra, Spirosto 
mum, Spondylosium, Staurastrum, Stauroneis, Stentor, 
Stephanodiscus, Stephanosphaera, Stichococcus, Stigeoclo 
nium, Synedra, Synura, Tetracystis, Tetraedron, Tetrahy 
mena, Tetraselmis, Thalassiosira, ThaumatomastiX, Thraus 
totheca, Trachelomonas, TrebouXia, Trentepohlia, 
Tribonema, Trimyema, UlothriX, Uronema, Vaucheria, Vis 
cheria, VolvoX, Vorticella, Xanthidium, Zygnema, or a com 
bination thereof. 

[0026] In additional aspects, the microorganism-based 
particulate material comprises a virus. In some aspects, the 
virus is a bacteriophage. In particular facets, the bacterioph 
age comprises Inoviridae genus Inovirus, Leviviridae, 
Microviridae, Myoviridae, Podoviridae, Siphoviridae, or a 
combination thereof. In additional facets, the bacteriophage 
comprises 10/I, 149, 212/XV, 24/II, 249, 371/XX1X, 5, 8, 
A-1 (L), A19, A-4 (L), A-41, alpha 3, AN-10, AN-15, 
AN-20, AN-22, AN-24, B1, B40-8, B5, BK1, D20, E1, F 
[HER 346], F1, fr, hp, I, If1, If2, II, III, IV, J1, Mc-4, Minetti, 
MOR-1, MS2, Mu-1, N-1, N1 [N], N3 [Cay], N4 [X-5-A], 
N8 [Horse], OX6, P/SW1/a [NCMB 384], P1, P22 [PLT 
22(22)], PEa1 (h), PEa7, phi 92, phi R, phi V-1, phi X174, 
phi-S1, ps 1, Q-beta, R 17, R-1, S13, S-a, SP10, SP8, T2, T3, 
T6, V, VD13, Vi I, Wy, XP5, ZlK/1, or a combination thereof. 
In further facets, the bacteriophage comprises 10 [L286], 11, 
11 [WI 386], 113, 118, 12 [WI 3106], 120, 13 [J1 263], 138, 
14 [J2106], 145, 163, 17, 17 [formerly 13], 18 [formerly 7], 
184, 19 [formerly 5], 2, 2 [J1 328], 20 [formerly 4], 205, 
221, 22653 [Carvaj al’s strain 1], 23 [Olsen phage], 236, 239, 
24B, 250, 256 (R), 282 (S), 36, 37, 4 [J2101], 42, 46, 49B, 
4S, 50Br, 53 alpha, 547, 57, 60, 6A, 6B, 6C, 7 [L2 106], 73, 
8 [L2 305], 9 [WI 3263], 92, A, A1, Ac 20, Ac 21, Ac 24, 
AN-11, AN-12, AN-13, AN-14, AN-16, AN-17, AN-18, 
AN-19, AN-21, AN-23, AN-25, AN-26, AP211, AS-1, B56 
3, BG3, BK3, B0 1, B0 3, B0 4, B0 6 I, B0 6 II, B0 6 III, 
B0 7, C, C204, C33, C36, Cb3, Cb6, Cb8r, CDC29, 
CDC42D, CDC47, CDC52, CDC52A, CDC53, CDC79, 
CDC80, CDC81, CDC83A, chi, D, D-10, D-34, DLC 2921/ 
49, DS6A, enterococcus phage 1A, enterococcus phage 1B, 
eTAmy+, F-68, FCZ, G [HER 276], G178, HER-1 [7Lind 
berg], HER-10 [F8Lindberg], HER-16 [M4 Lindberg], 
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HER-17 [M6Lindberg], HER-18 [F116L], HER-2 [16Lind 
berg], HER-3, HER-4 [24Lindberg], HER-5 [31Lindberg], 
HER-6 [44Lindberg], HER-9 [F7Lindberg], IMI strain A, 
IMI strain C, IMI strain D, IMI strain J, IMI strain K, 
Lactobacillus plantarum phage, LG, M-4, Mc-2, MU9, 
Mycobacterium smegmatis phage, N-4, NCPPB 1507 [4S], 
NCPPB 1508 [4L], NCPPB 782 [E1], NRS 201, NRS 605, 
P14, P4 sid1, Pa, PAV-1, Pb, PB2, Pc, Pf, phage UTAK, phi 
Ea100, phi Ea104, phi Ea116C, phi Ea125, phi W-14, 
phiXcs70am-3, Propionibacterium acnes phage, Ps-G3, 
r1589, r187, r196, r638, r71, RA105, rED220, rEDa41, 
rEDb44, rEDb45, rEDb50, RH23, RH88, rJ3, S-20, S-5, 
SL-1, SPP1, T-150, T7M (Meselson), UV1, UV375, UV47, 
Vibrio sp. phage, W, X1 [IMET 5013], X10 [IMET 5057], 
X24 [IMET 5056], X3 [IMET 5015], X5 [IMET 5017], 
XP1, XP2, XP3, XP4, XP8, ZJ/2, or a combination thereof. 

[0027] In other aspects, the cell-based material comprises 
a multicellular-based particulate material. In general facets, 
the multicellular-based particulate material comprises a 
plant-based particulate material. In speci?c facets, the plant 
based particulate material comprises a corn-based particu 
late material. 

[0028] In general embodiments, cell-based particulate 
material comprises 0.000001% to 65% of the coating or 
surface treatment by Weight or volume including all inter 
mediate ranges and combinations thereof. Speci?c examples 
of such intermediate ranges and combinations thereof of the 
cell-based particulate material by Weight or volume in a 
coating or other surface treatment include 1% to 65%, 2% to 
65%, 3% to 65%, 4% to 65%, 5% to 65%, 6% to 65%, 7% 
to 65%, 8% to 65%, 9% to 65%, 10% to 65%, 11% to 65%, 
12% to 65%, 13% to 65%, 14% to 65%, 15% to 65%, 16% 
to 65%, 17% to 65%, 18% to 65%, 19% to 65%, 20% to 
65%, etc. 

[0029] The invention provides various additional embodi 
ments. In general embodiments, a cell-based particulate 
material comprises 0.000001% to 65% of the coating or 
other surface treatment composition by Weight or volume, 
including all intermediate ranges and combinations thereof. 
In speci?c embodiments, the cell-based particulate material 
is a Whole cell particulate material or a cell fragment 
particulate material. In other embodiments, the cell-based 
particulate material comprises a microorganism-based par 
ticulate material. In some aspects, the microorganism-based 
particulate material comprises a Whole cell particulate mate 
rial. In alternative aspects, the cell-based particulate material 
comprises a cell fragment microorganism-based particulate 
material. 

[0030] In other embodiments, the coating or other surface 
treatment is 5 um to 5000 um thick upon the surface, 
including all intermediate ranges and combinations thereof. 
Speci?c examples of such intermediate ranges and combi 
nations thereof a coating’s, other surface treatment’s, and/or 
individual layer thereof’s thickness upon a surface include 6 
um to 5000 um, 7 um to 5000 um, 8 um to 5000 um, 9 um 
to 5000 um, 10 um to 5000 um, 11 um to 5000 um, 12 um 
to 5000 um, 13 um to 5000 um, 14 um to 5000 um, 15 um 
to 5000 um, 16 um to 5000 um, 17 um to 5000 um, 18 um 
to 5000 um, 19 um to 5000 um, 20 um to 5000 um, 21 um 
to 5000 um, 22 um to 5000 um, 23 um to 5000 um, 24 um 
to 5000 um, 25 um to 5000 um, 5 um to 4500 um, 5 um to 
4000 um, 5 um to 3500 um, 5 um to 3000 um, 5 um to 2500 
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um, 5 um to 2000 um, 5 um to 1750 um, 5 um to 1500 um, 
5 um to 1250 um, 5 um to 1000 um, 5 um to 900 um, 5 um 
to 800 um, 5 um to 700 um, 5 um to 600 um, 5 um to 500 
um, 5 um to 450 um, 5 um to 400 um, 5 um to 350 um, 5 
um to 300 um, 5 um to 250 um, 5 um to 200 um, 5 um to 
175 um, 5 um to 150 um, 5 um to 125 um, 5 um to 100 um, 
5 um to 90 um, 5 um to 80 um, 5 um to 70 um, 5 um to 60 
um, 5 um to 50 um, 5 um to 40 um, 5 um to 30 um, 5 um 
to 25 um, 7.5 um to 500 um, 10 um to 500 um, 15 um to 500 
um, 7.5 um to 250 um, 10 um to 250 um, 12.5 um to 250 um, 
15 um to 250 um, 7.5 um to 150 um, 10 um to 150 um, 12.5 
um to 150 um, 15 um to 150 um, etc. 

[0031] In particular aspects, the coating or other surface 
treatment comprises a multicoat system. In an additional 
aspect, the multicoat system comprises 2 to 10 layers. In a 
particular facet, one layer of the multicoat system comprises 
the cell-based particulate material. In a further aspect, a 
plurality of layers of the multicoat system comprises the 
cell-based particulate material. In certain facets, each layer 
of the multicoat system is a coating or other surface treat 
ment 5 um to 5000 um thick, including all intermediate 
ranges and combinations thereof. In particular aspects, the 
multicoat system comprises a sealer, a Water repellent, a 
primer, an undercoat, a topcoat, or a combination thereof. In 
speci?c facets, the multicoat system comprises a topcoat. In 
particular facets, the topcoat comprises the cell-based par 
ticulate material. In the case of a multicoat system compris 
ing a plurality of layers that comprises a cell-based particu 
late material of the present invention, the cell-based 
particulate material comprised Within a speci?c layer may be 
the same or different as the cell-based particulate material 
comprised Within another layer. 

[0032] In some embodiments, the coating comprises a 
paint. In other embodiments, the coating comprises a clear 
coating. In some aspects, the clear coating comprises a 
lacquer, a varnish, a shellac, a stain, a Water repellent 
coating, or a combination thereof. In general aspects, the 
coating or surface treatment comprises a binder, a liquid 
component, a colorant, an additive, or a combination 
thereof. In some facets, the coating or surface treatment 
comprises a buffer. In particular aspects, the buffer com 
prises a bicarbonate. 

[0033] In certain embodiments, the coating or other sur 
face treatment is a coating or other surface treatment that is 
capable of ?lm formation. In some aspects, the ?lm forma 
tion occurs by a thermoplastic physical change of the 
coating or surface treatment, a thermosetting chemical 
change of the coating or surface treatment, or a combination 
thereof. In certain aspects, ?lm formation (e.g., thermoset 
ting ?lm formation) occurs by crosslinking of a binder. In 
some facets, ?lm formation occurs by crosslinking of a 
plurality of binders. In further facets, ?lm formation (e.g., 
thermosetting ?lm formation) occurs by irradiating the coat 
ing or surface treatment. In general aspects, ?lm formation 
occurs at ambient conditions, baking conditions, or a com 
bination thereof. In particular aspects, ?lm formation (e.g., 
thermosetting ?lm formation, thermoplastic ?lm formation) 
occurs at baking conditions. In other aspects, baking con 
ditions is betWeen 40° C. and 110° C., including all inter 
mediate ranges and combinations thereof. Examples of 
speci?c intermediate ranges for baking conditions include 
40° C. to 50° C., or 40° C. to 65° C. In preferred embodi 
ments, the cell-based particulate material Will partly or fully 
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retain a desired characteristic (e.g., a physical property, a 
biochemical property, color, etc.) during and/or after contact 
With the baking condition, an irradiation, a thermosetting 
chemical reaction, a thermoplastic physical change, or a 
combination thereof. In some facets, the coating or surface 
treatment produces a self-cleaning ?lm upon ?lm formation. 

