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I nventi on The invention relates to al gae, al gae
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(a) a photobiore,actor; and (b) the substantially
pure culture of the second aspect. Also disclosed are
met hods for lipid isolation, wastewater renediation,
wast e gas renedi ation, and/or biomass production,
conprising culturing a Chlorella sp., wherein the
Chiorella sp. genone conprises one or nore nucleic
aci d sequence selected fromthe group consisting of
SEQ NO'! (1TS-1249 bp), SEQID NO 2 (rbcL-1393 bp),
SBMAYNO 3 (| TS1-502- 739 of ITS), SEQ ID NO 4
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aci d sequence of SEQ ID NO 1, or conplenent thereof,
wherein the culturing is carried out under conditions
suitable for proliferation of the Chlorella sp., and
harvesting al gal' protein ancUor bi omass conponents
fromthe cultured Chlorella sp. Brief Description of
the Figures Figure!. Effect of carbon dioxide on
grow h kinetics of Chlorella sp. cultured in 300 n
capacity glass colums (68 cmlong with an inner
di aneter of 2.3 cm. Cultures were aerated with
-conpressed air containing either 1% or 15% CCR2.
Cultures were at 251C and light intensity of 170
innol 1112 sl1. Figure 2. Effect of carbon di oxi de on
bi omass yield of Chlorella sp. (Culture conditions
were the sane as described for Figure 1). Figure 3.
Ef fects of carbon dioxide on the |lipid content (a)
and lipid yield (b) of Chlorella sp. (Pulture
conditions sane as for Figure 1).



Figure 4. Effect of dairy wastewater (DWN on growth

of Chlorella sp. grown in 300 m capacity gl ass

colums (68 c-in long with an inner dianeter of 2.3

cm at 251C, 1% 5 CO2, and continuous illum nation of

170 gnol nl12 s. Figure 5. Effect of dairy wastewater

on biomass yield of Chlorella sp. grown in a gl ass

col um bioreactor (Gowh conditions were the sane as
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Figure 2. Effect of carbon dioxide on biornass yield of Chlorella sp. (Culture conditions

were the same as described for Figure 1).
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S IDNO2 (rbcL---1393 bp), SEQ ID NO 3 (ITS1-502-739
of ITS), SEQ ID NO 4 (11'52-899-1137 of ITS), SEQID
NO 5 (I TS-827 bp), and SEQ ID NGO 6 (rbcL-1160 bp) or

‘&qugolzﬁg@g}s thereof. As discussed in nore de @+)U520{|7/068889

ach of these nucleic acid sequences SErves
a marker for the novel Chlorella sp. of the present
i nvention, and distinguishes it fromother Chlorella
strains. 10The al gae of this first aspect of the
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no imted production
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electlve SS rin e sel ectj cess.
Sishap R CoRY Safibi Pert B Sk 67 a8 orr i
F%fﬂrﬂ tHect dﬁ;[h‘iriyfv@‘dsféﬁfa’@h@l{ Bt @f‘dd%f:ﬂnﬁfy o QrRGENLE. grown in a
used herein the term"isol ated" neans_t hat at

glpss galumydugredetqr @roavt@ SRNAHIQOS BHREC ThA SYPRASIBRPYE Di on are

Flgt.retdﬂ Pdie /&ou&&s edtﬁ/d@@cmonezfa%tqu:rnﬁm%aé}egkma&nd C
east 95% 98% or 99% of the algae present in th

= thofposi tion are of the recited algal type. The

w21 SRR, B SOTRBR AN SoR e iy of o

bapdsdh €. re@hﬁ (ﬁlﬂFS\ (ietelmeul ﬁﬁhscﬂ)’tﬁedtsb&@r)fﬂa’ns 22 @Q’Iﬂs (ﬁOpeﬁﬁndnlab
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bo@’eéﬁﬁlﬁ bilh@sre&iveﬂ i fhic @R SitS-2hie 6drBenduk 682 thebdtsEPanalysis based
consi sting of nitrogen, phosphorous, and inorganic

oncl9P Eeplicaiogs. (Ihelnpnﬁwg’wﬁml ‘Wef belaw Almsraiat shoyye
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were not shown.

Figure 11.  Sequence alignment of 827bp region of ITS segment for Chlorella sp.
(CV) and its closest phylogenetically related species Chlorella vulgaris CBS 15-2075
(GeneBan.k Accession Number: AY948419), ITS1 (168-405) and ITS2 (565-803) are
marked separately.

Figure 12.  Sequence Alignment of 1160 bp of rbcL. for Chlorella sp. (cv) and its
closest phylogenetically related species Chlorella pyrenoidosa (GeneBank Accession

Number: AB240145). The codon starts from 1* nucleotide.
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As used herein, the phrase "ability to grow' neans
that the Chlorella sp. are capable of reproduction
adequate for use in the methods of the invention

: r the recited 5conditions. As used herei g
vg‘ﬂ?@%’ég‘ﬂ%n ability to assimlate | arge quant P{:?@ 2%8?/068889
nutrients" nmeans the followng: for nitrogen (nitrate

or ammoni a/ anmoni un) renoval from contam nated wat er

and wastewater, at least 2 ng per liter of nitrogen
Dasiled Desatiption ofuliednventipar hour of treat nment is

regard as a high renoval. rate. (ie..

| oF g8 et e Faseriventing Bipvick i indoEa DalopilacRl
cobPOBIMan, WHeRMm &@\i\eﬁ’}[a‘cﬁ ETbrelil U@ @ﬁ&n@éﬂnﬁﬁis@dﬁel@ uRfe Alcleic

| east 2 grans of per liter of

acKiggAuEFe salgotqdyiEpm t—bﬁ afcrwon@stm@g)& ﬁ&@d%d%oal (ET%TTH‘% bp), SEQ
D8O r@%cﬂ ai@zs b§‘§ sﬁgﬁ)t ilqt@r g*FS] t '3@2 Py 3S8's n%%@kj ﬁﬁNotzP

accunul ate | arge bi onass ans
(I'B36-899- tk3y QK/éTS;)hSEQ 115 Ni)ééﬂ"cﬁ#d%’élmﬁc&md S.EIQEIQ)N@%ancL—l 160

bp.b:(?))r cc1t I1on el %VI dﬁ?h%ls% glnntacly %l TxylﬂB r}%af?a%% Jg}]lﬁor élf:]lem

ST NG A gro 'S0

_ acﬁip;eqﬁmésh@rvfej; fissd m&lﬂkpleﬁ)t t}ﬁfnotrdéi eé]hlcﬁedlms;e of the preseéis invstébn,

the ter medi unt’ refers to any

rein
angafsf%%’rl\%wﬁﬁé‘?oﬁhﬁ’ f(t}’r ‘ﬁre%}?été"’tl?%g al gae of the present

| NVeamthRae ofthB fﬂét&@&c%fth@ﬁwbtﬁﬁﬁ%d @BuE BJF aGhA¥y of purposes,
phot osynt heti cal | y CO2 and sunlight, plus a
inglpdipgrbihnahiimied f@fhptdr Heéuqmwwwter TaieediASIP DFeastsreas

relgé t ) Va?ﬁgé Hﬂcﬁ@tﬂop@[ gae %%dl:fé@bléﬁﬁsts%& daff fbe u%ed fO

or any purpose, whet
exanpin,cmmmhaé bvdandosgagialferiiliatri dihesdwed ar descgbal ie more detall
bel ultlvatlon for use in, 20 for exanple,
SPor emedi ation, |i pi d production, and/or al gal
bi ormhs slgps Gﬁhﬁtﬂrﬁﬁspe&ld)ﬁtﬁ@iﬂ@elﬁiogaﬂfer@di@imé@bYTE Séletiot process

be such di um |ncludn ot Jimted.to
ﬁog@@# AL SBgro éaﬁw%maleﬁmahtaa@%) Thus,
thecgﬁzzbi«erzzh R, deﬁ%@rh@;ﬁ B Rsurafly B&ﬁwb&%mﬁly%t {soldfe8, or may

used; in other enbodi nent’s, tenperature ranges
be e vesdry I&@atmawdéwéd@gté@ preseue [dufing the pelggiipn process. As

usdd Bl 'thé’ Cﬁl%ﬁégﬁ%grzﬁﬁlu@ B whhtfe 1&%%%%%8&&&&&%1

I's used i ous enbodi nent s, e may be
recitf@ pm)l m2s 1 to 500 gm)l na-2s A or 150 gnol mZS

out MRS TRl 0 T B B B fcn i
theasvpakifem ti$,of &RrradiicdRlgabtyparif Iﬁ&dleﬁuhbdﬂhméht.‘b at &2 05%, 98%,
%.and 10 % CO2, 0.5%1tqQ . 5% or . 0,5%.and 2%
or 3993 oF B 158 PFRCETI G 6 CARBOSEY %{gog Bargsgedasalemeo Tl sghted
ChiPelld $PLAhERitRN Lad BY AR sFREhALRES, iffdz&f, 3R8B L on solid
artificial growth nmedium For regular maintenance

