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FIELD OF THE INVENTION
I0001]  This invention relates to conversion of blomass o yseful hydrocarbons and,

mare particularly, 1o conversion of biomass to useful hydrocarbans ulilizing simulated
temmite gut celi-lo-celf communication.

BACKGROUND

[0002)  While sxperts in energy management may dispute the 1fe span of oil reserves,
many believe that s deplelion will happen within the next half century. As manking's
refiance on, and need for, reliable, susteinable fuel sources increases, researchers are
investing increasing amounts of time and money inle altermnative enewgy sowrces.
0003 Among the various opfions, use of biomass as a renewable, carbon-bassd
enargy source has become a popular idea. Biomass comprises any plant or organic
waste that can be used to produce heat, power or fugl. Common axamptles of Womass
are sugar cane and its byproduct, bagasse, cormn, swich grass, crop residuals, and
ammal manure,

O004]  The most common way 1o convert biomass to energy Is burning. The heat
gensrated from burning can be used, £.¢., fo heat bulldings or dry crops, and can be
used o create steam for driving steam twrbines o generate glecticily.  Howaver, there
are substantial needs for hydrocarbons from biomass that can be used directly, e.g., a8
fusl. Several publications describe methods for converting biomass to various
hydrocarbon chemical intermediates and feed-stocks. Cellutose hydrolysts fo glucose
and subsequent fermentation has beenutilized to produce ethanol and related
materials, but overall process economics have not been favorgble. US Patent

4 592,762 describes several published processes for gasification of celluiosic blomass.
[00B5]  Termites have been steadily and effectively converting celiulose to varous
metabolic products for milienia, Climate researchers have been particularly interested
in mathane produced in the termite gut. US Patents 5.870,345 and 5,854,032 describe
use of bacteria from termite guts for producing humic acid from coal. US Patent

8 143,834 descrines use of termite guls for producing methane from coal.

{0008]  Yet o our knowladge there is no commercially implemented means of
converting biomass to useful gaseous or liquid hydrocarbons. it s gstimated that the
Gulf Coast makes enough celiulosic materals to provide fue! for much of North America
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if commercially viable means for converting the celluiosics to such hydrocarbons were
available.
ID00T]  Thus, @ need sxists for commercially feasible means for converling biomass to

useful hydrocarbons.

SUMMARY OF THE INVENTION
00081 This invention provides methods of converting biomass o useful

hydrocarbons. According to this fnvention, biomass is converted (o gasaous methane
autside fermite gut by using simulated cell<to-cell communication as is done inside
termite gut, and the gaseous mathane is converied to useld hydrocarbons via means
for converting gas to Hquids.

DETAILED DESCRIPTION OF THE INVENTION

{06081  The following are provided by this invertion. Methods comprising simulating
termite gut celidio-cell communication to form biofiim suitable for forming gaseous
methane from biomass sutside termite gut. Methods comprising: () simulating termite
gut cell-o-cell communication to form biofilm sultable for forming gaseous methane
from biomass: and (1) using the biofiim to form gaseous methane from blomass outside
termite gut, and such methods wherein (b} s conducted at substantially ambient
pressure and substantiatly ambient temperature. Methods comprising: (&) forming
gaseous methane from biomass outside termite gut by simulating termite gut cell-to-cell
sommunication; and {b) converting the methane 1o useful hydrocarbons via progess for
conhverting gas 1o Hguids. Methods comprising: (&) identifying termite gut environmen
capable of converting biomass to methane; (b} simulating the termite gut environment
in cantainer cutside the termite gut; and {¢) converting biomass to methang inthe
corainer putside the termite gut. Methods comprising: {a) identifying lermite gt
srviranment capable of converting biemass to methane; (b} simtdating the termite gut
environment in containes cutside the termite gut, {c) converting biomass to methane in

3

the simulated termite gut in the container; and {d) converting the methane to usefd
nydrocarbons via process for converting gas fo liquids. Methods comprising: (a)
obtaining intesting! flora from termite gut environment, (b} simulating celto-cell
chemistry of the intestina! flors that causes biomass 1o convert to methane in container
putside the termite gut and (¢} converting biomass io methane i the container owdside
fhe termile gut. Methods comprising: {(a) obtaining intestinal flora from tarmite gut
anvironmeant; {b) simulating celi-to-cell chemistry of the inlestinal flora that causes