[0034] In general aspects, the coating or surface treatment 
comprises a volatile component and a non-volatile compo 
nent. In general facets, the coating or surface treatment 
undergoes ?lm formation (e.g., thermoplastic ?lm forma 
tion) by loss of part of the volatile component. In other 
facets, the volatile component comprises a volatile liquid 
component. In particular facets, the volatile liquid compo 
nent comprises a solvent, a thinner, a diluent, or a combi 
nation thereof. In other aspects, the non-volatile component 
comprises a binder, a colorant, a plasticiZer, a coating or 
surface treatment additive, a cell-based particulate material 
of the present invention, or a combination thereof. 

[0035] In certain alternative embodiments, the coating or 
surface treatment is a non-?lm forming coating or surface 
treatment. In particular aspects, the non-?lm forming coat 
ing or surface treatment comprises a non-?lm formatting 
binder. In some aspects, the non-?lm forming coating or 
surface treatment comprises a coating or surface treatment 
component in a concentration that is insuf?cient to produce 
a solid ?lm. In some facets, the coating or surface treatment 
component that is insuf?cient to produce a solid ?lm com 
prises a binder that contributes to thermoplastic ?lm forma 
tion, thermosetting ?lm formation, or a combination thereof. 
In particular facets, the coating or surface treatment com 
ponent that is insuf?cient to produce a solid ?lm comprises 
a binder, catalyst, initiator, or combination thereof. Though 
the concentration Which is insuf?cient for a coating or 
surface treatment component to produce ?lm formation in a 
coating or surface treatment may be empirically determined 
by an assay, such as those described herein for ?lm forma 
tion, such an insuf?cient concentration may easily achieved 
by selection of a concentration of 0%, Wherein the coating 
or surface treatment lacks the ?lm-forming component. 

[0036] In other alterative embodiments, the coating or 
surface treatment produces a temporary ?lm. In speci?c 
aspects, the temporary ?lm has a poor resistance to a coating 
or surface treatment remover. In particular facets, the tem 
porary ?lm has a poor abrasion (e.g., scrub) resistance, a 
poor solvent resistance, a poor Water resistance, a poor 
Weathering property, a poor adhesion property, a poor micro 
organism/biological resistance property, or a combination 
thereof. Apoor resistance and/or poor quality property for a 
coating or surface treatment can be empirically determined 
by assays described herein or as Would be knoWn to one of 
ordinary skill in the art in light of the present disclosure. 

[0037] In general embodiments, the coating comprises an 
architectural coating, an industrial coating, a speci?cation 
coating, or a combination thereof. In additional aspects, the 
coating speci?cally comprises an architectural coating. In 
particular aspects, the architectural coating comprises a 
Wood coating, a masonry coating, an artist’s coating, or a 
combination thereof. In some facets, the architectural coat 
ing has a pot life of at least 12 months at ambient conditions. 
In general aspects, the architectural coating undergoes ?lm 
formation at ambient conditions. In other aspects, the coat 
ing comprises an industrial coating. In further aspects, the 
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industrial coating comprises an automotive coating, a can 
coating, a sealant coating, a marine coating, or a combina 
tion thereof. In particular facets, the industrial coating 
undergoes ?lm formation at baking conditions. In additional 
aspects, the coating comprises a speci?cation coating. In 
particular facets, the speci?cation coating comprises a cam 
ou?age coating, a pipeline coating, traf?c marker coating, 
aircraft coating, a nuclear poWer plant coating, or a combi 
nation thereof. In particular facets, the speci?cation coating 
comprises a camou?age coating. In speci?c facets, the 
camou?age coating comprises a camou?age pigment. In 
particular facets, the camou?age pigment is a cell-based 
particulate material of the present invention. In farther 
facets, the cell-based particulate material camou?age pig 
ment absorbs infrared radiation. 

[0038] In many embodiments, a coating comprises a 
Water-borne coating, a solvent borne coating, or a poWder 
coating. In particular aspects, the coating comprises a Water 
borne coating. In certain facets, the Water-borne coating is a 
lateX coating. In additional facets, the Water-borne coating 
has a density of 1.20 kg/L to 1.50 kg/L, including all 
intermediate ranges and combinations thereof. In other 
aspects, the coating comprises a solvent-borne coating. In 
further facets, the solvent-borne coating has a density of 
0.90 kg/L to 1.2 kg/L, including all intermediate ranges and 
combinations thereof. 

[0039] In other aspects, the coating has a viscosity of 100 
P to 1000 P, including all intermediate ranges and combi 
nations thereof, upon a surface immediately after applica 
tion. In some embodiments, the viscosity of the coating 
varies during preparation (“mixing”), during storage (e. g., in 
a container), during application, and upon a surface. The 
medium-shear viscosity (“coating consistency”) refers to the 
viscosity of a coating during preparation, and in most 
embodiments Will be betWeen 60 Ku and 140 Ku, including 
all intermediate ranges and combinations thereof. Speci?c 
eXamples of medium-shear viscosity intermediate ranges 
and combinations thereof include 70 Ku to 110 Ku, 80 Ku 
to 100 Ku, 90 Ku to 95 Ku, 72 Ku to 95 Ku, etc. During 
storage and upon a surface, a coating is typically subject to 
loWer shear forces (e.g., gravity), and it is Will be preferred 
that a coating possess a viscosity and other rheological 
properties (e.g., leveling, sag, syneresis, settling) to retain 
suitable dispersion of coating components during storage 
and form a uniform layer upon a surface. It is contemplate 
that in most embodiments, the loW-shear viscosity (e.g., the 
viscosity prior to application, viscosity upon a surface 
immediately after application) of a coating Will be betWeen 
100 P to 3000 P, including all intermediate ranges and 
combinations thereof. Speci?c examples of loW-shear vis 
cosity intermediate ranges and combinations thereof include 
100 P to 2500 P, 100 P to 2000 P, 100 P to 1500 P, 100 P to 
1000 P, 125 P to 3000 P, 150 P to 3000 P, 175 P to 3000P, 
200 P to 3000 P, 225 P to 3000 P, 250 P to 3000 P, 275 P to 
3000 P, 300 P to 3000 P, 125 P to 2500 P, 150 P to 2000 P, 
175 P to 1500 P, 200 P to 1000 P, 250 P to 1000 P, etc. The 
high-shear viscosity (“application viscosity”) refers to the 
viscosity of a coating during application, and typically is less 
than the loW-shear viscosity to alloW ease of application. In 
particular aspects, the coating has a high-shear viscosity of 
0.5 P to 2.5 P, including all intermediate ranges and com 
binations thereof. Speci?c eXamples of high-shear viscosity 
intermediate ranges and combinations thereof include 0.5 P 
to 2.0 P, 0.5 P to 1.5 P, 0.5 P to 1.0 P, 0.5 P to 0.75 P, 0.6 P 
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to 2.5 P, 0.75 P to 2.5 P, 1.0 P to 2.5 P, 1.5 P to 2.5 P, 2.0 P 
to 2.5 P, 0.75 P to 2.0 P, 1.0 P to 2.0 P, etc. 

[0040] In many embodiments, the coating comprises a 
binder. In many aspects, the binder comprises a thermoplas 
tic binder, a thermosetting binder, or a combination thereof. 
In certain aspects, the coating comprises a thermoplastic 
binder. In particular facets, such a coating produces a ?lm by 
thermoplastic ?lm formation. In other aspects, the coating 
comprises a thermosetting binder. In further facets, such a 
coating produces a ?lm by thermosetting ?lm formation. 

[0041] In some embodiments, the binder comprises an 
oil-based binder. In particular aspects, the oil-based binder 
comprises an oil, an alkyd, an oleoresinous binder, a fatty 
acid epoXide ester, or a combination thereof. In further 
facets, such an oil-based binder coating produces a layer 15 
pm to 25 pm thick upon the vertical surface, including all 
intermediate ranges and combinations thereof, or 15 pm to 
40 pm thick upon the horiZontal surface, including all 
intermediate ranges and combinations thereof. In further 
aspects, the binder comprises an oil. In other aspects, the 
binder comprises an alkyd. In speci?c aspects, the binder 
comprises an oleoresinous binder. In some aspects, the 
binder comprises a fatty acid epoXide ester. 

[0042] In other embodiments, the binder comprises a 
polyester resin. In certain aspects, polyester resin comprises 
a hydroXy-terminated polyester. In other aspects, the poly 
ester resin comprises a carboXylic acid-terminated polyester. 
In additional facets, the coating comprises a polyester resin 
and a urethane, an amino resin, or a combination thereof. 

[0043] In some embodiments, the binder comprises a 
modi?ed cellulose. In certain aspects, the modi?ed cellulose 
comprises a cellulose ester, a nitrocellulose or a combination 
thereof. In certain facets, the modi?ed cellulose comprises a 
cellulose ester. In other facets, the modi?ed cellulose com 
prises a nitrocellulose. In further aspects, the coating com 
prises a modi?ed cellulose and an amino binder, an acrylic 
binder, urethane binder, or a combination thereof. 

[0044] In additional embodiments, the binder comprises a 
polyamide. In speci?c aspects, the coating comprises a 
polyamide and an epoXide. 

[0045] In certain embodiments, the binder comprises an 
amino resin. In some aspects, the coating comprises an 
amino resin and an acrylic binder, an alkyd resin, a polyester 
binder, or a combination thereof. 

[0046] In additional embodiments, the binder comprises 
an urethane binder. In particular aspects, the coating com 
prises an urethane binder and a polyol, an amine, an epoXide, 
a silicone, a vinyl, a phenolic, a triacrylate, or a combination 
thereof. 

[0047] In some embodiments, the binder comprises a 
phenolic resin. In further aspects, the coating comprises a 
phenolic resin and an alkyd resin, an amino resin, a bloWn 
oil, an epoXy resin, a polyamide, a polyvinyl resin, or a 
combination thereof. 

[0048] In other embodiments, the binder comprises an 
epoXy resin. In additional aspects, the coating comprises an 
epoXy resin and an amino resin, a phenolic resin, a polya 
mide, a ketimine, an aliphatic amine, or a combination 
thereof. In particular facets, the epoXy resin comprises a 
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cycloaliphatic epoxy binder. In further facets, the coating 
comprises cycloaliphatic epoxy binder and a polyol. 

[0049] In additional embodiments, the binder comprises a 
polyhydroxyether binder. In further aspects, the coating 
comprises a polyhydroxyether binder and an epoxide, a 
polyurethane comprising an isocyanate moiety, an amino 
resin, or a combination thereof. 