ag%_@ﬂfﬁ?ﬁses, the Chlorella sp. isolates can be kept in
I gy} d C‘fll‘ﬂ)%lfﬁrsﬁ.sofqms st 'a%e@&ﬁfth@in@érﬁﬁn m%‘fac@li&éﬁqu ()

significant atnmonia uptake, (11) an ability to assimilate large quantities of nutrients
selected from the group consisting of nitrogen, phosphorous, and inorganic carbon, and
(iit) an ability to accumulate large quantities of biomass (including, but not limited to

crude proteins, total lipids, total polysaccharides, and/or carotenoids selected from the
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continuous illumnation or a light/dark cycle of
noderate ranges of light intensities (10 to 40 mol
nl2 sA) and tenperatures (18C to 25C). The culture pH

vary frompH 6.5 to pH 9.5. No CQ2 enrlc
%é?ﬂﬂgﬁ%ﬂf or mai ntenance of Chlorella sp. Eﬁ/ﬂ&m%ﬂassw
In various non-limting exanples, the terrperature of
culture mediumin growth tanks is 5 preferably

mai nt ai ned at from about 10C to about 38C, in further
grenfoadhisiven of, lutbmt weemtiabont a8Gntion, dinetiil, 30&ampie, as livestock

vari o e gro di um useful for
ordaﬂ}latcﬁl:%?rﬁsn%ﬂ%@lné’% gfcé’ﬂ% r@ﬁ"‘l‘%@rﬁﬁr’ﬁsent i nventi on

CONMAY 1588 h¥as! BYPhRke ‘%111\9@@ oWamesms ik QIR sp. are

mediumis partl cularly useful when the Chlorella s

capeblgefogriofudionadedmaie dpratt i the mepioseeisise inyentignimderd > recited
co'ﬂﬁﬁoﬁ’sf Ahissd 9ot fe TRALLNL L8RPk adsglmlgt@ %rg@%mﬁe% of

remedi at1on procésses. |n one ‘embodi nent
nufyigitsEwadaes the §olhos\eng fier niregsn (mirptaor mpalﬁoiammonmgn)frﬁmnval
frdhft rIIIt ergltna e Wa e Qe“\/\@éree{t Ié)aFti pe Vﬁt e ngt'tro i ‘s nitrate or
i ndus et agf I

amiﬁdilﬁaspd:rdlouw’[t&:%ﬂlﬁ@f is regmteam latghdergmmmm@é aksiaflating large
sur fac vvater) r vvastéggases emtted from Bovver

AUGRTHEP 8t BYE eI f;czﬁﬁf’ R ES O%P%‘ﬁ%@ lang flug pafemyspons

of@fMe8s D Qisnd S0, YRt B&S bi albdl ehitire pethoRPYEu tRLAM Bme ldtegarded
this enbodi nent, the Chlorella sp. can be first

as@igh romewd retp As pradraro, dreairase ﬁ@akﬂum agegppindaresy

b ﬁm 9 e gas.
u%%?lg% ngf:}il% iy C§I68?2#/&§ sp. Ican be cul tivated
sol &y séaond h@eWa@t: pEsend mst@nrwewdmubaarpaﬂy pumglcalture,
corr}#)%gfng Ptho%P Ie i E&nd tfe & didt%g dhn(}r?lk} ds%gof tﬁﬁ eys%%pg%dcif o

and assi m
in&ftion. jAsSiIsed hdt@nohb &lhnl‘l‘giomlemeﬁmml’ meﬁnh&) emtsuithlsle Ped@m for

st ewat er - cont ai ni ng and rients are
cul%ﬁ 2801 theaURS R, B Yem AR o%lﬁﬁ‘a%gwg éBYeé‘?me SHHOYs
phbtowﬁeucﬂwrﬁcmanmn@ﬁ BphyOhaiReh aflofh@A tlafe nutrients. The

l'orel 'a sp. bionass. Typically, the wastewater is

Vohmﬁefzf erey th eedag €45y ke %aplumeévl@lﬁ@s Felavetiogoé thepigag for any

puﬂé‘@%@ rWheﬁl%l‘ staﬂtﬂl% }a%gratohp E[hﬁ%oi’i@ﬁ tlﬁgé’\&taﬁo cult R4 &1Efor use in,

tains additional nutrients, such at es,
foraxeinple, bmmd@hemémctpr()élwhn,amd/ior algzl bmmas)‘» prqdmtcdn Suitable

of t n e
AR ARG bR kb FefRi nbhRlas ol B S BG 1
gr@iuhfrneﬁim(seﬂ Lﬁbrregamp& R@gisau ng)ncdlhlﬁngldn@kf ﬁlltdﬁ& &between 10°
)\ , It nmay € possI e to use ess o t he
an?é% At uagd: imathrapbodupents, FONSHEEe Bge¥tvelld St BH‘Y\%J’ are
uséd)| RnfhdR HER: infeh §8LUTRMen 20 hencRFBY ito QHOMDEAN T I WED; in

can be i'ncreased. The maj or fact qQrg affecting
vanigusicanadiarentsebdirange may beil A pogbm g) t@ﬁ%mpllra spor 150

m%@gmv“tb 2§@L{‘ﬁg )2 hi ggkha NeBRSh i¥eardbl dibbh BStween 0% and 20

tenperature initi nutrient concentrations i
% Wekstie wati@rs; enﬁa))dllntﬁatssmmohumcanp@m wittbetvoen €S04 aidnl 0 %

LS; 6%}@ S erformance of a specific
0,
(g oi@g%% ({??CQFI T § A’s%@@?%?:cdénai nt enance protocol s.
For maintenance and storage purposes, Chlorella sp. isolates are usually
maintained in standard artificial growth medium. For regular maintenance purposes, the

Chlorella sp. isolates can be kept in liquid cultures or solid agar plates under either
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In a third aspect, the present invention provides an
al gal culture system conprising: 5(a)a
phot obi oreactor; and (b)the substantially pure

[ture of the second aspect of the i nventio
%@2??5@%? Her ei n, a "photobioreactor” is an Beriusz007iosasss
industrlal-scale culture vessel in which al gae grow,

and proliferate For use in this aspect of the
i nvention, any type of photobi oreactor can be used,
contitddus ilhgnitation o & lightiatledycleoofopelarat ey plight naensmes (10 to

shall o onds (wat Ve 0O cm hi
4%&?&%%@5 genaﬁra&vfé%fléf %07040(31 311%8‘&516“%@3 GraY | VAR, PH 6.5
to%%f erP@@gelﬁfchﬁ‘lehﬁ@Pe e dMdr %uﬁé}ﬁnéél-ﬂftdhgﬁeﬂla)ss)p molates In

I rcul ated by a paddl e-whe (Ri chnond
vagipesm-lgyising pgamplese thermnmﬁmrcﬁ aeltuwe gicdpmdn gfowth tanks 18

prbeABROR SRl M5 Qb AANBER ST WO Glhct Bt

beﬁh&umbmﬁzmgyﬁn&EMtnﬁﬁnd 1990 Tred|C| 2004), tubul ar

obloreac exa 15se
(7 588 pariiss BRbfinghts g ERR miymRE Rl ARk gt . of
th@?}%bﬁiﬁl) fibre@iondompif@8vasiBvalRiontlasd gadts. TR Qiwth aRdiubd igt
te-type photobloreactors such as those descri bed

partw Balbryetiuatibentbe (lordes) is upgdhip & VERate CEPRA{ion MEPCREux

al q)se ofl hf A Gl tnEhedm id f? $hnited Wﬂst@rréﬁlleﬁ'i&hﬁ{ prBéesses. In one
6 19984, Inthis third aspect, the present

emhwdemnt wherpwammg is y@ﬂécrrsremre Vermetisn.désy Gam nuiineh
C
oo RS T or e BT Qe VR e b L e

dobriestid Wa@@aﬁat@ncontanunate(ﬂ' gteunﬂvmtarané siyéiceeeter) he.veﬁsta@ses
cl osed phot obi oreactor is th

f 'W' h th," .
ongi o PP EE BPGEPS HABE A AT aF° B HiRsener Qe Bt missions from

foRNFLOFYH Rk pladisl 1€ it G¥bodancht thOTRBE/RSP.AH4E b Vikst Y .
In various enbodinents, the Ii ht path of a cl osed

cufated it bPERBY GO ¥R BPlRe mé‘filﬁb@P phvatigwajer and/or waste
ga% Htérﬁ?&v% rl’%:lérgall& 1ChATBE BliBvatRELWRER tﬂ@\gaséestream source.

|nete centlneters between 50
Whirl 4 pmtmualaafrsmawdt aG:lgnent isradtled ipto the dultyes medipmy it will be taken

orSSEMTROSCLRe K3y TS APl B il

wz@ﬁ:bﬁafmlco:itmgmg ap&tsjilkéd)ﬁutﬂergs are rerapvpt] kodddnoertad 1hﬂo

t t l.ud t
B s S HpraTRacinb P DS PeH 1o p BT e
buﬁﬁa%b I eehiHQ e WaStelvatcPB AR QP @RtsuitlhR Redh@hl bt Jﬂeﬁﬁfﬁﬁﬁf& This

t he presentf invention provides nethods for |i
wileroheitg wiRpliciofioi heatippteoratieBiP oS addiensl e%lents such as

phsﬁ{ﬂ?%g ahig ac% neerms QIS SroR ! Y Ch i O s ggrem%ﬂ ShRh of the

ring t orelfa sp. of the pres I nventi on,
Chidrellesm It bre: efihi:bOdure¢nt,af the w%@wgmbemg)merdwstameuﬁicwnt