"
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biomass o convert to methane in container oulside the termite gut 1o Torm biofiim
suitable for converting blomass to methane; {¢) adding biomass fo the comtainer
sontaining the blofiim; and (d) converting biomass to methans in the container,
Methads comprising: {8) obiaining infestinal Hora from termite gut environment; (b)
simudating cell-to-cell chamistry of the infestinal flora that causes biomass {o convertio
methane in container owlside the termite gul; () converting biomass to methane in the
cantainer putside the termite gut and {d) converting the methane o uselu
hydrocarbons via process for converting gas o kquids.  Methods comprising: {a)
pbtaining intestinal fora from termite gut environment, (b sinulating ceit-o-cell
chamistry of the intestingl flory that causes blomass to convert fo methane in container
autside the termite gut o form biofilm suitable for converting biomass o methane, (€}
adding blomass to the container contalning the blofiim, (4 converting biomass to
methane in the container: and (e} convarling the methane to useful hydrocarbons via
arocess for converting gas to hguids.
{0018 According to this nvention, intestinal fiora is obtained from termite gut using
known or newly developed microbiclogical investigative techniques. As used herein,
“itestinal fora” comprises bacteria and other organisms that ive I the intestine {sueh
other arganisms may include, without imitation, various protozoans, fung! and yeast).
Knowr of newly developed investigative techniques ars used to esiablish and contro!
niofim commurities that simidate termite qut environment. For example, csfi-to-cell
signal chernistry of the intesting! flora is identified as is needed o establish and control
such biofilm communities.  Such biofilm communitiss are established culside tarmite
gut and are used for converting celijosics to methane. Celjulosics and the bioftim can
be combined in a container, L8, both put into the container, for the conversion {o
methans o ocour.
00411 In vivo termite gut inlestingl fora comprise a biofiim system that is controfied
by celi-to-call signals such as quorum-sensing signal compounds, in processes of this
irvention, quorum-sensing signal compounds are simulated and used io construct and
inhabit such hioim systems in an /o witre environment. Once such a protection
siructure is established, the normal operations of the micro-organism community can be
hamessed 1o such bictechnologicsl applications as described within the confines of this
dotument.
10012] Some son-limiting sxamples of biofilm forming command compounds are as

follows:
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Signat "A”, acylated honoserine lactone {(sftachment signal for Psusudomonas

aeruginesay
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Signal “B", acylated homoserine lacione {reguiation signal for Agrebacterium

tumefaciensy
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00931 Two or more of such signal compounds can be combined {0 establish biofim
structure. For example, & plurality of signal "A” can be combined {o eslablish biofiim
structure, or & plurality of signal "A" and a plurality of signal "B" can be combined to
sstabliish biokim structure. Numerous varieties of combinations of such signat
compounds for forming blofiim structure(s) are contemplated by this invention. When
two or more of such signal compounds are combined for al least aboud 30 mintdes o
about 24 hours, e.g.. for about 4 houwrs, the signal compounds can establish biofim

sirugture.

sy

0014} CelMo-cell ,signai chemistry of intestinal fliora from gut of Coplotermes
Formosan-subterranean termites and/or Native-sublerranean lermiles) can be
simutated for use in this hvention, Celi-to-cell signal chemistry of intestinal Sora from
other termite sources can alse be simulated for yse in this invention, 8.4, for produging
hiofilim for use in this nvention.

00151 His estimaled that 3 10,000 gallon stirred {ank reactor could contain enough
termite gut-simudating biofilm to convert 1000 board-fest of celiulose per minude to
methane.

5‘:@%”% 81 Asa side-beneft, as the cellulosic matedal is "digested” in tarmife-gut

lating envirenment, two different streams are produced: (i) product of

i@
s
ey,

carbohydrate convarsion (e, methans), and (i} essentially unmodified (undt gested)
fignin (e, antioxidant materials). Such antioxidant malerials may be used as industrial
antioxidant. Exampies of applications for this {ype of antioxidant include antioxidant
protection of polyinerios (tres, asphalt, eic).

D017 Methods of this invention have the advantage of utitizing biomass conversion
capability of termite gut outside the termite gut. Additionally, methods of this invention
convert biomass lo methane af substantislly amblent pressure and temperature, adding
0 the commercial viability of such methods.