[0050] In further embodiments, the binder comprises an 
acrylic resin. In additional aspects, the coating comprises an 
acrylic resin and an epoxide, a polyurethane comprising an 
isocyanate moiety, an amino resin, or a combination thereof. 

[0051] In some embodiments, the binder comprises a 
polyvinyl binder. In further embodiments, the coating com 
prises a polyvinyl binder and an alkyd, a urethane, an 
amino-resin, or a combination thereof. 

[0052] In certain embodiments, the binder comprises a 
rubber resin. In some aspects, the rubber resin comprises a 
chlorinated rubber resin, a synthetic rubber resin, or a 
combination thereof. In additional facets, the coating com 
prises a rubber resin and an acrylic resin, an alkyd resin, a 
bituminous resin, or a combination thereof. 

[0053] In speci?c embodiments, the binder comprises a 
bituminous binder. In additional aspects, the coating com 
prises a bituminous binder and an epoxy resin. 

[0054] In further embodiments, the binder comprises a 
polysul?de binder. In speci?c aspects, the coating comprises 
a polysul?de binder and a peroxide, a binder comprising an 
isocyanate moiety, or a combination thereof. 

[0055] In additional embodiments, the binder comprises a 
silicone binder. In further aspects, the coating comprises a 
silicone binder and an organic binder. 

[0056] In many embodiments, the coating comprises a 
liquid component. In general aspects, the liquid component 
comprises a solvent, a thinner, a diluent, a plasticiZer, or a 
combination thereof. In other aspects, the liquid component 
comprises a liquid organic compound, an inorganic com 
pound, Water, or a combination thereof. 

[0057] In some embodiments, the liquid component com 
prises a liquid organic compound. In certain aspects, the 
liquid organic compound comprises a hydrocarbon, an oxy 
genated compound, a chlorinated hydrocarbon, a nitrated 
hydrocarbon, a miscellaneous organic liquid component, a 
plasticiZer, or a combination thereof. 

[0058] In particular embodiments, the liquid organic com 
pound comprises a hydrocarbon. In certain aspects, the 
hydrocarbon comprises an aliphatic hydrocarbon, a 
cycloaliphatic hydrocarbon, a terpene, an aromatic hydro 
carbon, or a combination thereof. In additional facets, the 
hydrocarbon comprises an aliphatic hydrocarbon. In further 
facets, the aliphatic hydrocarbon comprises a petroleum 
ether, pentane, hexane, heptane, isododecane, a kerosene, a 
mineral spirit, a VMP naphtha or a combination thereof. In 
other aspects, the hydrocarbon comprises a cycloaliphatic 
hydrocarbon. In some facets, the cycloaliphatic hydrocarbon 
comprises cyclohexane, methylcyclohexane, ethylcyclohex 
ane, tetrahydronaphthalene, decahydronaphthalene, or a 
combination thereof. In other aspects, the hydrocarbon com 
prises a terpene. In additional facets, the terpene comprises 
Wood terpentine oil, pine oil, ot-pinene, [3-pinene, dipentene, 
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D-limonene, or a combination thereof. In particular aspects, 
the hydrocarbon comprises an aromatic hydrocarbon. In 
some facets, the aromatic hydrocarbon comprises benZene, 
toluene, ethylbenZene, xylene, cumene, a type I high ?ash 
aromatic naphtha, a type II high ?ash aromatic naphtha, 
mesitylene, pseudocumene, cymol, styrene, or a combina 
tion thereof. 

[0059] In other embodiments, the liquid organic com 
pound comprises an oxygenated solvent. In certain aspects, 
the oxygenated solvent comprises an alcohol, an ester, a 
glycol ether, a ketone, an ether, or a combination thereof. In 
some aspects, the oxygenated solvent comprises an alcohol. 
In further aspects, the alcohol comprises methanol, ethanol, 
propanol, isopropanol, l-butanol, isobutanol, 2-butanol, 
tert-butanol, amyl alcohol, isoamyl alcohol, hexanol, meth 
ylisobutylcarbinol, 2-ethylbutanol, isooctyl alcohol, 2-eth 
ylhexanol, isodecanol, cylcohexanol, methylcyclohexanol, 
trimethylcyclohexanol, benZyl alcohol, methylbenZyl alco 
hol, furfuryl alcohol, tetrahydrofurfuryl alcohol, diacetone 
alcohol, trimethylcyclohexanol, or a combination thereof. In 
other aspects, the oxygenated solvent comprises an ester. In 
particular facets, the ester comprises methyl formate, ethyl 
formate, butyl formate, isobutyl formate, methyl acetate, 
ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate, 
isobutyl acetate, sec-butyl acetate, amyl acetate, isoamyl 
acetate, hexyl acetate, cyclohexyl acetate, benZyl acetate, 
methyl glycol acetate, ethyl glycol acetate, butyl glycol 
acetate, ethyl diglycol acetate, butyl diglycol acetate, 
l-methoxypropyl acetate, ethoxypropyl acetate, 3-methoxy 
butyl acetate, ethyl 3-ethoxypropionate, isobutyl isobu 
tyrate, ethyl lactate, butyl lactate, butyl glycolate, dimethyl 
adipate, glutarate, succinate, ethylene carbonate, propylene 
carbonate, butyrolactone, or a combination thereof. In cer 
tain aspects, the oxygenated solvent comprises a glycol 
ether. In other facets, the glycol ether comprises methyl 
glycol, ethyl glycol, propyl glycol, isopropyl glycol, butyl 
glycol, methyl diglycol, ethyl diglycol, butyl diglycol, ethyl 
triglycol, butyl triglycol, diethylene glycol dimethyl ether, 
methoxypropanol, isobutoxypropanol, isobutyl glycol, pro 
pylene glycol monoethyl ether, 1-isopropoxy-2-propanol, 
propylene glycol mono-n-propyl ether, propylene glycol 
n-butyl ether, methyl dipropylene glycol, methoxybutanol, 
or a combination thereof. In speci?c aspects, the oxygenated 
solvent comprises a ketone. In some facets, the ketone 
comprises acetone, methyl ethyl ketone, methyl propyl 
ketone, methyl isopropyl ketone, methyl butyl ketone, 
methyl isobutyl ketone, methyl amyl ketone, methyl isoamyl 
ketone, diethyl ketone, ethyl amyl ketone, dipropyl ketone, 
diisopropyl ketone, cyclohexanone, methylcylcohexanone, 
trimethylcyclohexanone, mesityl oxide, diisobutyl ketone, 
isophorone, or a combination thereof. In particular aspects, 
the oxygenated solvent comprises an ether. In additional 
facets, the ether comprises diethyl ether, diisopropyl ether, 
dibutyl ether, di-sec-butyl ether, methyl tert-butyl ether, 
tetrahydrofuran, 1,4-dioxane, metadioxane, or a combina 
tion thereof. 

[0060] In some embodiments, the liquid organic com 
pound comprises a chlorinated hydrocarbon. In speci?c 
aspects, the chlorinated hydrocarbon comprises methylene 
chloride, trichloromethane, tetrachloromethane, ethyl chlo 
ride, isopropyl chloride, 1,2-dichloroethane, 1,1,1-trichloro 
ethane, trichloroethylene, 1,1,2,2-tetrachlorethane, 1,2 
dichloroethylene, perchloroethylene, 1,2-dichloropropane, 
chlorobenZene, or a combination thereof. 
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[0061] In further embodiments, the liquid organic com 
pound comprises a nitrated hydrocarbon. In speci?c aspects, 
the nitrated hydrocarbon comprises a nitroparaf?n, N-me 
thyl-2-pyrrolidone, or a combination thereof. 

[0062] In additional embodiments, the liquid organic com 
pound comprises a miscellaneous organic liquid. In some 
aspects, the miscellaneous organic liquid comprises carbon 
dioxide, acetic acid, methylal, dimethylacetal, N,N-dimeth 
ylformamide, N,N-dimethylacetamide, dimethylsulfoxide, 
tetramethylene su?one, carbon disul?de, 2-nitropropane, 
N-methylpyrrolidone, hexamethylphosphoric triamide, 1,3 
dimethyl-2-imidaZolidinone, or a combination thereof. 

[0063] In speci?c embodiments, the liquid organic com 
pound comprises a plasticiZer. In general facets, the plasti 
ciZer comprises an adipate, an aZelate, a citrate, a chlorinated 
plasticiZer, an epoxide, a phosphate, a sebacate, a phthalate, 
a polyester, a trimellitate, or a combination thereof. In 
speci?c facets, the plasticiZer comprises di(2-ethylhexyl) 
aZelate; di(butyl) sebacate; di(2-ethylhexyl) phthalate; 
di(isononyl) phthalate; dibutyl phthalate; butyl benZyl 
phthalate; di(isooctyl) phthalate; di(idodecyl) phthalate; 
tris(2-ethylhexyl) trimellitate; tris(isononyl) trimellitate; 
di(2-ethylhexyl) adipate; di(isononyl) adipate; acetyl tri-n 
butyl citrate; an epoxy modi?ed soybean oil; 2-ethylhexyl 
epoxytallate; isodecyl diphenyl phosphate; tricresyl phos 
phate; isodecyl diphenyl phosphate; tri-2-ethylhexyl phos 
phate; an adipic acid polyester; an aZelaic acid polyester; a 
bisphenoxyethylformal, or a combination thereof. 

[0064] In other embodiments, the liquid component com 
prises an inorganic compound. In speci?c aspects, the inor 
ganic compound comprises ammonia, hydrogen cyanide, 
hydrogen ?uoride, hydrogen cyanide, sulfur dioxide, or a 
combination thereof. 

[0065] In many embodiments, the liquid component com 
prises Water. In particular aspects, the liquid component 
comprising Water further comprises methanol, ethanol, pro 
panol, isopropyl alcohol, tert-butanol, ethylene glycol, 
methyl glycol, ethyl glycol, propyl glycol, butyl glycol, 
ethyl diglycol, methoxypropanol, methyldipropylene glycol, 
dioxane, tetrahydorfuran, acetone, diacetone alcohol, dim 
ethylformamide, dimethyl sulfoxide, ethylbenZene, tetra 
chloroethylene, p-xylene, toluene, diisobutyl ketone, tri 
cholorethylene, trimethylcyclohexanol, cyclohexyl acetate, 
dibutyl ether, trimethylcyclohexanone, 1,1,1-tricholoroet 
hane, hexane, hexanol, isobutyl acetate, butyl acetate, iso 
phorone, nitropropane, butyl glycol acetate, 2-nitropropane, 
methylene chloride, methyl isobutyl ketone, cyclohexanone, 
isopropyl acetate, methylbenZyl alcohol, cyclohexanol, 
nitroethane, methyl tert-butyl ether, ethyl acetate, diethyl 
ether, butanol, butyl glycolate, isobutanol, 2-butanol, pro 
pylene carbonate, ethyl glycol acetate, methyl acetate, 
methyl ethyl ketone, or a combination thereof. 