I d
uffRhE L HREh G 2o PR RE bR B b iAo HistilR gown
mddivde LA 82 vdapvateBEE2ohids Mender (hd B1H02-e/id §9 teftreiSihe amount
SEQ I D NO 4 TS2- 899 1137 of ITS), SEQID NO 5
of @@@ggxgd@m can.bg ancrease

The major factors affecting wastewater feeding rate include: 1) Chlorella sp.

srowth rate, 2) light intensity, 4) culture temperature, 5) initial nutrient concentrations in
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SEQ ID NO 6 (rbeL-1160 bp) or conpl enents thereof,
under conditions suitable to 5 pronote al ga
proliferation, and isolating |ipids, renoving
n tr| from wast ewat er or waste gas, and/
‘@§12?0§ ?"iz?i“g al gal biomass. The nethods can be?@gfplslzoggo«ssssy
out alone, or carried out in any conbination. In one
enbodi ment, nethods for lipid isolation are carried
out, where the lipid isolated can be a single lipid
whsyqventerj Fjaheichecific upﬂake a6t oflcemaih ﬁdtnbm;/s b sdrsaniand paformance of

fat acid me hIor car ot enoi ds,
a%FEl “%?@&%F@i%VW ﬁ? ‘%Pi% 0g9ls oy hydrocarbons

or qg H’@Huft?&sb&ﬁ thbpreaai m@aum pRsvideRtakighl @iltde sybtBma

further enbodi nent, the nethods conprise culturing
COPHEISIR] or el | a sp. of the present invention under

coan}log h&gbﬁﬁgggrggg production of total lipid

cont'ent o | 'east 40 % of dry al gal cell wei ght; in

var i(bus elrmtmtﬁmﬂs punewelturep’éthe Iseqond aspseitad the iprgengion.

| east 41 420/ “ 3 40/

500605 M5, BObigfGHAor TR b L ELAl R yBIEFin which
al Qzﬁ@r(gahnd:pbhfem Ofiir use ﬂhsthllg sgﬂ:cﬂ‘tértlm inyeritibe, dhet mypemél I

ht" is the total i ght of the al cul t
phAfop Bt Sty use S it e ittt dp e ik i ghatiow
poitld {wkbiic® lovBBead | § ERB@S hidBP¥Rh cbxlfbemgeﬁ Brdsf 0600t 8060 hH3br

aspect of the invention can be used to select for
largeig gnstragipdiesesloom dy whiel thg caltye {sgtigplatad by @ reddeavheclof

B i
copfaipaes ih ehidhithd chilfusols atikaihy Qilti;lﬁll’fgplalmwﬂ aupiugpblisg (Lac i P%m
Cliauwlo?tclgelli %1{: nklcralr(l) Onl“regéis %(;(%4% éﬂé‘tﬂlb %ﬂbtgglf?e%%tagc&or example,

sed $ﬁh@h eddlvdlezsa‘)hPlst el hmss): @udieand Chduhiont 1883, Ghanipostesf al.
udlng b roduct.i on

i to bi of
19K i o B £ Oe w1 T Bt e Bt rebigre. eh & ekt
demrm@a)wmn afBeddly QP 839, IR #inos 8 0BRE4 el RABNQAIBIYENEdici ot al.

the neth OSCO rrse renovi ng nutrients froma 25
(19%s 1 ¥4 prchHp et:@nﬁi PPGilAYB G ﬂ%ﬁlﬁbﬂ{l REeel tha PreseTH AT vsnTioN
I [ t
P B R e S for SRS 6 Blelo8 o
nutmst Estowda(dwsanbedﬂ:etm\@edmgyhet Gido@in sp.aif itz 191@11‘[101& t he

pre n In.furth i.ment s,. hhe. »
Cur a0 s s P g e SRR s gy puts
whiEafteéd Mustbbile &@%ccﬁdfenﬂrﬁ)lﬁ);ﬂri%, pﬁﬁb@m&bﬁr efﬁﬁanqu giiﬂ l'blbm355
more of 't

¢cess_up to 95% or
prl R B b b T Bt Pk o8 ool aReA T it be

betwR¥E hSprBa bW Y IR EPRIda ddRithetk: Vl%tﬁee%eltoofng[hmeters and
i ndi vidual contam nants by the U S. Environnent al

30 pewgireaters.dretwese B0 yuill mpagrs a@@ FREHeteR, fhchpeseanpteatigeter and

t
15 SRS IRl o PR Pl Rl S 1620 ek 206 most
optiinglrlgghepati fre aggromrapphicfion vl depend,cin lepg in parh we dadtes including
bel 0 [ te-N L- it hi.n
S R e e R
gr ounglfattl faspedh) ehegpiBrehit isvetion paviddnaictiodd featipddsolamnd

purified Qy the nethods of the ntion d end on .
Waﬁtﬁ‘éfa‘ieﬂell}egiaﬂ% SR8 fSmsiatign: %ﬁ'{#’F E‘é’ﬁl"iﬁs R'8 1?98011 SRBWEH"S

culdBRhHRECEILZSI.Qp. JTIRS Abicar RRGIHRK, FNSEBMRIGRG Ik Ip SRABNe
cases, the groundwater may be splked with trace
anounts of phosphate (in a range of mcro- or
mlligrams per liter) or mcroel enents (such as Zn,
Fe, Mh, My) in order to enable the algae to
conpletely renove nitrate fromthe groundwater. 10In
anot her non-limting enbodi nent, wastewater cones
from Concentrated Ani mal Feedi ng Operations (CAFOs),
such as dairy farnms, which may contain high
concentrations of amoni a (hundreds to thousands of
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amoni a) and phosphate (tens to hundreds of

mlligrams per liter of phosphorous as phosphate).

Ful | -strengt h CAFO wast ewat er can be used as a

. growt h medi uni’ 15for sustaining rapj
‘@82@&%&2?4 sel ected al gal strains in photobi o?é'ggisz&o'g%ssw
as descri bed above. In sone cases the CAFO wast ewat er
can be diluted to a certain extent to accelerate

grom h and proliferation of the Chlorella sp. of the
cqrxtpe]Sﬂ‘ttne ionyrerd mefeic Asd squese bdlectainfimonile sangh cohasiphal 8EQ

SRR pandl fry SRt NFAEEncaht b PRALSHOFHEST s>

739@&1"@155@2 IDm@ar(HﬂsLsgwmh@fm)gsmmm S[ITS—827 bp), and
tion, no chemcals are required to be introduced

SEQ]U%I\@\@@?J&Sﬁé%P@rOTPWBIﬁWfS fﬁ"éd‘&é@ copdionsspitaplcto

prERTRRIA d@%ﬁf&ﬂgﬁpﬂﬁ%d né%{gﬁistl‘amgﬁﬁé nbB€ntY8m wRRwater or
st andar . I'n anot her e I nent wastewater 1S

wastp dasAntlior aktractineflbahhaaragss.t R methgdssombararied gi alone, or

caﬁ’?ﬁ P 1tnra%t IC(())TIi’]l mFtl(?n %51 rorgl?n gmb({mmgn%vﬁgt@)dfstfgr anl(E] ?soﬁa?n arf:

caafed oammlareathaﬁpid poba@ahah ds a siﬁgk lipid gpe lihdndigs, bof not Hmited
hese nut

25 res t invention c renoye t ients to .
to 3 iR ety agids et {BlonPollls SALFIOHISOFE TPl FIEisS A
and €D SNEYdRGcaldnk, Wir ebAbine@RCBEES AbUANRS td¥h] HpRBS B a further
nutrients and/ or weat her conditions. In case t he

enioginese tha rethelssioRFisu e ugng teildiarrXe gnpf fappeseng invention
una&taoﬁdﬂsnslsil le &9%&&@9 noéftgcgﬁ apg@gdgt@%ﬁ(ﬁéa %r% of dry algal

nitrates or phosphates) to e ratio
cehecehsan yariaus ﬁmhpdnmenh,etbetomlﬂlmdeqon‘smf is anteashél %, 42%, 43%,
r b this fourt
B R el A o T8 S oo it Ghgre g &
al@l vabidgigasis eRimeilef, dg “dil dell Weaight't i@&e@hiabwaghtaafm algal

e e e 550 S TE A B v,

méMdrs loBiHe Firdt rasﬁehﬁomﬁ@ 1R e1fRS ok Be hRARYRMbct fof algMbsolates that
enbodi ment, flue gas em ssions provide a carbon

pragyge & wigl |11ﬁ1dapor16=rlh%qt legsir A9 ofifialgab celloweigltp rhps those of skill
in e 98lwiR *B%BEX&‘ h&es%bﬁ n&Rd al ?B_]?EHHO%%BB &&g%a lipid et %k&&non

gases may froma i ncl udi'ng
tedhmqut btmbmnﬂbs@i ImCSud‘uu,geibut bmrlmmfgi tp dwenethddaniesribed below |
hot 0s et | G4 ch| ner 1 or eI
il B % pPOBRARY PP PG PR, bR lifiea o
bldf@&ﬂ yerductida (irttulingy lga Roidimiecrto bividessl), ﬁStefnghl!; Biop&lymers, and
bohydr ates, lipids, and proteins) stored in the
bl"(?@”ﬂs As a result, nolecul ar C2 entering into the

cul fHgmuiRy %E&&ﬂl‘eﬁtc 11 $R4h B M Bprie rerﬁm §ﬁiutﬁ&ﬂs from a
converted into aIgaI bi omass, and thus the gas

waplgyteoa e ep RIS AL iTRE B jals beirsinoin ajcyltate grridiunt egmpriping at
ieaEt%d/‘ﬁl %ﬁeét%a%tér,aﬁnde? Bditfbnd Q/hétgg/? ﬁlﬁg%g lnonﬂé wastestream are
removed by the Chlorella sp. of the present invention. In further embodiments, the
culture medium comprises 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%