EXAMPLE
I0048]  The following exampls is Hustrative of the principles of this invention. ftis
understoed that this invention is not Emited to any one specific embodiment exempiified
hereln, whethst in the examples or the remainder of this patent application.
[00M8]  Nests of Formosan-subterranesn tenmites ave collected from infesled mudch
in Loulsiana. Termites are removed less than 2 hours alter sampling using stery
forceps. The hind-guts of the fermites are removed, ransferred, and kept at 5°C in
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Hungate tubes containing 5 mi meadium of Widde! (1980) and gassed with Na/Cos
(BR/20). The Hungale Wbss are fransferred inte an anaercbic glove bdox. The gut walls
are disrupted in a 5-mi sterilized Yssue homogenizer for b minutes, than ransferred info
a 80 serum bottle containing 15 mi of Widds! culfture medium with the following
compasition in gft KHPOy, 0.2 NH.CL 0.3; KCIL 0.5 NaGt, 1; CaCly2H,0, D.15;
MaCl8H.O, 0.4; 1 mit of trace slement solution {imhoff-Bluckie and Plannig 1983}
and 1 mif of resazurin {0.1%, wivel) are added. The medium is adjusted to pH 7.0 with
KOH and bolled under Oxfres N After cogling 1o room temperalure, 20'mi medium is
transfarrad into B0 serum botiles inside the glove box. The bottles are stoppered
with black butyt rubber closures (Selico) and oulgassed with No/CO,. After sterfiization
{110°C, 35 minutes), the following sterile solutions are added to each botlle using one-
way syringes: 0.25 mi NaBCG; {10%, wifval), 0.2 mi Nap,5-8M0 (4%, wiivol); 0.2 mi
vitamin solution (10%, wiivel) (Plennig 1878) and 50 microliters NapSeDi {(8.3%,
wiival}.

100201 A pluralty of quorum sensing signal compounds "A” {as defined herein}

are placad in @ container. After about 4 hours, the plurality of guorium sensing signal
compounds “A" establish a suitable biofilm structure. Then, g portion of the contents of
the B0-ml serum botlies containing remaved termite hind-guds are removed fom the

bottles and placed in the container with the plurality of quorum sensing signal
compounds "A” and the biofilm structure constructed thereby. After about 4 howrs, the
Juorum sensing signal compounds innate o the termite hind-gut fora adequately
overtake the biofilm structure and a biofilm structure emulating that of the termite
hind-gut is eslablished.

{00211 The thus-formed biaSlm structure emulating that of the termite hind-git is
added to sugar cane biomass and methane s produced.

10022] While the present invention has been described in ferms of one of morg
oreferred embodiments, it is to be understood that other modifications may be made
without departing from the scope of the invention, which is set forth in the claims below.
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CLAIMS

1. & method comprising simulating fermite gut cellto-cell communication {o form

biofim sultable for forming gaseous methane from biomass oulside termite gut.

A method comprising

o3

(&) simulating termite gut celi-to-cell communtcation to farm biofilm sultable for
forming gaseous methane from biomass,; and

(b} using the biclim to form gaseous methane from biomass culside lermite gut.

3. The method of claim 2 wherein (b} is conducied al substantially ambient

prassure and substantially amblent lemperature.

4. A method compnising:
{a) forming gaseous methane from biomass outside termite gut by simulating
fermite gut celivo-cell communication; and
(b} conventing the methane to useful hydracarbons via process for converting

gas o hguids.

A methad comprising:

o

{a) identifying tarmite gut environmeni capable of converting biomass fo
methang;

(b} simulating the fermite gut snvironment in container outside the termite gut
and

{£) converting biomass o methane in the container culside the termite gut

8, A method comprising:
{a) identifying termite gul environment capalie of converting blomass io
methang,
(B} simulating the termite gui environment in container oulside the termite gut;
{¢) converting biomass fo methane in the simulated termite gulin the container;
and
{d} corwerting the methane to useful hydrocarbons via process for converting

gas fo lquids.
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1Q

A method comprising.

{&) obtaining intestina! flora fromy termite gut environment;

{v} simuiating celi-io-cell chemistry of the intestinal flora that causes biomass o
canver o methane in container autside the termite gut, and

{c} converting biomass to methane in the container outside the {ermite gut.

A method comprising:

{a} obiaining intestinal flora from fermite gut environment;

(b} simulating ceii-to-cell chemistry of the intestinal flora that causes biomass to
gonvear fo methane in container culside the fermite gut to form biofm suitable
for converling biomass o methane,

o} adding biomass to the confainer containing the biofilm; and

{
{4} converling blomass to methane i the containgy.

A method comprising:

{a} oblaining intestinal flora from termite gut environment;

{b} shmulating cell-to-call chamistry of the inlestinal flora that causes biomass to
convert to methans in container oudside the termite gut;

{c} converting blomass o methang in the container outside the termite gut and
{d} converting the methane o useful hydrocarbons via process for converting

gas to liquids.

A& method comprising:

{a) obiaining Intestinal flora From termite gut ervironment;

{0} simutating cell-to-cell chemistry of the intestinal fora that causes biomass 1o
convert to mathane in container outside the termile gut to form biofilm suitable
for converting biomass o methane;

{c} adding blomass 1o the containgr containing the biofilm;

{d} nonverting biomass {o methane in the conlalner, and

{8} converting the methane 1o uselll hydrocarbons vig process for convering
gas fo lgquids.
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