[0066] In general embodiments, the coating comprises a 
colorant. In some aspects, the colorant comprises a pigment, 
a dye, a pH indicator, or a combination thereof. In speci?c 
aspects, the colorant comprises a pigment. In some aspects, 
the cell-based particulate material comprises 0.000001% to 
100% of the pigment, including all intermediate ranges and 
combinations thereof. In particular facets, the pigment vol 
ume concentration (“PVC”) of the coating is 0.000001% to 
70%, including all intermediate ranges and combinations 
thereof. An example of a speci?c PVC intermediate range is 
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20 % to 70%. In other aspects, the pigment comprises a 
corrosion resistance pigment, a camou?age pigment, a color 
property pigment, an extender pigment, or a combination 
thereof. In some facets, the pigment comprises barium 
ferrite; borosilicate; burnt sienna; burnt umber; calcium 
ferrite; cerium; chrome orange; chrome yelloW; chromium 
phosphate; cobalt-containing iron oxide; fast chrome green; 
gold bronZe poWder; luminescent; magnetic; molybdate 
orange; molybdate red; oxaZine; oxysul?de; polycyclic; raW 
sienna; surface modi?ed pigment; thiaZine; thioindigo; 
transparent cobalt blue; transparent cobalt green; transparent 
iron blue; transparent Zinc oxide; triarylcarbonium; Zinc 
cyanamide; Zinc ferrite; or a combination thereof. 

[0067] In particular aspects, the pigment comprises a 
corrosion resistance pigment. In some facets, the corrosion 
resistance pigment comprises aluminum ?ake, aluminum 
triphosphate, aluminum Zinc phosphate, ammonium chro 
mate, barium borosilicate, barium chromate, barium 
metaborate, basic calcium Zinc molybdate, basic carbonate 
White lead, basic lead silicate, basic lead silicochromate, 
basic lead silicosulfate, basic Zinc molybdate, basic Zinc 
molybdate-phosphate, basic Zinc molybdenum phosphate, 
basic Zinc phosphate hydrate, bronZe ?ake, calcium barium 
phosphosilicate, calcium borosilicate, calcium chromate, 
calcium plumbate, calcium strontium phosphosilicate, cal 
cium strontium Zinc phosphosilicate, dibasic lead phosphite, 
lead chromosilicate, lead cyanamide, lead suboxide, lead 
sulfate, mica, micaceous iron oxide, red lead, steel ?ake, 
strontium borosilicate, strontium chromate, tribasic lead 
phophosilicate, Zinc borate, Zinc borosilicate, Zinc chromate, 
Zinc dust, Zinc hydroxy phosphite, Zinc molybdate, Zinc 
oxide, Zinc phosphate, Zinc potassium chromate, Zinc sili 
cophosphate hydrate, Zinc tetraoxylchromate, or a combi 
nation thereof In speci?c facets, the coating comprising the 
corrosion resistance pigment is a metal surface coating, a 
primer, or a combination thereof. 

[0068] In other aspects, the pigment comprises a camou 
?age pigment. In speci?c facets, the camou?age pigment 
comprises an anthraquinone black, a chromium oxide green, 
a cell-based particulate material of the present invention, or 
a combination thereof. In speci?c facets, the camou?age 
pigment reduces the ability of the coating to be detected by 
a devise that measures infrared radiation. 

[0069] In further embodiments, the pigment comprises a 
color property pigment. In additional aspects, the color 
property pigment comprises a black pigment, a broWn 
pigment, a White pigment, a pearlescent pigment, a violet 
pigment, a blue pigment, a green pigment, a yelloW pigment, 
an orange pigment, a red pigment, a metallic pigment, a 
cell-based particulate material of the present invention, or a 
combination thereof. In certain facets, a color property 
pigment is a cell-based particulate material of the present 
invention, and various examples of colored cells capable of 
being used in a colored cell-based particulate material of the 
present invention are described herein. In particular facets, 
the color property pigment comprises aniline black; 
anthraquinone black; carbon black; copper carbonate; 
graphite; iron oxide; micaceous iron oxide; manganese 
dioxide, aZo condensation, metal complex broWn; antimony 
oxide; basic lead carbonate; lithopone; titanium dioxide; 
White lead; Zinc oxide; Zinc sulphide; titanium dioxide and 
ferric oxide covered mica, bismuth oxychloride crystal, 
dioxaZine violet, carbaZole Blue; cobalt blue; indanthrone; 
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phthalocyanine blue; Prussian blue; ultramarine; chrome 
green; hydrated chromium oxide; phthalocyanine green; 
anthrapyrimidine; arylamide yellow; barium chromate; ben 
ZimidaZolone yelloW; bismuth vanadate; cadmium sul?de 
yelloW; complex inorganic color; diarylide yelloW; disaZo 
condensation; ?avanthrone; isoindoline; isoindolinone; lead 
chromate; nickel aZo yelloW; organic metal complex; yelloW 
iron oxide; Zinc chromate; perinone orange; pyraZolone 
orange; anthraquinone; benZimidaZolone; BON arylamide; 
cadmium red; cadmium selenide; chrome red; dibroman 
throne; diketopyrrolo-pyrrole; lead molybdate; perylene; 
pyranthrone; quinacridone; quinophthalone; red iron oxide; 
red lead; toluidine red; tonor; [3-naphthol red; aluminum 
?ake; aluminum non-lea?ng, gold bronZe ?ake, Zinc dust, 
stainless steel ?ake, nickel ?ake, nickel poWder, or a com 
bination thereof. 

[0070] In general embodiments, the pigment comprises an 
extender pigment. In particular aspects, the extender pig 
ment is a cell-based particulate material of the present 
invention. In some aspects, the extender pigment comprises 
a barium sulphate, a calcium carbonate, a kaolin, a calcium 
sulphate, a silicate, a silica, an alumina trihydrate, a cell 
based particulate material, or a combination thereof. 

[0071] In some embodiments, the coating comprises a pH 
indicator. In some aspects, the pH indicator is a colorimetric 
or a ?uorimetric indicator. Examples of colorimetric include 
AliZarin, AliZarin S, Brilliant YelloW, Lacmoid, Neutral Red, 
Rosolic Red, a cell-based particulate material of the present 
invention, or a combination thereof. In speci?c instances, 
the colorimetric indicator is a pH indicator that undergoes a 
color change betWeen pH 8 to pH 9. Examples of ?uori 
metric indicators include SNARF-l, BCECF, HPTS, 
Fluroescein, a cell-based particulate material of the present 
invention, or a combination thereof. In certain embodiments, 
the ?uorescence indicator has reduced ?uorescence at a 
loWer pH. In speci?c instances, the ?uorimetric indicator is 
a pH indicator that undergoes a ?uorescence change 
betWeen pH 8 to pH 9. Additional pH indicators are 
described, for example, in “Using Acid-Base Indicators to 
Visually Estimate the Ph of Solutions,” by Marcia L. 
Gillette, Chemical Education Resources, Incorporated, 
1995. 

[0072] In general embodiments, the coating comprises an 
additive. In some aspects, the additive comprises 
0.000001% to 20.0% by Weight, including all intermediate 
ranges and combinations thereof, of the coating. In speci?c 
facets, the additive comprises an accelerator, an adhesion 
promoter, an antifoamer, anti-insect additive, an antioxidant, 
an antiskinning agent, a buffer, a catalyst, a coalescing agent, 
a corrosion inhibitor, a defoamer, a dehydrator, a dispersant, 
a drier, electrical additive, an emulsi?er, a ?ller, a ?ame/?re 
retardant, a ?atting agent, a ?oW control agent, a gloss aid, 
a leveling agent, a marproo?ng agent, a preservative, a 
silicone additive, a slip agent, a surfactant, a light stabiliZer, 
a rheological control agent, a Wetting additive, a cryopreser 
vative, a xeroprotectant, or a combination thereof. 

[0073] In additional aspects, the additive comprises a 
preservative. In speci?c aspects, the preservative comprises 
an in-can preservative, an in-?lm preservative, or a combi 
nation thereof. In general aspects, the preservative com 
prises a biocide. In particular facets, the biocide comprises 
a bactericide, a fungicide, an algaecide, or a combination 
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thereof. In speci?c facets, the preservative comprises 1-(3 
chloroallyl)-3,5,7-triaZa-1-aZoniaadamantane chloride; 1,2 
benZisothiaZoline-3-one; 1,2-dibromo-2,4-dicyanobutane; 
1,3-bis(hydroxymethyl)-5,S-dimethylhydantoin; 1-methyl 
3,5,7-triaZa-1-aZonia-adamantane chloride; 2-bromo-2-ni 
tropropane-1,3-diol; 2-(4-thiaZolyl)benZimidaZole; 2-(hy 
droxymethyl)-amino-2-methyl- l-propanol; 
2(hydroxymethyl)-aminoethanol; 2,2-dibromo-3-nitrilopro 
pionamide; 2,4,5,6-tetrachloro-isophthalonitrile; 2-mercap 
tobenZo-thiaZole; 2-methyl-4-isothiaZolin-3-one; 2-n-octyl 
4-isothiaZoline-3-one; 3-iodo-2-propynl N-butyl carbamate; 
4,5-dichloro-2-N-octyl-3(2H)-isothiaZolone; 4,4-dimethy 
loxaZolidine; 5-chloro-2-methyl-4-isothiaZolin-3-one; S-hy 
droxy-methyl-l-aZa-3,7-dioxabicylco (3.3.0.) octane; 6-ac 
etoxy-2,4-dimethyl-1,3-dioxane; 7-ethyl 
bicyclooxaZolidine; a combination of 1,2-benZisothiaZoline 
3-one and hexahydro-l,3,5-tris(2-hydroxyethyl)-s-triaZine; 
a combination of 1,2-benZisothiaZoline-3-one and Zinc 
pyrithione; a combination of 2-(thiocyanomethyl-thio)ben 
ZothioZole and methylene bis(thiocyanate); a combination of 
4-(2-nitrobutyl)-morpholine and 4,4‘-(2-ethylnitrotrimethyl 
ene) dimorpholine; a combination of 4,4-dimethyl-oxaZoli 
dine and 3,4,4-trimethyloxaZolidine; a combination of 
5-chloro-2-methyl-4-isothiaZolin-3-one and 2-methyl-4 
isothiaZolin-3-one; a combination of carbendaZim and 
3-iodo-2-propynl N-butyl carbamate; a combination of car 
bendaZim, 3-iodo-2-propynl N-butyl carbamate and diuron; 
a combination of chlorothalonil and 3-iodo-2-propynl N-bu 
tyl carbamate; a combination of chlorothalonil and a triaZine 
compound; a combination of tributyltin benZoate and alky 
lamine hydrochlorides; a combination of Zinc-dimeth 
yldithiocarbamate and Zinc 2-mercaptobenZothiaZole; a cop 
per soap; a metal soap; a mercury soap; a mixture of bicyclic 
oxaZolidines; a tin soap; an alkylamine hydrochloride; an 
amine reaction product; barium metaborate; butyl parahy 
droxybenZoate; carbendaZim; copper(II) 8-quinolinolate; 
diiodomethyl-p-tolysulfone; dithio-2,2-bis(benZmethyla 
mide); diuron; ethyl parahydroxybenZoate; glutaraldehyde; 
hexahydro-l,3,5-triethyl-s-triaZine; hexahydro-1,3,5-tris(2 
hydroxyethyl)-s-triaZine; hydroxymethyl-S,S-dimethylhy 
dantoin; methyl parahydroxybenZoate; N-butyl-1,2-ben 
ZisothiaZolin-3-one; N-(trichloromethylthio) phthalimide; 
N-cyclopropyl-N-(1-dimethylethyl)-6-(methylthio)-1,3,5 
triaZine-2,4-diamine; N-trichloromethyl-thio-4-cyclohex 
ene-1,2-dicarboximide; p-chloro-m-cresol; phenoxyethanol; 
phenylmercuric acetate; poly(hexamethylene biguanide) 
hydrochloride; potassium dimethyldithiocarbamate; potas 
sium N-hydroxymethyl-N-methyl-dithiocarbamate; propyl 
parahydroxybenZoate; sodium 2-pyridinethiol-1-oxide; 
tetra-hydro-3,5-di-methyl-2H-1,3,5-thiadiaZine-2-thione; 
tributyltin benZoate; tributyltin oxide; tributyltin salicylate; 
Zinc pyrithione; sodium pyrithione; copper pyrithione; Zinc 
oxide; a Zinc soap; or a combination thereof. 