")

wastewater. Through this process up to 95% or more of the nutrients can be removed
from the wastewater, resulting in nutrient levels below maximum contaminant levels set

for individual contaminants by the U.S. Environmeéntal Protection Agency (EPA). One
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In one enbodi nent, flue gases are delivered into a
phot obi oreact or as di scl osed above. One nethod
invol ves injection of the flue gas directly into the

POAIRALET o F1ue gas per 1 ter of oul tur ECYBesse

per m nute) vigorous photosynthetic CO2 fixation

whil e exerting m ninum negative effects 15 due to

| owering culture pH by dissolved NO and SO, and/or
nobdinidhgetamglcofimatlesadtesatatic groasdvvdm thee anay coethaltens or

u t er na Jvel the f s may be_bl ended
R S BB T oS e e A FBOVRS GEDYRE bbe
reﬁ@vearts $8166" 1®irhg fiitdteON TEYwiflADGR: dP4BYcehl Hafd, BepéRdiHEBD frdrial

1 volune) and delivered into the photobioreactor

nifeHe sRRGHLIENHOR Y e Senndyaiee fhe prowts ef aropmdwaten at ¢aarbe,

pufifibd Byt mé?ﬁodg 6?&1% GhusRReT dﬁ%ﬁf GTMETtid) €on 3kt RS Sfjmfﬁ‘?entq
reduce or 20 elimnate contamnant transfer fromt

to gammva@ endhthel Sﬂac ofpholetidrosstayfsysian veede élmnm@sea, thet h e

a8 furt
grOLH%wate W%e ?IT K v&% L e%cecaénr%u%ts ooﬁl%osﬁha nf ?%ran e of rmcro- or
mlggﬂﬁﬁsap@mtaﬂjmr rivierogefegnehtséaick ds #h tHe, PhoMY) ﬂalnﬂartb |emg)1e the
chem cal s such as NaOH to nmaintain an essentially

algee i ?%Plﬁﬁlymﬂ‘fwﬁatﬁéwﬁh? ZOMYIYEnf Ul NO and SO

C OO HAfkEer nBA-OrSef dﬂlboamlénu FwadRehafdt bERGETors OUh&aTattOr
al gal ganWt h. For exam)a a 25 commercially
Animal Fosfing Opgratiens (GHSEIS).cush welajridsmporhiclemay perdain high

coR ARG 5?3‘ Qﬁla Hlﬁltdﬁ:!a% bPthREANS o ul%ga%‘tw\éﬂ& Bter of nitro gen as

pretreat ed case o
anrpmcmaat) raeapfmplnaw (teisud ésndserds of snlﬁ!gtamslpm hfedoif nhoaghomue at

ewater firs h _an anaero estjon
prBSRAEERUR b L AT O DM BIBELERACS NITR Bl mectium
forngasthinfg riybie grovgh bl colevbddiagal st2dinsthh bh&teblmttemats descilibdd
to 90% with re ﬁ ground or s%@faewate
ab%’p i a(e el t‘@ogﬁﬁ%ﬁ TASCAIRE CR D ufg fQf eI prisat o

ac&PIRe b ad profférRh LAHE AWSAEIeS. 8f 118 prRer@$nvention. As a
phosphor ous and/or trace elenments) to bal ance the

resylis gnrapria @Whﬁtwnﬁ@mﬁw& ciry By smovad ABIEOng gF pavesst

[ rt her
dafs Rl DA ial b VTR Sicht OFMELC Blicps Incontriu B b
gravetweidssifuationpno dhmmn@s bllecmwslsd tr & iptroduicabthfo CAFO wastewater

in GG R it ol e Rhag 8Bt «Shnel e s PER'
staﬁdiemm tth anahfrlteﬁ]ﬂ?glér&itng aﬁsteﬁla&h 1s?1(g)tﬁgiﬂﬁﬁal mga)tﬂi‘axrmbruﬂﬁ may
cor(fgla @I“j‘a?g‘?eélfrf’?ﬁmé&no"sl)a”g? 55 er@a@ §P§%\eﬁﬂﬂfﬂ%@§ Peréﬁﬁg Bf

mtﬁ)%éﬁ’fnefﬁﬁhéj&" $edte ﬁﬁ@ﬁnﬁ]{)ﬂ%ﬁ@ﬁl& S 'PHH‘@hEFe'IlH Q]fo Qff the
| utei n, zeaxanthin, and ast axan hi n, %use ul

pressad ipyleationsean remerst these n@meatq@tabﬂpwmeeU eEBAa;déﬁnﬂ&fd%Wthm
Oné)&afyc(??g{)a Eé&mgn%@%g%ggemfg{hggﬁoco [ smgescr %rdweather
corrcbimmdnwasnhe mttt)ga:teuomoaﬁmtoluera@a iy dustgticfopes thewhtid & 15: 1

w0 G e Y pl S Pn D SR AR PRGBS
to febhot§ SeseiivoditnRoh thewgadwddromass produced fromthe

phot obi gr eact o sed _ as, feedst ock for biodiesel .
pr oAy &shemlv#%mft&? i fough afnsrty Big Tsting caraRse removing

nutiBSk He8S: wést@ésga&onq@fsﬁlg%hﬁ&ngem& CRG}HIRspObE B Brdbent

fatty acids will be used as ani mal feed or organic
fertilizer 15 addltlve I n anot her enbodi nent,
carotenoid-rich algal bionmass as a by-product of

wast e-streamtreatnment by atgal strains grown in the
phot obi oreactors descri bed above is used as an ani nal
feed additive or a natural source of high-val ue
carotenoi ds. Methods for al gal biomass production
and/or protein expression are well known in the art.
See, for exanple: Hu, Q (2004) Chapter 5: pp. 83-93
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20 M croalgal Culture, Blackwell Science Ltd, Oxford

OX2 CEL, UK; Hu, Q (2004) Chapter 12: Arthrospira
(Spirulina) platensis, pp. 264-272. In Ri chnmond A

d.) Handbook of M croal gal Cul ture, BI ack

‘&ﬁiz?a@&%‘uﬁ d, Oxford OX2 @gL UK, Hu, Q, mgpjrmszOO'f/oassss
(2000) App,!. Env. McrobiolL 66: 133-139; Hu Q, et

al . (1999) Acar yochloris marina. Biochim Bi ophys.

Acta, 1412: 250-261; Hu, Q, et al. (1998) Proc.
inNadttion ife aturn&tiim cokbpyisifd wadd gdsQurdsBadiditidus w@:r,ebyenuments

998) Acaryochloris ina..ln: Garab
in PSS e M0 R A SHE LA e g ERisgigps prp ide s barbon
sofité (ﬁ%orﬂﬁbﬁ%orﬁﬁ@g@@bﬁ Ca%f ﬁg&g &)ﬁoto@ﬂﬁél@ eid wastdButrient

Net her | ands; , et al. Fer ne
respmleﬂhﬁg@e%@ay b@@w mmwsogrce @Pluélmg bvtl@gsl;m’fewo fogsil

cr oh% 81%% i o?g ecﬁ%ﬂgﬁ 5. m %%egb n}a\%\%ggé%tflél@m,weé{a sp- of

: thaprese(nl g8eytioh cehoiioEhe mld @hw@lfg Biigp ofFanig @naBtcxm@gsﬂeA {such as

caé{)i‘%%rateﬁl 1%’}1%"‘88 pr-%\em? s&or&f} ce?lléﬁ :}fes%\gprg{(gle%ﬂ entermg
inf3i thé adfurodystdr dslosod Sbdvd & reiﬂUVed@nd cetivestbd mtolzﬂ@eﬁ)bmmass, and
Bi technot Bi oe 1. 51-60;. Hu, et .al.. (199
by G gCEasS FOTGEBPAGPHOIOr RO R O lieasta
5()éy;ﬂ,3§af1])n AppL PhycoL 8: 139-145; Gtelson, A, et al.
(1996) App' Env. M crobi oL 62: 1570-1573; Hu, Q and
Ri C Hﬁgweml;qdupqggy)e gapes i hiverepinty @Hh()tobloreactor as disclosed

ab?%% ;{ﬂ? )él%gb%%}lﬁ)\}\‘é{s 2 %!'f] T(t:het5 ?E{(ﬁﬂ‘%ﬁ% frto ‘Mﬁéhotl’)Moreactor ata

flavetabeethhtamitl spstan @O Il-Iltn 0 Qliteaofl 1R gdsmponigier o cultdr@ Qfdyume per
L nventl o

i) gl By O miop G e BT RE Py oG B
dup t®BueHNRE culRReHIR Y, disestes YOl MidS@huindoy eérta&l 1@Ric molecules

reagenis and net hods. The | orella sp h .
sugh abnbeaRsH SR AEEAGEE 16 W % (e 'biFFlg%dr with
cofrPHGdas £h eeh#S hib (ARHLRNo B&%f@‘és?{d HPraki6 MY Range from 0.1~0.6
nutrients from wast ewater and/or waste gases

vofumectp Jdiohgnd ged Agltverddrinto dlee photahepseas(vathepuhiig apsiian system.