[0074] In other aspects, the additive comprises a Wetting 
additive, a dispersant, or a combination thereof. In speci?c 
facets, the Wetting additive and/or the dispersant comprises 
the additive comprises a combination of an unsaturated 
polyamine amide salt and a loWer molecular Weight acid; a 
polycarboxylic acid polymer alkylolammonium salt; a com 
bination of a long chain polyamine amide salt and a polar 
acidic ester; a hydroxyfunctional carboxylic acid ester; a 
non-ionic Wetting agent, or a combination thereof. In par 
ticular facets, the Wetting additive comprises an ethylene 
oxide molecule comprising a hydrophobic moiety; a surfac 
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tant; pine oil; a metal soap; calcium octoate; Zinc octoate; 
aluminum stearate; Zinc stearate; bis(2-ethylheXyl)sulfosuc 
cinate; (octylphenoXy)polyethoXyethanol octylphenyl-poly 
ethylene glycol; nonyl phenoXy poly (ethylene oXy) ethanol; 
ethylene glycol octyl phenyl ether, or a combination thereof. 
In other facets, the dispersant comprises tetra-potassium 
pyrophosphate, a phosphate ester surfactant; a particulate 
material, a calcium carbonate coated With fatty acid, a 
modi?ed montmorillonite clay, a caster Wax, or a combina 
tion thereof. 

[0075] In further aspects, the additive comprises an anti 
foamer, a defoamer, or a combination thereof. In particular 
facets, the antifoamer and/or the defoamer comprises an oil; 
a mineral oil; a silicon oil; a fatty acid ester; dibutyl 
phosphate; a metallic soap; a siloXane; a Wax; an alcohol 
comprising siX to ten carbons; a pine oil, or a combination 
thereof In additional facets, the antifoamer and/or the 
defoamer further comprise an emulsi?er, a hydrophobic 
silica, or a combination thereof. 

[0076] In additional aspects, the additive comprises a 
rheological control agent. In particular facets, the rheologi 
cal control agent comprises a thickener, a viscosi?er, or a 
combination thereof. In particular facets, the rheology con 
trol agent comprises a silicate; a montmorillonite silicate; 
aluminum silicate, a bentonite, magnesium silicate, a cellu 
lose ether, a hydrogenated oil, a polyacrylate, a polyvi 
nylpyrrolidone, a urethane, a methyl cellulose, a hydroXy 
ethyl cellulose, hydrogenated castor oil; a hydrophobically 
modi?ed ethylene oXide urethane; a titanium chelate, a 
Zirconium chelate, a cell-based particulate material of the 
present invention, or a combination thereof. 

[0077] In speci?c aspects, the additive comprises a corro 
sion inhibitor. In some facets, the corrosion inhibitor com 
prises a chromate, a phosphate, a molybdate, a Wollastonite, 
a calcium ion-exchanged silica gel, a Zinc compound, a 
borosilicate, a phosphosilicate, a hydrotalcite, or a combi 
nation thereof. In other facets, the corrosion inhibitor com 
prises an in-can corrosion inhibitor, a ?ash corrosion inhibi 
tor, or a combination thereof. In further facets, the in-can 
corrosion inhibitor and/or the ?ash corrosion inhibitor com 
prises sodium nitrate, sodium benZoate, ammonium ben 
Zoate, 2-amino-2-methyl-propan-1-ol, or a combination 
thereof. 

[0078] In particular aspects, the additive comprises a light 
stabiliZer. In speci?c facets, the light stabiliZer comprises a 
UV absorber, a radical scavenger, or a combination thereof. 
In certain embodiments, a cell-based particulate material of 
the present invention may comprise a biomolecule capable 
of absorbing UV light (e.g., carotenoid, a chlorophyll, a 
phycobilin, a biomolecule-silica particulate material, etc.), 
and thus function as a UV absorber. In particular facets, the 
UV absorber comprises a hydroXybenZophenone, a hydrox 
yphenylbenZotriaZole, a hydroZyphenyl-S-triaZine, an oxalic 
anilide, yelloW iron oxide, a cell-based particulate material 
of the present invention, or a combination thereof. In other 
embodiments, a cell-based particulate material comprises a 
biomolecule capable of chemically reacting With a chemical 
radical or other chemically reactive species to inhibit (“scav 
enge,”“quench”) an undesirable chemical reaction promoted 
by the chemical radical or other chemical reactive species. 
In other facets, the radical scavenger comprises a sterically 
hindered amine; bis(1,2,2,6,6,-pentamethyl-4-poperidinyl) 
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ester, bis(2,2,6,6,-tetramethyl-1-isooctyloXy-4-piperidinyl) 
ester, a cell-based particulate material of the present inven 
tion, or a combination thereof. 

[0079] In some aspects, the additive comprises a buffer. In 
speci?c facets, the buffer comprises a bicarbonate, a 
monobasic phosphate buffer, a dibasic phosphate buffer, 
TriZma base, a 5 ZWitterionic buffer, triethanolamine, or a 
combination thereof. In further facets, the bicarbonate com 
prises an ammonium bicarbonate. In particular facets, the 
concentration of the buffer in the coating or other surface 
treatment is 0.000001 M to 2.0 M, including all intermediate 
ranges and combinations thereof. 

[0080] In some aspects, the additive comprises a cryo 
preservative, a Xeroprotectant, or a combination thereof. In 
some aspects, the cell-based particulate material comprises 
0.000001% to 80%, by Weight or volume, a cryopreserva 
tive, a Xeroprotectant, or a combination thereof. In some 
facets, the cryopreservative comprises glycerol, DMSO, a 
protein, a sugar of 4 to 10 carbons, or a combination thereof. 
In other facets, the Xeroprotectant comprises glycerol, a 
glycol, a mineral oil, a bicarbonate, DMSO, a sugar of 4 to 
10 carbons, or a combination thereof. 

[0081] In some embodiments, the coating or surface treat 
ment is a multi-pack coating or surface treatment, Which is 
a composition Wherein different components are stored in a 
plurality of containers (e.g., a kit). In particular aspects, the 
multi-pack coating is stored in a tWo to ?ve containers prior 
to application to a surface. In speci?c aspects, 0.000001% to 
100% of the cell-based particulate material, including all 
intermediate ranges and combinations thereof, is stored in a 
container of the multi-pack coating, and at least one coating 
component is stored in another container of the multi-pack 
coating. In some aspects, the container that stores the 
cell-based particulate material further stores an additional 
coating component. In particular facets, the additional coat 
ing component comprises a preservative, a Wetting agent, a 
dispersing agent, a buffer, a liquid component, a rheological 
modi?er, a cryopreservative, a Xeroprotectant, or a combi 
nation thereof. 

[0082] In particular embodiments, the coating is a coating 
capable of being applied to a surface by a spray applicator. 

[0083] In other embodiments, the cell-based particulate 
material is microencapsulated. 

[0084] The invention further provides a coating or a paint 
comprising, in various further aspects, a cell-based particu 
late material, a microorganism-based particulate material, a 
Whole cell particulate material, a unicellular-based particu 
late material, an oligocellular-based particulate material, a 
cell-based particulate material Wherein the average Wet 
molecular Weight or dry molecular Weight of a primary 
particle of a cell-based particulate material is 6,022 kDa to 
1.5><1014 kDa and/or 0.000001% to 100% a biomolecule, or 
a combination thereof. 

[0085] The invention speci?cally provides a coating or 
paint comprising 0.000001% to 65% by Weight or volume, 
including all intermediate ranges and combinations thereof, 
a cell-based particulate material, a microorganism-based 
particulate material, a Whole cell particulate material, a 
unicellular-based particulate material, an oligocellular-based 
particulate material, a cell-based particulate material 
Wherein the average Wet molecular Weight or dry molecular 
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Weight of a primary particle of a cell-based particulate 
material is 6,022 kDa to 1.5><1014 kDa and/or 0.000001% to 
100% a biomolecule, or a combination thereof. 

[0086] The invention provides a coating or paint, the 
improvement comprising inclusion of a cell-based particu 
late material, a microorganism-based particulate material, a 
Whole cell particulate material, a unicellular-based particu 
late material, an oligocellular-based particulate material, a 
cell-based particulate material Wherein the average Wet 
molecular Weight or dry molecular Weight of a primary 
particle of a cell-based particulate material is 6,022 kDa to 
1.5><1014 kDa and/or 0.000001% to 100% a biomolecule, or 
a combination thereof. 

[0087] The invention provides a coating or paint, the 
improvement comprising inclusion of 0.000001% to 65 % by 
Weight or volume, including all intermediate ranges and 
combinations thereof, a cell-based particulate material, a 
microorganism-based particulate material, a Whole cell par 
ticulate material, a unicellular-based particulate material, an 
oligocellular-based particulate material, a cell-based particu 
late material Wherein the average Wet molecular Weight or 
dry molecular Weight of a primary particle of a cell-based 
particulate material is 6,022 kDa to 1.5><1014 kDa and/or 
0.000001% to 100% a biomolecule, or a combination 
thereof. 

[0088] The invention provides a multi-pack coating or 
paint, Wherein a container comprises a cell-based particulate 
material, a microorganism-based particulate material, a 
Whole cell particulate material, a unicellular-based particu 
late material, an oligocellular-based particulate material, a 
cell-based particulate material Wherein the average Wet 
molecular Weight or dry molecular Weight of a primary 
particle of a cell-based particulate material is 6,022 kDa to 
1.5><1014 kDa and/or 0.000001% to 100% a biomolecule, or 
a combination thereof. 

[0089] The invention provides a multi-pack coating or 
paint, Wherein a container comprises 0.000001% to 65%, by 
Weight or volume of the coating or paint, including all 
intermediate ranges and combinations thereof, a cell-based 
particulate material, a microorganism-based particulate 
material, a Whole cell particulate material, a unicellular 
based particulate material, an oligocellular-based particulate 
material, a cell-based particulate material Wherein the aver 
age Wet molecular Weight or dry molecular Weight of a 
primary particle of a cell-based particulate material is 6,022 
kDa to 1.5><1014 kDa and/or 0.000001% to 100% a biomol 
ecule, or a combination thereof. 