I dy ' -
QA S BERe oo SRR L A B o o
elitrtveate atangeaht trhosferdkampicesas-phast embisrooklatiar of toxic compounds

. pro tio Jiqui d.bi of ue chem c
i BiatiiC e A sl § B0 WP hRaplp e Bl ou
frofffhe hoaevantape ma@fbetpi’@tréaagxeiﬂi pro&lﬁ(-jlbr’ﬁfgﬂﬂg dﬁerm’f:altks) heh as
present. i pvention over 15 conyenti ona ri
NaQH fogpainiagpnan gssentiplly pappl i pyd g Rale: ﬁq@ﬁf@?@wﬂ&ﬁ%
m&@%&r@m{t@ liscBl1 sURSL 210 IRFogeR Wurdds T8 1 8E Yokt LIRG Bxhifiple, a
form of renewabl e bi omass and fine chem cals, whereas’
commceaﬂyava@a,biq gascsibberrapbe insetperstadantp yhophoiehisireactor system
orv{d@%l?gag(l% et%ggg@llug béqifcatsg'gf I %&tﬂ%r gé&%ﬁ%@mcludes

tr| Icati on and PtTiticatio proces
buBa abelimiadd 18\l 3 trestsvaatcsoten Sushthryughenenatabid dpedion pogess o1

of slu uire 0 dIS osal . are
naidipl e A e B bR 2R ot
108 t@@ﬁ%bsﬂﬁl@fégﬁl@ﬁg@ﬁﬁcsomﬁ‘amhad gepehdihgen poree@Ritions of

i nyention are nore f ficient in ternB of Qﬁtrle
POTCRHERIIC SpPaPdras W&“FI%WS (Bl s Phsphagfapgppd/or trace

production side, the reagents and net hods of the )

present invention are nore efficient than

conventional |ipid crop production, producing up to

20 to 40 times nore feedstock per unit area of |and

per year. The reagents and 1B5 net hods of the present

i nvention can be applied in non-agricultura

envi ronnents, such as arid and sem -arid environnments

(i ncluding deserts). Thus, the present technol ogy

will not conpete with oil seeds (or other) plants for

limted agricultural |and. Exanples
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30 Materials and Met hods The Organi sm and grow h

condi tions: Starting algal cultures were

obtained froma water environnent in the Phoeni x

tro olitan area and maintained at 25C in B

Vg$ H Wi um (Ri ppka, 1979). Optical densi t%‘g/ﬁazopﬁgﬁssw

wei ght Measurenents: 5Algal cell population density

was neasured daily using a mcro-plate

spect rophot onet er (SPECTRA nmax 340 PC) and reported
elaSermsp tié b:ﬁifnod drﬁiutijenatoﬁgﬁ:@itbh forvwaaseminangitdinabldieutdent removal

n\fll\?% W?t mass was determned by filtration
) OWSSZETO ‘B ture through a pre-wei ghed What man

G/ G sk tiRF emBdt@mbtldr @tfis Wukth ad)BaT BB vEtibE, dnsaﬁodb @5C
overni.ght and cooled to the roomtenperature in

prefusingdbaTaRss aﬁ@rﬁm@@h eI e ek CFrlonel s %%%Pfesenf
r

gl R0, LR 0 LR ALY S RN, gt

bicfadsk pmgmelaéé fbiutus @t limiGHl tor opdeyprpictns (taigl llllyldS:(Sl@l B faﬁy acids),

totglp) 0l sacc&lan es g@/ ¥/cgmg'eno\éh§g1$%@ %{%é‘kﬁ: g%? r;?)%glstlg]%rb% h_tltgm

nm \Nave
zeatanﬂmﬁ ,yindreasxant®oh, aisefth @onmmleehﬁn@kthqk dr‘raqﬁmahre feed

me of nethan and. U.- vol ung. al
R A TR AR L B b s
préxsddl ACdds QbR TORBRANE & ol Sufiieals hi BE e@BCRIdl Rehik@nducing and
Bi gogno et al. (2002). Chlorella cell biomass (100 ng

acqunadatmgdighevluc oM Doy BsS4ch a5 fatfypacids gfappdenoydshat @é‘a‘it@&s Ina
|

fulfich BnbGlitBft, BEE U GaR pRRR AR ARGl BO R TR AN

feanistobk fomdprretiasel pseductiom @n a Tirthenpiefemed embediment: residueped algal

maéﬂﬁ%fx g%%’f)n \Réélgal a01 ?&gﬁ}ﬁ (1).% thas a% é?]‘éeglga rgam fef'thzer

adiak¢.gh aﬂ&hm&bb@mt, bﬂ@fcﬁdd\lﬂdhhl@l momtassrae atfy- Iﬁr@dmnd waste-
and et her 1 for. '

nu e EX] ti1on
SR BB L S B 0 JhOPD T He oy B wed
as BABYHareOd ad?:f"tlm%r @Rtk source of high-value carotenoids. Methods for
algal biomass production and/or protein expression are well known in the art. See, for
example: Hu, Q. (2004) Chapter 5: pp. 83-93. In Richmond A. (ed.) Handbook of
Microalgal Culture, Blackwell Science Ltd, Oxford OX2 0EL, UK; Hu, Q. (2004)
Chapter 12: Arthrospira (Spirulina) platensis, pp. 264-272. In Richmond A. (ed.)
Handbook of Microalgal Culture, Blackwell Science Ltd, Oxford OX2 0EL, UK; Hu, Q.
et al. (2000) Appl. Env. Microbiol. 66: 133-139; Hu, Q., et al. (1999) Acaryochloris
marina. Biochim. Biophys. Acta, 1412: 250-261; Hu, Q., et al. (1998) Proc. Natl. Acad.
Sci. US4, 95: 13319-13323; Hu, Q., et al. (1998) Acaryochloris marina. In: Garab G.
(ed.) Photosynthesis: Mechanisms and Effects, Vol. 1. 437-440, Kluwer Academic
Publishers, Dordrecht, The Netherlands; Hu, Q., et al. (1998) J. Ferment. Biotechnol. 85:
230-236; Hu, Q., et al. (1998) Eur. J. Phycol. 33: 165-171; Hu, Q., et al. (1998) Appl.
Microbiol. Biotechnol. 49: 655-662; Iwasaki, 1., et al. (1988) J. Photochem. Photobiol. B:
Biology 44: 184-190; Hu, Q., et al. (1997) Eur. J. Phycol. 32: 81-86; Richmond, A. and
Hu, Q. (1997} Appl. Biochem. Biotechnol. 63-65: 649-658; Hu, Q., et al. (1996)
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remained in the pellet. D ethyl ether, hexane and

wat er were added to the conbi ned supernatants, so as

to forma ratio of 1:1:1:1 (v/v/v/v). The m xture was
hand- shaken and then centrifuged at 3,500 rpm

‘H’?ﬁ‘t?ﬂé% e upper phase was col |l ected. The Fgw@pog'ﬁ%sssg
wat er phase was re-extracted twice wwth a m xture of

di et hyl ether:hexane (1:1, v/v). The organi c phases

wer e comnbi ned, and the solvents in the oil extract
Biortnol. dipdngt £ 1- 60;3H1i),\@dethy (bagislp Vi Figeoti 320 1066- A¥GEHu, Q. and

et e (spaFL Pl [ O LTRSSl UBPLAR Y

MRPSINIZEH 18Y0-985; SR QMBHIGUERRIHY, AG@)%@fmeMaﬁmsr}e@éd)

t ransmet hy lation with sul phuric acid in methanol
Pf(oawtéf%ﬁozd@g‘)t to Bigarkegg, t\iﬂl ¥ QO%MQHSWW%@%HHG
#M.:ss o
P an?ﬂrh%\ﬁg §:/1§P Eeblag/lhgﬁHg %1182191%%%{2@&0 mat ogr %pPMOI 6:
39(1+a@w ett-Packard) equipped with HP7673 injector, a
flame-ioni zatlo ector. .and a
capil greﬁe% oxrv&ngon( aﬁgreﬁ?s fgﬁg)fﬁl_ef%g'poiglaon Contliﬁumygﬂ%%oducmg
reﬁhvslaﬁlte@:ﬁ):rgywugh%ovghlgxﬁ rda@mﬁamphﬁha{msﬂndm]:ldfﬁeﬂtd sp.fof he
split-less i e et ect or
PY?SEW&EY%?FB? %ﬁé‘séd ‘é?éﬁ? b@é@@%ﬁa and/or rapidly

ref&ENRAG Y EHYm wWABEdwhBLarVR Rvak R HRRS ?bﬂh@m@@ﬁt 1% aaiaTEd
from 170C to 220C i ncreasi ng at m nute. Hi

gh

wastemiatey and pave elingRee 805e5) avdbepnyert ﬂﬁ‘@ igtgrve Uéradé%doﬂompounds
t | f

stdF G, M Bk B0 T b iy oS AR BE, £ xhie ap foocstocks for

prafuaneteefd s u{dShigivel) and an dnevelremicpliaand fisedds btymabﬁwpda of mganic

e eaka as Wit of t e sta
tori B RSP ER s o et Her O A Pl S MR priefl R ion over
colvratiens bedteritelsaseddyisRals atk tait 1ahel;amﬂy rdnfoviyBaRien®ficzONa
(latitude N 33.35030, 20 | ongjtude 111 65837) fr ¥n
WaSICWRIST POYALiREASRIA RSP THSFE ﬂ%?&h% form piyeptwab efnaSé.aP@ me

- ch&hi@hls, WiRstR bﬁ(ﬁéhe%ﬁfté iff ST @bientiMySANRBES nltite and/or

wast ewat er sanple was collected fromno fewer than
anmmneaem&:tb@ glanopplient breueh pirifiepsiop apdk dopitrificgten progesses.

PBAIRLES R9 ) MSEHE G R i D Rl b
dlspaml memparadas nmmstad:t&dozlrﬂlaad sytethscihn blgaarbabed reagents

o R e s e i BerPE ey BpEh it romaxe and
bidt&is Production. From the energy production side, the reagents and methods of the
present invention are more efficient than conventional lipid crop production, producing
up to 20 to 40 times more feedstock per unit area of land per year. The reagents and
methods of the present invention can be applied in non-agricultural environments, such as
arid and semi-arid environments (including deserts). Thus, the present technology will

not compete with oilseeds (or other) plants for limited agricultural land.

Examples
Materials and Methods
The Organism and growth conditions:

12
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wast ewat er was centrifuged to renove particles and
native species of algae at 5,000 rpm The clear brown
dai ry wastewater was coll ected for assigned

nts. The wastewater was diluted to 259
‘&ﬁg %qg%’f (1:3 dairy wastewater to dei oni zeg‘{%%“rﬂi’?“ssg
50% wastewater (1:1 wastewater to dei onized water),
75% wast ewat er (3:1 wastewater to 30 dei oni zed

wat er), and 100% wastewat er (undiluted wastewater) to
nmeetStatéing elgsl cekpes ivernibadinaddaisa wEbep emviirpamta|in msﬂhgenix

e ST R R R R L

pl aced down the center of the colunn to prOV|de

aeration was 5 used to grow the alga. The top of the
Optigal dansifpanddy ameétit MaerirgmentSher st opper surrounded

by 'ﬁ%a%kn PB%Jléﬂoﬂgieﬁélﬁ%a@ Lﬁﬁ@aﬁﬁ}b& ddi Rixf g\aqﬁtm plate

cont am nat among col umms. Unl ess ot herw se st at ed,
Spactwhwtgmeter @P@&%m@x of0 PeGmdgepdrighas ppicehdansify 660 nm

' wagfe 'Hé The dlaxl wa goglaf%%nf%ﬁsﬁssﬁ Aol u{l&{ ?%ﬂ&r%n #6h90-20 ml

hrou experi
cuk%@ﬁroﬁg(tpepﬂerma’ig&,d Whgmpin GFeC ﬁm:ﬁ Thegltaerith dh@was deiel at

1 OSEE YR A l%tlffé]g %P‘ﬂf“é 1o tll’flg %}ﬁ}eteﬁpggraﬁgé i%?arcgflrgrga%rl a?g arelghed

di sti I | ed water for inoculation. Each treatnent was
run in triplicate. Deionized water was added daily to
Chiyoplll massurane$hpensat e f or vvater | oss due to

eV a Q\P A oh @ oF Qb th&hsd W ) ¥%§%R%Sm%on&gtrmon was

ture suspensi on was coO from 15 the
cak‘pulamsmgltﬂlwﬁélmgmfﬁmmwged at 3,500 rpmfor 10

m nut es. at ieLsy ' [l vials
and frozen ?:llil?o gl%fgé (?n%h‘gze fg%?fiﬁt ri é'?‘f %’Eal ysis.
Wﬂd‘te I}§Iﬂ6|5 %tdg‘)tmfrdenﬁ@-]ﬁaa&ﬁedh aiedh5i Inﬁt ﬂa@hé@tgtﬂ, Dexi's (gl&to@ﬁcal
faor dr measu car i oxi
AR AR TNES SGORG BEE Giedin L BT PrBAPEIo! Ggeind U -

volfitdd 6F o [ﬁlsﬁéﬁi@ﬁ (). BG 11 growt h nedi um ei t her
bubbl e air enriched with 1% CO2, or air

enriched with 15% CO2. DNA extraction, anplification,
Lif%3eMR0C1 ng:

The lipid extraction procedure was modified according to Bigogno et al. (2002).
Chlorella cell biomass (100 mg freeze-dried) was added to a small glass vial sealed with
Teflon screw cap and was extracted with methanol containing 10% DMSO, by warming
to 40°C for 1 hour with magnetic stirring. The mixture was centrifuged at 3,500 rpm for
ten minutes. The resulting supernatant was removed to another clean vial and the pellet
was re-extracted with a mixture of hexane and ether (1:1, v/v) for 30 minutes. The
Extraction procedure was repeated several times until negligible amounts of chlorophylls
remained in the pellet. Diethyl ether, hexane and water were added to the combined
supernatants, so as to form a ratio of 1:1:1:1 (v/v/v/v). The mixture was hand-shaken and
then centrifuged at 3,500 rpm for 5 minutes. The upper phase was collected. The lower
water phase was re-extracted twice with a mixture of diethyl ether:hexane (1:1, v/v). The

organic phases were combined, and the solvents in the o1l extract were completely

13



10

15

20

25

30

Fifty (50) m of cell culture was collected and
centrifuged (3000 rpmx 5 mnutes) 25 and then

hom)geni zed into powder in liquid nitrogen. Genomc

DNA was extracted and purified with Nucl eoSpj

WO 20T RAMEREY- NAGEL Me.). The ri bosomal Fﬁ?’@h@f’%"ﬁ”w
transcri bed spacer (ITS) (SEQ ID NO 1) and the |l arge
subunit of the Rubisco (rbalL) gene (SEQ I D NO : 2)

were used as the nolecular markers for Chlorella

refpe&d Bshubbiiy With aAdoengas BER theaeighosfsheemiminal ddrabt was
gl GoTaqg Green Master M x (Pronmega), 30 200ng

COpgANt ate DNA and 0.5 pM primers (see Tablel) and H20O
ina final volume of 25 R1L . PCR cycles for
anplification of the region ITS were as follows: 1

Fefyyoiced gfabgeC, 5 min, 35 cycles of 94C 30s, 50C 30s,

72C F]aﬁg]a&dg’%érlg ans Qequz £ clgf)mz&gggﬂygd@)rbftmp cﬁﬁ:cP 31/ cles

for iC a I on
tranymlaihylaﬁorgmﬂ;l sBphuirie, ac@5n oyethaes (Gﬁmﬁwd(ﬁﬁ$ The 5@y308]

72C 10 t
ol s o B g oGl o0l bl Dufflsfe CPSafif st °
anﬂ{y@&ﬂ?t SHPERS0) %?.@h&dradtﬁ%r@ﬁyf(ﬂeWER%cka‘id)Te@?@chf@itb an
nvitro en asm as ex ac
m%pr@matw%ﬁe@z%wwﬁ@géi’wﬁsﬁ&%ﬁ@%*&é‘z&%wﬁaw i
19%@@!“1/35390% QigPIsERmKL §.28 LY tho@sIL.- ofﬁﬁesaﬁ k%ﬁmé&&ﬁna

were Used for sequencing. Tab Pri ners
splisless hprticnpbdd Fbainldanddcttcha tempbratiyes Wetﬂheﬁhat@ﬁ 810 and

27@@1 e %ﬁ%ﬁ%”ce (R rf,té Id-vrff%lg%f\%awed from 170°C to 220°C

indrofieR)t TTURGUECEREN PADT nltoRe £d9 WOusd askielcarrier gas. FAMEs
We?é' i«:&eﬁf\ T%@MM& E'QE[Shose of the uthenJuc
standards (Sigma), and were quantified by comparing their peak areas with that of the
internal standard (C17:0). '

Collection of dairy wastewater:

Dairy wastewater was collected at a dairy in Mesa, Arizona (latitude N 33.35030,
longitude W 111.65837) from a shallow wastewater pond consisting of piped dairy stall
waste and overland runoff. A composite wastewater sample was collected from no fewer
than three access points along the bank of a shallow wastewater pond. Wastewater was
stored in a plastic container (5 gallons or larger) at 4°C. |

Wastewater, in raw form, was brownish-red colored and contaimed undigested
grains, grasses, soil and other unidentified solids. Before use for experiments, the dairy
wastewater was centrifuged to remove particles and native species of algae at 5,000 rpm.
The clear brown dairy wastewater was collected for assigned experiments. The
wastewater was diluted to 25% wastewater (1:3 dairy wastewater to deionized water),
50% wastewater (1:1 wastewater to deionized water), 75% wastewater (3:1 wastewater to
deionized water), and 100% wastewater (undiluted wastewater) to meet various

experimental needs.
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I D NO 10) 10 Phyl ogenetic anal ysi s nethods: DNA

sequences were aligned with Clustal W1.83 and

verified manual Iy with Seaview. Phylogenetic trees

were reconstructed with nei ghbor-joining (NJ

“é‘i’é@?“fﬂ% as inplenmented in Mega 3. The Ki w}grmsmomassss;

2-paraneter nodel was applied to cal culate the

15substitution rate for reconstructing the

phyl ogenetic trees. Results and Di scussion: |solation

and nor phol ogi cal description of Chlorella sp.

The, starting algal culture was collected froma
ExpepmertabBeg8™pond in city of Tenpe 20 (Arizona) and

al g 30Eel aép@&tyﬂ@a@ cb BB 162N Sn WAl RarSAEIYr e 30¥n)

standard agar atldecg) | ndi vi dual green col onies

wifles élaﬁslféhﬂlﬁyéﬁé plapecdedpwirihe ceniss of thgisekmgy tp proyideairatiop was

AP0 0P I BTG o e

sufrootdep hp lapasly- ﬁtﬂ@ @Amn@ml fou wcelsrevm eordRBINRTEdoWES kb jmns.

U oPieriar & LR ER et ST IR R G a 1 e

s ﬁﬂrc@ﬂtpeéssemnf AN, TR lw%freaagwph&ﬁb 280 bdtinh BOthfoubBoud the

doubllng ti mes per day under our culture conditions
expgigent. BG-11 growt h nmedium 25C, at light intensity

of %zpe 9%210 has@% HREY @i %Qrv\%t%chanh &M&Q@%& 1RhiBve the

subj ect acid content analysis al gal
cubftre aadsmp mtxessssmgdehi igte afsataﬂlymhmnmb fcswmhetrdt dlﬁtdw water for
nd 03 S PR Bl R R OLh L ol o e
cofumn tb @bmpanme ﬂbmiterghss(m td@zap@aﬁ@m rations, a range

o B B e Hanl O S e ShCllatrom

thd éi)@ﬁﬁn'l fAiBthndTeRriGite@aed 5@ @ﬁh fol 86 86RO Dhe supernatant was
r phol ogi cal features, and was subjected to further

poalﬁénrgi@, pmall Epksapd forenanp -Q hdaiserder BIiwH gl Rhepdlets
W&%&r@é enﬁ%cpgllrbcﬁlktﬂ eﬁ(yy&éa }W %xehlle% enderived from

I on nt|o asthe
ability to grow at a high CO2 concentration (i.e.,

t a growh rate simlar to that at
H’ig ‘{f@%&@ﬁff@o 1|ed to algal cultures (Fig. 1).
Thi § oﬁmz {reatﬁﬂentl ﬁpﬁ&ﬂémﬁ kigal cello weRadrowy i B@!1I1ygrowth medium
rlnglnflue tted.from fossi
eﬂ%a pblgd i ir E ﬁ‘p]r/e E&’ét‘?"\?ﬂrt%‘?ﬂﬁtfedt"ﬁa* Jéﬁ»gﬁa | a
culture grown at 15% CO2 was 420 + 50 ngl4 20

d| , simlar to or slightly higher than 350 + 40 ny
DNA extrachionamidificitienmend sequesgngr omn at 1% CO2 (Fi g.

2) . Fifty (50) ml of cell culture was collected and centrifuged (3000 rpm x 5 minutes)
and then homogenized into powder in liquid nitrogen. Genomic' DNA was extracted and
purified with NucleoSpin Plant kit (MACHEREY-NAGEL Inc.). The ribosomal DNA
internal transcribed spacer (ITS) (SEQ ID NO:1) and the large subunit of the Rubisco
(rbcl) gene (SEQ ID NO:2) were used as the molecular markers for Chlorella species
identification. PCR reactions contained 12.5ul GoTaq Green Master Mix (Promega),
200ng template DNA and 0.5 uM primers (sce Tablel) and H,0 in a final volume of 25
ul. PCR cycles for amplification of the region ITS were as follows: 1 cycle of 94°C, 5
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Ef fect of CO2 concentration on cellular lipid content
and |ipid production There was |little effect of CO2
concentrations on cellular lipid (fatty aci d) content
Zéor Ii i d production. As used herein, "content”

Waryd % cellular Iipid content at a point PHTW?W@'HOGSS”
lipid "production rate" or lipid "productivity" or
"yield" refers to amount of |ipid produced per unit
cul ture volume or reactor illum nated surface area

m@;@BS tyches of d43Q) 3@, 5@ 80se¥1 & bmin MWsand Colyde ef TR S min. PCR

ures re mint ed in.the gl as I )
CYB 66 o 4 wrlilicption ‘?r}égf%"‘trﬁ a3 fpligpsy %@%36%3@1&; Yegycles of -
940¢ Jour B °€@0QIml°en%nmt3b§a&ﬁi tytk%f 7§@C|10@ﬂuﬁ mo aﬂtctwf%
40.5+4 % of dr t-'i) 119 Li kew se,
exgRnghen lisxge wawectw E?) f¥GIy p@duaéwai@@tnnetigno tnhepéil%‘t

R R T e
clowsw@httheRirdnnk ng:lkdwstmtahhimbﬂep M@V@O@@cﬂwrﬂwﬁlﬂi&{

has the ability to thrive in wastewater
mﬁ%%%e%?egﬁe@ fg %?ﬂ%engmgsuch as nutrient-contam nat ed
groundwat er, agriculture runoff, and an| mal feeding

T%Eéinf JW R R e AL c%»ntoﬁﬁid% tihre PGS iy <

for sustalni ng al gal qrowth an reo(rod ction. Fig. 4
shows g¥fdm h of Chlorella sp. maintained in various

10 conc ions o [ LeBoe 25%
50% %j% 100% &Zggﬁﬁgﬁﬁg@@iﬁﬁé{%ﬁéﬂ a sp.
cells were i nocul at®th:1)nt o 100% dai ry wast ewater,
little lgrowth occurred for the first six _days

Ther eaf PBKR) cni or el TACRETCEHGGT Hgh SR mg} apl dI y
and reached a nmaxi numcell density of 4.2+0.

after five nore days of cultivation. Wen dalry
wastevvaftbeL was diluted from100%to 75% or then to

pecame SHUTTer - Howbia A FARACAdRARETapder @

wast ewat er to 25% r €HQ HeNO:9H a decline in the

maxi mu I nsi t . e r 11

gr om h%ﬁ?hﬁr&sdai r?@%@eﬁm@ﬁ%

growt h reducti on. AgmNg) 1he various dilutions, 50%

wast ewat.er...l.ed —Alghest. volunetric bionmass

producti vi ty The vvast evvater concent rations either

r n 50%resulted in reduction in

P’%%ggn'%ggmmggp%g%’ggg 5). Effect of wastewater

c o N seaerans warel alignel witnClistal Wnid83 arpli \sbﬁﬁed)d!auueﬂlg rwith

Sty A BRERBU o &5 PR VS PR URE (ThBRorbm as

imPle@bRSd il MegLl. MR IEAlra B pariBasthinedt] was splict t&@t@ﬂ@me
In 25% 25 wastewater. As the wastewater concentration

subsfitign sateifor seognsgustie the Phyogenetetress) | ul ar | i pi d
content decreased gradually (Fig. 6). Like the trend
observed in volunetric biomass productivity, 50%

Resadtseared Briscussiori:ned t he hi ghest oil productivity and
adllutlon rate h| her (e? éDV\W or | ower

ISO(‘E“’@‘ andyeyp befpgic el isseripHae o Qé{fﬂ"‘fl #Pt n decline in

i pf[‘ﬁ’.e R0y aloh It Whs cbllected from a public water pond in city of Tempe

(Arizona) and algal isolates were isolated from the water sample by standard agar plating.
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30 Fatty acid conposition of Chlorella sp. WO
2007/ 134294PCT/ US2007/ 068889 Table 2 shows the
fatty acid conposition of Chlorella sp. grown in
BG 11 growth nedium Cl16 and Cl18 are the ngj
V%\%?O&yl%a%si sting of nore than 96% of the tot gﬁ’i@{owﬂﬁsssg
acids in the cell. 5Table 2. Fatty acid profile of
Chlorella sp. Cl6:2 and Cl18:4 were tentatively
identified; TFA content (% = (TFAkell dry weight) x
Indi®fd¥al drésntoplondss Garddhbotraskered finto (<3 tobestvathederdwatdpycontaining
1035 881 G rdims Chilred woere i hingd  20-25°C with a light intensity
of 20—40 umol photons m~ s, Cultures were examined weekly for growth by microscopy

and spectrophotometry. Those mono-algal strains that exhibited rapid growth and

_ reproduction {any isolates that exhibited 1 to 3 doubling times per day under our culture

conditions (e.g., BG-11 growth medium, 25°C, at Iight intensity of 170 pmol m?s’, and
aeration with 1~2% CQ2) were subjected to fatty acid content analysis. Only algal strains
processing high fatty acid content (any isolates that possess a total fatty acid content of
40% or greater) were subjected to further selection for tolerance to high CO;
concentrations, a range of temperatures and/or various wastewaters. One of algal strains
derived from. this selection process was identified as a Chlorella sp. based upon

morphological features, and was subjected to further analysis.