[0090] The invention provides a multi-pack coating or 
paint, the improvement comprising inclusion of a container 
comprising, a cell-based particulate material, a microorgan 
ism-based particulate material, a Whole cell particulate 
material, a unicellular-based particulate material, an oligo 
cellular-based particulate material, a cell-based particulate 
material Wherein the average Wet molecular Weight or dry 
molecular Weight of a primary particle of a cell-based 
particulate material is 6,022 kDa to 1.5><1014 kDa and/or 
0.000001% to 100% a biomolecule, or a combination 
thereof. 

[0091] The invention provides a multi-pack coating or 
paint, the improvement comprising inclusion of a container 
comprising 0.000001% to 65%, by Weight or volume of the 
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coating or paint, including all intermediate ranges and 
combinations thereof, a cell-based particulate material, a 
microorganism-based particulate material, a Whole cell par 
ticulate material, a unicellular-based particulate material, an 
oligocellular-based particulate material, a cell-based particu 
late material Wherein the average Wet molecular Weight or 
dry molecular Weight of a primary particle of a cell-based 
particulate material is 6,022 kDa to 1.5><1014 kDa and/or 
0.000001% to 100% a biomolecule, a cryopreservative, a 
Xeroprotectant, or a combination thereof. 

[0092] The invention also provides a non-?lm forming 
coating comprising a cell-based particulate material. 

[0093] The invention provides an elastomer comprising a 
cell-based particulate material. 

[0094] The invention provided a ?ller comprising a cell 
based particulate material. 

[0095] The invention provides an adhesive comprising a 
cell-based particulate material. 

[0096] The invention provides a sealant comprising a 
cell-based particulate material. 

[0097] The invention provides a material applied to a 
teXtile, comprising a cell-based particulate material. 

[0098] The invention provides a Wax comprising a cell 
based particulate material. 

[0099] The invention provides a surface treatment com 
prising a cell-based particulate material. In certain embodi 
ments, the surface treatment is a coating, a paint, a non-?lm 
forming coating, an elastomer, an adhesive, an sealant, a 
material applied to a textile, or a Wax. 

[0100] The invention provides a surface treatment, com 
prising 0.000001% to 65% by Weight or volume, including 
all intermediate ranges and combinations thereof, a cell 
based particulate material, a microorganism-based particu 
late material, a Whole cell particulate material, a unicellular 
based particulate material, an oligocellular-based particulate 
material, a cell-based particulate material Wherein the aver 
age Wet molecular Weight or dry molecular Weight of a 
primary particle of a cell-based particulate material is 6,022 
kDa to 1.5><1014 kDa and/or 0.000001% to 100% a biomol 
ecule, or a combination thereof. 

[0101] The invention provides a surface treatment, the 
improvement comprising inclusion of a cell-based particu 
late material, a microorganism-based particulate material, a 
Whole cell particulate material, a unicellular-based particu 
late material, an oligocellular-based particulate material, a 
cell-based particulate material Wherein the average Wet 
molecular Weight or dry molecular Weight of a primary 
particle of a cell-based particulate material is 6,022 kDa to 
1.5><1014 kDa and/or 0.000001% to 100% a biomolecule, or 
a combination thereof. 

[0102] The invention provides a surface treatment, the 
improvement comprising inclusion of 0.000001% to 65 % by 
Weight or volume, including all intermediate ranges and 
combinations thereof, a cell-based particulate material, a 
microorganism-based particulate material, a Whole cell par 
ticulate material, a unicellular-based particulate material, an 
oligocellular-based particulate material, a cell-based particu 
late material Wherein the average Wet molecular Weight or 
dry molecular Weight of a primary particle of a cell-based 
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particulate material is 6,022 kDa to 1.5><1014 kDa and/or 
0.000001% to 100% a biomolecule, or a combination 
thereof. 

[0103] The invention provides a method of making a 
surface treatment, comprising the step of adding to and/or 
admixing a cell-based particulate material, a microorgan 
ism-based particulate material, a Whole cell particulate 
material, a unicellular-based particulate material, an oligo 
cellular-based particulate material, a cell-based particulate 
material Wherein the average Wet molecular Weight or dry 
molecular Weight of a primary particle of a cell-based 
particulate material is 6,022 kDa to 1.5><1014 kDa and/or 
0.000001% to 100% a biomolecule, or a combination 
thereof; With at least one additional surface treatment com 
ponent. 

[0104] The invention provides a method of making a 
surface treatment, a coating, a paint, a non-?lm forming 
coating, an elastomer, a ?ller, an adhesive, a sealant, a 
material applied to a textile, or a Wax, comprising a cell 
based particulate material, comprising the steps of: obtain 
ing a cell or a virus; processing the cell or virus by 
steriliZing, attenuating, concentrating, drying, milling, 
extracting, resuspending, temperature maintaining, perme 
abiliZing, disrupting, chemically modifying, encapsulating, 
or a combination thereof, to produce a cell-based particulate 
material; and adding and/or admixing the cell-based par 
ticulate material With at least one additional surface treat 
ment component, coating component, paint component, 
non-?lm forming coating component, elastomer component, 
?ller component, adhesive component, material applied to a 
textile component, or Wax component, Wherein a surface 
treatment, a coating, a paint, a non-?lm forming coating, an 
elastomer, a ?ller, an adhesive, a sealant, a material applied 
to a textile, or a Wax, comprising the cell-based particulate 
material is produced. 

[0105] The invention provides a surface treatment com 
prising a cell-based particulate material produced by the 
process Which comprises obtaining a cell or a virus; pro 
cessing the cell or virus by steriliZing, attenuating, concen 
trating, drying, milling, extracting, resuspending, tempera 
ture maintaining, permeabiliZing, disrupting, chemically 
modifying, encapsulating, or a combination thereof, to pro 
duce a cell-based particulate material; and adding and/or 
admixing the cell-based particulate material With at least one 
additional surface treatment component, Wherein a surface 
treatment comprising the cell-based particulate material is 
produced. 

[0106] The invention provides a multi-pack paint, Wherein 
a container comprises 100 parts by volume paint, Wherein a 
second container comprises three parts by volume of a 
Whole cell particulate material composition, and Wherein 
each part of the Whole cell particulate material composition 
comprises 1 mg per milliliter of Whole cell particulate 
material and 50% glycerol. In certain aspects, the invention 
provides a composition prepared by adding the cell-based 
particulate material to glycerol, admixing With glycerol 
and/or suspending in glycerol. In other facets, the glycerol is 
at a concentration of about 50%. In speci?c facets, the 
cell-based particulate material comprised in glycerol at a 
concentration of about 3 mg of the cell-based particulate 
material to 3 ml of 50% glycerol. In certain facets, the 
composition is prepared by adding, suspending, and/or 
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admixing the cell-based particulate material comprised in 
glycerol to the coating at a concentration of about 3 ml 
glycerol comprising cell-based particulate material to 100 
ml of coating. The cell-based particulate material may also 
be added to, suspended in, and/or admixed With a liquid 
component such as glycerol prior to adding to and/or admix 
ing With the coating. The numbers are exemplary only and 
do not limit the use of the invention. The concentration Was 
chosen merely to be compatible With the amount of cell 
based particulate material that can be added to and/or 
admixed With one example of a coating (e.g., a paint) 
Without affecting the integrity of the paint itself. 

[0107] The invention provides, in certain preferred 
embodiments, a composition comprising a coating and a 
cell-based particulate material produced by the process 
Which comprises the folloWing steps: obtaining a culture of 
cells; concentrating the cells and removing the culture 
media; disrupting the cell structure; drying the cells; and 
adding and/or admixing the cell-based particulate material to 
the coating. In some aspects, the composition is prepared by 
the additional step of suspending the disrupted cells in a 
solvent prior to adding the cells to the coating. Any com 
patible amount may be used Within the scope of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0108] One skilled in the art Will readily appreciate that 
the present invention is Well adapted to carry out the objects 
and obtain the ends and advantages mentioned as Well as 
those inherent therein. It should be understood, hoWever, 
that the compositions, cell-based particulate materials, com 
pounds, coatings, paints, ?lms, methods, procedures, and 
techniques described herein are presently representative of 
preferred embodiments. These techniques are intended to be 
exemplary, are given by Way of illustration only, and are not 
intended as limitations on the scope. Other objects, features, 
and advantages of the present invention Will be readily 
apparent to one skilled in the art from the folloWing detailed 
description; speci?c examples and claims; and various 
changes, substitutions, other uses and modi?cations that 
may be made to the invention disclosed herein Without 
departing from the scope and spirit of the invention or as 
de?ned by the scope of the appended claims. 

[0109] As used herein, except for the claims, the terms 
“a,”“an,”“the,”“other,” and “said” means one or more. As 
used herein in the claim(s), When used in conjunction With 
the Words “comprises” or “comprising,” the Words “a,”“an, 
”“the,”“other,” or “said” may mean one or more than one. As 
used herein “another” may mean at least a second or more. 

[0110] All patents and publications mentioned in this 
speci?cation are indicative of the levels of those skilled in 
the art to Which the invention pertains. All patents and 
publications so referenced are herein incorporated by refer 
ence to the same extent as if each individual publication Was 
speci?cally and individually indicated to be incorporated by 
reference. 

[0111] As Would be knoWn to one of ordinary skill in the 
art, many variations of nomenclature are commonly used to 
refer to a speci?c chemical composition. Accordingly, sev 
eral common alternative names may be provided herein in 
quotations and parentheses/brackets, or other grammatical 
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technique, adjacent to a chemical composition’s preferred 
designation When referred to herein. Additionally, many 
chemical compositions referred to herein are further identi 
?ed by a Chemical Abstracts Service registration number. As 
Would be knoWn to those of ordinary skill in the art, the 
Chemical Abstracts Service provides a unique numeric 
designation, denoted herein as “CAS No.,” for speci?c 
chemicals and some chemical mixtures, Which unambigu 
ously identi?es a chemical composition’s molecular struc 
ture. 

[0112] In various embodiments described herein, exem 
plary values are speci?ed as a range. Examples of such 
ranges cited herein include, for example, a temperature for 
groWth and/or preparation of a microorganism, a chemical 
moiety’s content in a coating component, a coating compo 
nent’s content in a coating composition and/or ?lm, a 
coating component’s mass, a glass transition temperature 
(“Tg”), a temperature for a chemical reaction (e.g., ?lm 
formation, chemical modi?cation of a coating component), 
the thickness of a coating and/or ?lm upon a surface, etc. It 
Will be understood that herein the phrase “including all 
intermediate ranges and combinations thereof” associated 
With a given range is all integers and sub-ranges comprised 
Within a cited range. For example, citation of a range “0.03% 
to 0.07%, including all intermediate ranges and combina 
tions thereof” is speci?c values Within the sited range, such 
as, for example, 0.03%, 0.04%, 0.05%, 0.06%, and 0.07%, 
as Well as various combinations of such speci?c values, such 
as, for example, 0.03%, 0.06% and 0.07%, 0.04% and 
0.06%, or 0.05% and 0.07%, as Well as sub-ranges such as 
0.03% to 0.05%, 0.04% to 0.07%, or 0.04% to 0.06%, etc. 
Example 6 provides additional descriptions of speci?c 
numeric values Within a cited range. The phrase “or a 
combination thereof” refers to any combination (e.g., any 
sub-set) of a set of listed components. 