Effect of CO;z concentration on growth and biomass productivity

The Chiorella sp. derived from the selection methods of the inventton has the
ability to grow at a high CQO; concentration (i.e., 15% CO- or more) at a growth rate
similar to that at 1% CO, commonly applied to algal cultures (Fig. 1). This CO; level is
equivalent to that typically occurring in flue gases emitted from fossil fuel power plants.
Biomass productivity of the Chlorella sp. culture grown at 15% CO; was 420 + 50 mg It
dt, similar to or slightly higher than 350 1 40 mg It & obtained from cultures grown at

1% CO; (Fig. 2).

Effect of CO; concentration on cellular lipid content and lipid production

There was little effect of CO, concentrations on cellular lipid (fatty acid) content
or lipid production. As used herein, “content” refers to cellular lipid content at a point in
time; lipid “production rate” or lipid “productivity” or “yield” refers to amount of lipid
produced per unit culture volume or reactor illuminated surface area per time (day) of
Chlorella sp. When Chiorella sp. cultures were maintained in the glass column
bioreactors supplied with 1% or 15% CO, under given culture conditions, the cellular
lipid content was 40.5+4 % of dry weight (Fig. 3a). Likewise, the volumetﬁé production
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Cl6:1 1.9 Cl16:2 - C18:0 1.5 C18:1 42.7 Cl18:2n-6 6.7
C18:3n-3 C18:3n-6 - Cl18:4n-6 -

WO 2007/134294 PCT/US2007/068889

of lipid was about 150 + 12 mg "' d”' when Chlorella sp. cultures were provided with
either level of CO, (Fig. 3b).

Effect of wastewater concentration on growth and biomass productivity

The Chlorella sp. has the ability to thrive in wastewater from various sources,
such as nutrient-contaminated groundwater, agriculture runoff, and animal feeding
operation wastewater. No additional nutrient chemicals were added to the culture,
suggesting that the dairy wastewater contained nutrients necessary for sustaining algal
growth and reproduction. Fig. 4 shows growth of Chlorella sp. maintained in various
concentrations of dairy wastewater (i.e., 25%, 50%, 75%, and 100% wastewater). When
Chlorella sp. cells were inoculated into 100% dairy wastewater, hitle growth occurred for
the first six days. Thereafter, Chlorella sp. cells began growing rapidly and reached a
maximum cell density of 4.2:+0.3 g I'' after five more days of cultivation. When dairy
wastewater was diluted from 100% to 75% or then to 50%, the lag phase of the Chlorella
sp. culture became shorter. However, further dilution of wastewater to 25% resulted in a
decline in the maximum cell density. However, compared to BG-11 growth medium,
dairy wastewater did cause minor growth reduction. Among the various dilutions, 50%
wastewater led to the highest volumetric biomass productivity. The wastewater

concentrations either lower or higher than 50% resulted in reduction in biomass yield

(Fig. 5).

Effect of wastewater concentration on lipid content and lipid production

The concentration of dairy wastewater affected not only growth but also cellular
lipid content. The highest lipid content was measured in cultures grown in 25%
wastewater. As the wastewater concentration increased to 50% and to 75%, the cellular
lipid content decreased gradually (Fig. 6). Like the trend observed in volumetric biomass
productivity, 50% wastewater sustained the highest oil productivity and a dilution rate
higher (e.g., 75% DWW) or lower (e.g., 25% DWW) than that resulted in decline in lipid
production (Fig. 7).

Fatty acid composition of Chlorella sp.
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C16:0 24.3

C16:1 1.9

Cl6:2 -

C18:0 1.5
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C18:3n-3 -

C18:3n-6 -
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C20:0 -

C20:1 -

TFA (% dry weight) 41.3

DNA markers for ideniification of Chlorella sp. -

A 1249-bp ITS segment was amplified from Chlorella sp. (SEQ 1D NO:1), which
consists of 37 end of 188 rDNA (1-501) (SEQ ID NO:11), ITS1 (502-739) (SEQ ID
NO:3), 5.85 rDNA (740-898) (SEQ ID NO:12), ITS2 (899-1137) (SEQ ID NO:4) and
5’end of 28S rDNA (1138-1249) (SEQ ID NO:13). No identical nucleotide sequence was
found by a BLAST searching in the National Center for Biotechnology Information
(NCBI) databases. The phylogenetic relationships of 22 Chlorophyta taxa were inferred
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1. An isolated Chlorella sp. conposition, wherein the
isolated Chlorella sp. genone conprises a nucleic
aci-d sequence of SEQID NGO I, or conplenent thereof.
52. A substantially pure culture, conprising: (a) a
growt h nmedium and (b) the isolated Chlorella sp.
corrposition of claim 1. 3. An algal culture
stem conprising: (a)a photobioreactor; and
We£ IBj t he substantially pure culture of claim 2.

4. 1A ffei;emsblit@d ChioR18: spS@nfPokifibn, vaHREH th%h&ﬂlaté‘dJChMFéll&%p.
aChIoreI wherei n t he Chlor el a sp.

ZeNQIBMHPRMEISSS ﬁmiﬁ!@F asid sepupnres iR 83 NGt SE@HPH:B@IR@ Eef%ﬂf
conpl enent thereof wherein the culturing is done
under condition swta&gg for rollferatl on of the
ChFor el Assubgantially gurg,ep t‘?oﬁ}j’ I8t d from t he
Chlorel @ spa bﬁ&hﬁ,emaﬁlh@difor renmoving nutrients

S Wa@'pe. e Bl SRS 1L 2

nusJ ei cAaaigl asmredsemotoi@ingd NO 1, or conpl enent
t her eof V\/nereq é‘f}? t.he gﬁgjl t ud(;l ng i s done under

COﬂdItI@ASS liferation of the
ChI orel (9 spthe sna:sdmmldlmmmcnlhme ofiditiond. ng is carried

veitr evat e E P SRR Ry Pt P hioRd . wperen

- the @ﬁm«zﬂw&p @enanecongprizeednipjeit had @i:qucnczsl df SEQID NO:, or 6.
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onpri st ng cu urlng ereln
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seguenc
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Chiogalla sph IVéwfem thp Carela s g@wmﬁ comgises# wickdi¢ acid pequenss @f
SEQUBRIG!L br cbipfeifichthbrbr, bR he @ity it Bord e d8hitions

m conp Pics] ng waste gas, under. condjtions whereby
suitabigtfer Iyﬁhﬁ-;ratlnn pﬁ@e\ﬂ%féqréll@ &%, Aflvhezsin the gulsyring s carried out'in a
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protei n and/ or blOﬂHSS conponent s fromthe cul tured

Chlorell a sp.
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8. A nethod for producing bi omass, conpri sing
culturing a Chlorella sp., wherein the Chlorella sp.
genone conprises a nucleic acid sequence of SEQ ID
NG.1, or conpl enent thereof, wherein the culturing is
carried out under conditions suitable for
proliferation of the Chlorella sp., and harvesting

wasf%lv?@ ] e%é% éb dit %ﬁ%@i‘eﬂ}' Iﬁ%ﬁ% 1111 %WWE& Em80Rd §iathe

Chlorella sp.
6. A method for removing nutrients from waste gas, comprising culturing a

Chlorella sp., wherein the Chlorella sp. genome comprises a nucleic acid sequence of

SEQ ID NO: 1, or complement thereof, wherein the culturing is done under conditions
suitable for proliferation of the Chlorella sp., and wherein the culturing is carried out in a
cultl.{re medium comprising waste gas, under conditions whereby nutrients in the waste
gas are removed by the Chlorella sp.

7. The method of any one of claims 4-6, further comprising harvestmg algal
protein and/or biomass components from the cultured Chlorella sp.

8. A method for producing biomass, comprising culturing a Chlorella sp.,
wherein the Chlorella sp. genome comprises a nucleic acid sequence of SEQ ID NO:l, or
complement thereof, wherein the culturing is carried out under conditions suitable for
proliferation of the Chlorella sp., and harvesting algal protein and/or biomass
components from the cultured Chlorella sp.
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