[0113] A. Cells 

[0114] In general embodiments, a preferred cell use in a 
cell-based particulate material of the present invention com 
prises a durable structure at the cell-external environment 
interface, such as, for example, a cell Wall, a silica based 
shell (“test”), a silica based exoskeleton (“frustule”), a 
pellicle, proteinaceous outer coat, or a combination thereof. 
In typical embodiments, a preferred cell is obtained from an 
organism is a unicellular and/or oligocellular organism, as it 
is contemplated that particulate matter may be prepared 
from such an organism Without a step to separate one or 
more cells from a multicellular tissue or organism (e.g., a 
plant) into a smaller average particle siZe suitable for prepa 
ration of a coating or other surface treatment. 

[0115] As used herein, “unicellular” refers to 1 cell that 
generally does not live in contact With a second cell. As used 
herein, “oligocellular” refers to 2 to 100 cells, including all 
intermediate ranges and combinations thereof, Which gen 
erally live in contiguous contact With each other. Common 
speci?c types of oligocellular biological material includes 2 
contacting cells (“dicellular”), three contacting cells (“tri 
cellular”) and four contacting cells (“tetracellular”). As used 
herein, “multicellular” refers to 101 or more (e.g., hundreds, 
thousands, millions, billions, trillions), including all inter 
mediate ranges and combinations thereof, Which generally 
live in contiguous contact With each other. In embodiments 
Wherein the cellular material is derived from a unicellular 
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biological material (e.g., many microorganisms), the com 
position is knoWn herein as a “unicellular-based particulate 
material.” In embodiments Wherein the cellular material is 
derived from an oligocellular biological material (e.g., cer 
tain microorganisms, tissues), the composition is knoWn 
herein as an “oligocellular-based particulate material,” as 
Well as a “dicellular-based particulate material,” tricellular 
based particulate material,” or “tetracellular-based particu 
late material,” as appropriate. In embodiments Wherein the 
cellular material is derived from a multicellular biological 
material (e.g., many eukaryotic organisms such as visible 
plants), the composition is knoWn herein as a “multicellular 
based particulate material.” A cell-based particulate material 
of the present invention may be referred to herein based 
upon the type of biological material from Which it Was 
derived, including taxonomic/phylogenetic classi?cation or 
biochemical composition, as Well as one or more processing 
steps used in its preparation. Examples of such lexography 
for a cell-based particulate material of the present invention 
include a “eurkaryotic-based particulate material,” a 
“prokaryotic-based particulate material,” a “plant-based par 
ticulate material,” a “microorganism-based particulate mate 
rial,” a “Eubacteria-based particulate material,” an 
“Archaea-based particulate material,” a “fungi-based par 
ticulate material,” a “yeast-based particulate material,” a 
“Protista-based particulate material,” an “algae-based par 
ticulate material,” a “Chrysophyta-based particulate mate 
rial,” a “Methanolacinia-based particulate material,” a 
“Microscilla aggregans-based particulate material,” a “bac 
teriophage HER-6 [44Lindberg]-based particulate material,” 
a “bacteria and algae-based particulate material,” a “pepti 
doglycan-based particulate material,” a “pellicle-based par 
ticulate material,” an “attenuated viral-based particulate 
material,” a “steriliZed microorganism-based particulate 
material,” an “encapsulated Streptomyces-based particulate 
material,” etc. 

[0116] It is contemplated that one may obtain biological 
materials such as viruses (e.g., bacteriophages), cells (e.g., 
microorganisms), tissues, and organisms (e.g., plants) from 
an environmental source as Would be knoWn to one of 

ordinary skill in the art [see, for example, “Environmental 
Biotechnology Isolation of Biotechnological Organisms 
From Nature (Labeda, D. P., Ed.), 1990]. HoWever, many 
live cultures, seeds, organisms, etc. of previously isolated 
and characteriZed biological materials have been conve 
niently cataloged and stored by public depositories and/or 
commercial vendors for the ease of use by those of ordinary 
skill in the art. Additionally, the identi?cation of a biological 
material, particularly microorganisms, usually comprises 
characteriZation of suitable groWth conditions for the cell, 
such as energy source (e.g., a digestible organic molecule), 
vitamin requirements, mineral requirements, pH conditions, 
light conditions, temperature, etc. [see, for example, 
“Bergey’s Manual of Determinative Bacteriology Ninth 
Edition” (Hensyl, W. R., Ed.), 1994; “The Yeasts—A Taxo 
nomic Study—Fourth Revised and Enlarged Edition” 
(KurtZman, C. P. and Fell, J. W., Eds.), 1998; and “The 
Springer Index of Viruses” (Tidona, C. A. and Darai, G., 
Eds.), 2001]. Such biological materials and information 
about appropriate groWth conditions is readily obtainable 
from the biological culture collection and/or commercial 
vendor that stores the biological material. As Would be 
knoWn by one of ordinary skill in the art, hundreds of such 
biological culture collections currently exist, and the loca 
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tion of a speci?c biological material may be identi?ed using 
a database such as that maintained by the World Data Center 
for Microorganisms (http://Wdcm.nig.ac.jp/fsearch.html; 
National Institute of Genetics, WFCC-MIRCEN World Data 
Center for Microorganisms, 1111 Yata, Mishima, ShiZuoka, 
411-8540 JAPAN). Speci?c examples of biological culture 
collections referred to herein include the American Type 
Culture Collection (“ATCC”; PO. Box 1549, Manassas, Va. 
20108-1549, USA), the Culture Collection of Algae and 
ProtoZoa (“CCAP”; CEH Windermere, The Ferry House, 
Far SaWrey, Ambleside, Cumbria LA22 0LP, United King 
dom), the Collection de l’Institut Pasteur (“CIP”; Institut 
Pasteur, 28 Rue du Docteur Roux, 75724 Paris Cedex 15, 
France), the Deutsche Sammlung von Mikroorganismen und 
Zellkulturen (“DSMZ”; GmbH, Mascheroder Weg 1B, 
D-38124 BraunschWeig, Germany), the IHEM Biomedical 
Fungi and Yeasts Collection (“IHEM”; Scienti?c Institute of 
Public Health—Louis Pasteur, Mycology Section, Rue J. 
Wytsmanstraat 14, B-1050 Brussels), the Japan Collection 
of Microorganisms (“JCM”; Institute of Physical and 
Chemical Research (RIKEN), Wako, Saitama 351-0198, 
Japan), the Collection of the Laboratorium voor Microbi 
ologie en Microbiele Genetica (“LMG”; Rijksuniversiteit, 
Ledeganckstraat 35, B-9000, Gent, Belgium), the MUCL 
(Agro)Industrial Fungi & Yeasts Collection (“MUCL,” 
Mycotheque de l’Universite catholique de Louvain, Place 
Croix du Sud 3, B-1348 IJouvain-la-Neuve), the Pasteur 
Culture Collection of Cyanobacteria (“PCC”; Unité de 
Physiologie Microbienne, Institut Pasteur, 28 rue du Docteur 
Roux, 75724 Paris Cedex 15, France), the All-Russian 
Collection of Microorganisms (“VKM”; Russian Academy 
of Sciences, Institute of Biochemistry and Physiology of 
Microorganisms, 142292 Pushchino, MoscoW Region, Rus 
sia), and the University of Texas (“UTEX”; Department of 
Botany, The University of Texas at Austin, Austin, Tex. 
78713-7640). 
[0117] Certain cells are capable of groWth in environmen 
tal conditions harmful to many other types of cells, such as 
conditions of extreme temperature, salt or pH. This durabil 
ity in the biomolecule composition of such cells makes them 
preferred in certain embodiments Wherein maximum dura 
bility of a cell-based particulate material, including the 
durability of a biomolecule of the cell-based particulate 
material that contributes to a property other than the par 
ticulate nature of the material (e.g., a biomolecule colorant, 
an enZyme, etc.) is desired in similar conditions in a coating 
or other surface treatment composition. For example, it is 
contemplated that a hyperthermophile-based particulate 
material of the present invention Will ?nd particular useful 
ness in coatings Where thermal extremes may be likely, 
including extremes of temperature that may occur during 
?lm formation. As used herein, a “hyperthermophile” typi 
cally groWs in temperatures considered herein to be a baking 
temperature for a coating (e.g., >40° C.). HoWever, as many 
cell types described herein or as Would be knoW to one of 
ordinary skill in the art can groW at or slightly above this 
de?nition (e.g., 40° C.-45° C.), the examples of hyperther 
mophiles given herein Will focus on cells typically capable 
of groWth at ranges that extend above 45° C. As used herein, 
an “extreme halophile” is capable of living in salt-Water 
conditions of 1.5 M (8.77% W/v) sodium chloride to about 
2.7 M (15.78% W/v) or more sodium chloride. It is contem 
plated that an extreme halophile’s biomolecule components 
Will be relatively resistant to ionic-salt components of a 
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coating or other surface treatment. As used herein, an 
“extreme acidophile” is capable of groWing in pH 1-6, While 
an “extreme alkaliphile” is capable of groWing in pH 8-14. 

[0118] The selection of a cell, particularly a microorgan 
ism, as a colorant is counter to many core teachings in the 
art of coatings and surface treatments regarding microor 
ganisms being undesirable due their ability to discolor a 
coatings and surface treatments. HoWever, in the present 
invention, a cell may instead be selected for preparation of 
a cell-based particulate material of the present invention due 
to its ability to alter the optical properties (e.g., color, gloss, 
etc.) of a coating or other surface treatment. In certain 
embodiments, a cell comprising a biomolecule colorant may 
be used as a colorant, such as a color property pigment or 
extender. In other embodiments, a biomolecule colorant may 
diffuse from the cell-based particulate material of the present 
invention in a surface treatment, or be added to the surface 
treatment as a dye. Examples of organisms that produce a 
biomolecule that confers color include photosynthetic plant 
cells, cyanobacteria, anoxygenic phototrophic bacteria, 
eukaryotic algae, and certain types of Archaea, fungal cells, 
and bacterial cells described herein or as Would be knoWn to 
one of ordinary skill in the art. These cells produce a 
biomolecule that typically absorb light in the visible spec 
trum, Which ranges from 400 nm to 720 nm Wavelengths. A 
cell-based particulate material of the present invention that 
is not particularly colored may be selected as an extender 
pigments or ?llers in a surface treatment. 

[0119] It is contemplated that a colored cell-based particu 
late material of the present invention typically Will comprise 
one or more biomolecule colorants such as a an anthocyanin, 

chlorophyll (e.g., chlorophyll a, chlorophyll b), a phycobilin, 
a bacteriochlorophyll (e.g., bacteriochlorophyll a, bacterio 
chlorophyll b, bacteriochlorophyll c, bacteriochlorophyll d, 
bacteriochlorophyll e, bacteriochlorophyll g), a carotenoid, 
or a combination thereof. In the arts of biology and micro 
biology, such a biomolecule colorant is referred to as a 
“pigment.” HoWever, the Word “pigment” refers to insoluble 
particulate material in the art of coatings, paints, and other 
surface treatments. For clarity, a biologically produced col 
ored molecule or ?uor, including a biomolecule that may not 
possess a strong visible color but absorbs and/or ?uoresces 
in the UV or infrared regions of the spectrum, are referred 
to herein as a “biomolecule colorant.” The Word “pigment” 
remains as is understood in the arts of coatings, paints, and 
other surface treatments, With the disclosure herein that a 
cell-based particulate material of the present invention, 
particularly one comprising a biomolecule colorant, can be 
used as a pigment. 

[0120] In vivo, an anthocyanin (e. g., anthophy) is typically 
red, blue, or violet, a chlorophyll or bacteriochlorophyll 
typically produces a green color, phycobilin typically pro 
duces a bluish or red color, and a carotenoid often produces 
a yelloW or orange color. Examples of a phycobilin include 
phycoerythrin (red), phycocyanin (blue), and allophycocya 
nin (blue-green). The colors of cells are often dominated by 
a carotenoid. Examples of carotenoids and associated colors 
that have been observed in vivo, include: [3-carotene (yel 
loW), y-carotene (yelloW), chlorobactene (green), isorenier 
atene (broWn), lycopenal (violet), lycopene (red), lycopenol 
(violet), fucoxanthin (yelloW-broWn), saproxanthin 
(orange), ?exixanthin (red), okenone (violet-red, pink-rose), 
rhodopin (violet, green), rhodopinal (violet), spheroidenone 
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(red), spirilloxanthin (pink-red, violet-red, broWn-red, red), 
tetrahydrospirilloxanthin (yelloW-orange-broWn), an antho 
phylls (yelloW-green or broWn), Zeaxanthin (yellow), or a 
combination thereof. As Would be understood by those of 
skill in the art, most colored cells comprise a plurality of 
colorants that produce a particular hue. 

[0121] 1. Microorganisms 

[0122] In general embodiments, a preferred organism for 
use in a cell-based particulate material of the present inven 
tion comprises a microorganism, as such an organism is 
typically unicellular and/or oligocellular in structure, often 
comprises a durable structure at the cell-external environ 
ment interface, or a combination thereof. 

[0123] 
[0124] Prokaryotic organisms are generally classi?ed in 
the Kingdom Monera as Archaea (“Archaebacteria”) or 
Eubacteria (“bacteria”). Prokaryotic organisms are generally 
of small cellular siZe, Which alloWs a greater ?exibility in 
use in different surface treatment embodiments. Common 
cell shapes for the Kingdom Monera include bacilli, Which 
is rod-shaped, cocci, Which is spherical, and spirochete, 
Which is helical. These characteristic shapes are often asso 
ciated With Whether the cell is typically unicellular in life, 
such as in the case of bacilli and spirochetes, or Whether the 

a. Prokaryotic Organisms 
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cell is oligocellular clusters or chains in life, such as is in the 
case of cocci. 

[0125] Certain prokaryotic microorganisms lack a durable 
cell Wall, and though they may be used as a coating or other 
surface treatment component, they are less preferred for use 
a cell-based particulate material in the present invention. 
Examples of such prokaryotes that lack a cell Wall include 
the mycoplasmas of the genera Anaeroplasma, Asterole 
plasma, Mycoplasma, Spiroplasma, and Ureaplasma; the 
Archaea genera Thermoplasma. Additionally, intracellular 
parasites such as Chlamydiae (e.g., Chlamydia, Clhamydo 
phila, Parachlamydia, Simkania, Waddlia) are less preferred 
due to the increased cell groWth requirements and usual 
pathogenicity of such cells. Examples of preferred prokary 
otic microorganisms for use as a cell-based particulate 
material of the present invention are described beloW. 

(1) Archaea 
[0126] The domain Archaea is noted for comprising many 
organisms capable of living in environmental conditions that 
most other cells cannot endure. The cell Wall of Archaea 
typically comprises pseudopeptidoglycan, a macromolecu 
lar polymer comprising polysaccharide and peptide or 
polypeptide components, as Well as glycoprotein, protein, 
polysacharride, or a combination thereof. Examples of 
Archaea siZe and shapes are shoWn at Table 1 beloW. 

TABLE 1 

Examples of Archaea Cell’s Size and Shape 

Genus Size Shape Number 

Acidianus 0.5-2.0 ,urn Co S 
Archaeoglobus 0.4—1.3 ,urn Co S, P 
Desulfurococcus 0.5-1.0 ,urn Co S 
Haloarcula 0.3—1.0 ,urn x 1.0-6.0 ,um" R", or S 

or 1.0-3.0 ,um** Tr**, 
R096 96 

Halobacterium 0.5-1.2 ,urn x 1.0-6.0 [urn R S 

Halococcus 0.8—1.5 ,urn Co S, P, T, 
TI‘, OC 

Haloferax 1.0-3.0 ,urn x 20-30 [urn R S 

Hyperthermus 1.5 ,urn Co S, P, MC 
Metallosphaera 0.8—1.2 ,urn Co S 
Methanobacterium 0.5-1.0 ,urn R, CR S 
Methanobrevibacter 0.6 ,urn x 08-20 [urn R, O, Co P, OL 
Methanococcoides 1.0 ,urn Co S, P 
Methanococcus 1.0-2.0 ,urn Co S 
Methanocorpusculum 1.0 ,urn Co S 
Methanoculleus 1.0-2.0 ,urn Co S 
Methanogenium 1.0-3.0 ,urn Co S 
Methanohalobium 0.5-1.5 ,urn Co S 

Methanohalophilus 0.5-3.0 ,urn Co S, P 
Methanolacinia 0.6 ,urn x 1.5-2.5 [urn R S 

Methanolobus 1.0 ,urn Co S, OC 
Methanomicrobium 0.7 ,urn x 1.5-2.0 [urn CR S 

Methanoplanus 0.1-0.3 ,urn x 1.5-3.0 [urn Co, Pl S 
Methanosarcina 1.0 ,urn Co S, OC 
Methanosphaera 0.6-1.2 ,urn Co S, P 
Methanospirillum 0.4-0.5 ,urn x 70-100 ,urn CR S, OL, ML 
Methanothermus 0.3-0.4 ,urn x 1.0-3.0 [urn R S, OL 

Methanothrix 0.8-1.2 ,urn x 2.0-3.0 [urn R OL 

Natronobacterium 0.5-1.0 ,urn x 20-150 ,urn R S 

Natronococcus 1.0-2.0 ,urn Co S, P, T, 
TI‘, OC 

Pyrobaculum 0.5 ,urn x 1.5-8.0 [urn R S, OL 

Pyrococcus 0.8—2.5 ,urn Co S, P 
Pyrodictium 0.2 ,urn x 03-25 [urn Dk OL 
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TABLE l-continued 

Examples of Archaea Cell’s Size and Shape 

Genus Size Shape Number 

Staphylothermus 0.5—15.0 [um Co S, P, OL 
Sulfolobus 0.8-2.0 ,um Co S 
Thermococcus 0.5-3.0 ,um Co S 
Thermo?lum 0.15-0.35 ,um x 1.0—100.0 ,um R S 
Thermoproteus 0.4 ,um x 1.0—100.0 [um R S 

Shape: R = rod; CR = curved rod; O = ovoid, oval; Co = cocci, coccoid; Tr = ?at-tri 
angle; Pl = plate-shape; Rc = ?at rectangle; Dk = dish-shaped. 
Number: S = unicellular; P = cell pairs; T = triad of cells; TT = tetrad of cells; OC = 

oligocellular cluster; MC = multicellular cluster; OL = oligocellular chain; ML = multi 
cellular chain. 

[0127] Examples of biological culture collection sources 
for Archaea are shoWn at Table 2 beloW. 

TABLE 2 

Examples of Archaea Culture Sources 

Genus Examples of Culture Collection Strains 

Acidianus DSMZ Nos. 3772, 1651 and 3191 
Acidilobus DSMZ No. 11585 
Aeropyrum DSMZ No. 11879 
Archaeoglobus DSMZ Nos. 4304, 4139, 5631 and 11195 
Caldivirga DSMZ No. 13496; JCM No. 10306 
Desulfurococcus DSMZ Nos. 3822, 2161 and 2162 
Ferroglobus DSMZ No. 10642 
Ferroplasma DSMZ No. 12658 
Haloarcula DSMZ Nos. 12282, 4426, 6131, 3752, 11927, 8905 and 3756 
Halobacterium DSMZ Nos. 3754 and 3750 
Halobaculum DSMZ No. 9297 
Halococcus DSMZ Nos. 14522, 1307, 5350 and 8989 
Haloferax DSMZ Nos. 4425, 4427, 1411 and 3757 
Halogeometricum DSMZ No. 11551; JCM No. 10706 
Halomicrobium DSMZ No. 12286 
Halorhabdus DSMZ No. 12940 
Halorubrum DSMZ Nos. 10284, 5036, 1137, 3755, 14210 and 8800 
Haloterrigena DSMZ Nos. 11552 and 5511 
Hyperthermus DSMZ No. 5456 
Ignicoccus DSMZ Nos. 13165 and 13166 
Metallosphaera DSMZ Nos. 10039 and 5348 
Methanobacterium DSMZ Nos. 3387, 863, 7095, 5982, 1535, 2611, 11106, 

3108, 2257, 11074, 3266 and 2956 
Methanobrevibacter DSMZ Nos. 15163, 1125, 11111, 11139, 11501, 11977, 

7256, 1093, 861, 3107, 11995, 11979 and 11976 
Methanocalculus DSMZ Nos. 14092, 12632 and 14648 
Methanocaldococcus DSMZ Nos. 4213, 11812, 2661 and 12094 
Methanococcoides DSMZ Nos. 6242, 2657 and 7059 
Methanococcus DSMZ Nos. 2067, 1224 and 1537 
Methanocorpusculum DSMZ Nos. 3027, 4179, 4855, 3823 and 4274 
Methanoculleus DSMZ Nos. 3045, 13459, 1498, 6216, 2772, 4273 and 2373 
Methanofollis DSMZ Nos. 14661, 4140 and 2702 
Methanogenium DSMZ Nos. 1497, 2832, 3596 and 4553 
Methanohalobium DSMZ Nos. 3721 and 5814 
Methanohalophilus DSMZ Nos. 3094, 5219, 7471 and 5700 
Methanolacinia DSMZ No. 2545 
Methanolobus DSMZ Nos. 7082, 5435, 9005, 2278 and 3029 
Methanomicrobium DSMZ No. 1539 
Methanomicrococcus DSMZ No. 13328 
Methanoplanus DSMZ Nos. 3599, 2279 and 11571 
Methanopyrus DSMZ No. 6324 
Methanosaeta DSMZ No. 3671 
Methanosalsum DSMZ No. 4017 

Methanosarcina DSMZ Nos. 2834, 14042, 800, 13486, 2053, 12914, 3028, 
4659, 1825 and 1232 

Methanosphaera DSMZ Nos. 4103 and 3091 
Methanospirillum DSMZ No. 864 
Methanothermobacter DSMZ Nos. 7466, 2133, 1053, 7268, 6529 and 2970 
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