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Discovery of bacteria with the capability of rapid growth and high productivity 45
rates at relatively high fermentation process temperatures would be distinctly advanta-
geous. High temperature growth operation means less heat to be removed, less cooling

45



45 Di scovery of bacteria with the capability of rapid growh and
hi gh productivity 45 rates at relatively high fernentati on process
t enper-at ur es woul d-be-di-stinctl V. advant a- geous. H gh t enper at ure growt h

operation neans |ess heat to be removed, |ess cooling 1,546,691 2
apar at us 4Rvol ved, and ultimately relatlvely smal | er anDunts of heat "needed
for’ stern zation, coagul ation, and separation processes. Danger of

cont am on with ot her m crobes is al so greatly reduced. Thernophlllc or

t her not ol*gr ant bacteri al are needed ommerci al i zation of. the si ngl e
cel | protermprocess—5— +he @i-t—umem‘inn is baseédion the2 . -
di scovery of" tmpammsymmmedpuadhlﬂwmpheﬁtﬂvﬂy SRAk) Sfioddfs POKchhdedha 1ok Vi ST O
Prot ophyta, cl as§'s"h’!3€?¥r : mpmraf eontafoinatidn\wiBavthed | acede,

genus Baci | | us, "_‘ jores Qplg C&éﬁetﬂmfﬁh‘@pmpesre ﬂﬁde%e ‘uni que
t her rophi ki C: specrlmsp' ReaiidnGE baddd o A
convent i onal t éprsicy of bactgia, dwlsmn Protophﬁﬂ%]ehﬁstr tequﬂeﬁ%*eﬁaes i
t her mophi | i‘c, . g0 ks ‘l‘gn}lgﬂﬁb ra@ljwslul, Dml@e?“es.Mesernnqwgenat ecL
hydr ocar bon - fe" "FekS P”‘?ﬁ’?:ymf‘am?‘ $fuEes (3P &t copysationgltempesap| y .-

met hanol 10r et ha: (liese ko UnREREHEESs e WernddpBil |gﬂ,wqy ' speci-es
either are rel Miféﬂ?epﬂtﬂ n mhdvn fe@stooks; psnn@ QH&M@ hﬂ@?m{l&% 8
Ut G B Beciliuy @Mﬂe@d«tamck These

uni que SpECIESof - Dk - i Eg" %9 t72 and -
lmE IR bika@Ti4 N habd | beeh! epodittd ikl epoiétory
eS¢ ) egun : ' lm r&bmaerw

Nor t her n Reglo- al bk ’: t : 1%&‘*3@& strain
desi gna- tions va;n ekt €3 aner ﬂgle 1 11 us
strains @Pe hi ghlhaplerpinglgicell mmmmﬁmm%@-%@h&ﬁm bR ergpures,

produci ng desi r:%g) inis bZ’énce These ke ﬂqsalbthemmméﬁmwﬁcggwmaduct $with

a high protein PR o Romf i,
uni que hi gh temspmtyuelo" ek BRfkbiv CRanoE AN Broddheie:
single céfl pr  praehet o erﬁubsmtdliy rmthamﬂ»cbnmhﬁigl sngmme.qnmﬂﬁrﬁi"'

grown on a car %ﬁgﬁf@‘e&;_

preferably a | OWweCulakCREob NRIRSS )
present | y pr e- mifobe of narfowrmdaéhapeﬂ

met hanol 3¢ ont affrhs e Furtf
hi gh tenperat U by

speci es, égram
appear an shasnsimlsipd
30 Cul ture No. ...;V.; ,_—, s
m cr obe' of f'- Qe'us'
observed jn the c@lW_,__”_@erﬂndlmm
process fbr cu g rabulationy

m crobial. cell's be onglhg'to tmn neMIspeC|es of n1cro~ organlsns S
directed toward aerobic culturlng iacar nedlunlcontalnlng oxygenat ed
hydr ocar bon as carbon and energy source, rel ativel y elevated:-

fermentation tenpera-.-tures, resultlng in rapld pr opagat i gn’’of” the cells. _
The new y .i sol at ed " novel and ‘uni que mi.cr.oorgani sns .can-be characterized by

40 properties as ‘shown in the followng tabulatlon al-ong: mnth
properties of several knomn 40 Bacylus cul tures. 1, 546 691
3 [err] 4 . - ... 1,546,691 . '

4 +=vi si bl.e eV| dence of growth as- determ ned by lncrease |n

"-_;bl dity of
the AT




Startig mxture. -=not grow ng; no visible evidence of growth. =maintaining
itself; but no visible evidence of additioal gromh. 5 NG=di d not
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can be added either increnentally or continuously as desired or convent.
| nstrunent ati on should be nmaintained to neasure cell density, pH, dissolved
oxy-_gen content, alcohal or other feedstock concentrati-on—inthe—

fernenter, tenperature, feed rates of input and output streanms. It is

preferred that material fed to the fernenter 45 be sterilized prior to
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obt ai ned. O course, -wat:ch:must -De-r

avoi d foamout of ghe {e&

cause sone | osscagfbe-_
avoi ded, if at all Theombm
detrimentdP to g

t enper atures, aj :
rate, . cut produgﬁcml 9‘049 e
growth and i s disfipreferred. of pertorapny

system of i gh di 'é‘cﬁ“’bggl s Tﬁf
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of achi evi ng thef#lh
cel | den5|7csy

require. The pr gp-

bei ng nost ef f i ive of &1 ized - _
Foam fi |l e%? ope Toidid: df Right BérIRIEhE Boi hétgi st mmnaldﬂrgédw carrying. .
out fermentati oab:aﬁdacmesﬁel sate ohlieg qu S Sipd ’%_,;3“1&*"9 to be: -

rvi -'ndnrﬂmi'afexhnm&ﬂby there '-rllsike@ s to

reaction a%) ng
aloli thheﬁues'_ oot ,Wn f',_ ﬁ.' ’ 10 -One

fermentati IS d
control, unifor laarbop anﬁadrgaﬁ"
presently pref etiough 3 sk
37 of Procgss Bm :
i ntroduc- 1'Ng acd '_&iﬂ:@)ﬁ)&gﬁﬁwﬂbmm
conveni ent. poi nt, [stedmentationtshauid pe S
m xi ng devi ce sEfCONE 31&%‘ 916 1 rekarec ﬂm ind0dris

can be advgot aggDlskiibed Bir QY Gitrolid tor’tge fek "’teﬂtWMBJﬁ"elomenafb&hyﬁro-alr | 4% O
the content's of cirbeh aB®E is irhuaenﬂ _bbfoffsenlmst etberopam&lsseﬂ G
withits" conteanbM»l f‘P'W‘é@ “E'Bt‘% _.lte Rathd gthabls,
density enul si o fie T 2 h bt ' ' |

achi eved. Agot hefhk (b behes
fermenter which i sTBé)ty‘%egof ferdwarﬁﬂpb!bdlm g,

Proceedings Eig % il
(1971) publishe ' syhaﬂd&rme En@il-and Still
ye fer nﬁfnt er

anot her typsg fer

. Fill Yy, anot herfoam _ ! ‘
25 equi pped wit ’ g 1
fernmenter ofy thlcsndnyﬁe:hemaimnedlmghtiuﬁ:

foamfill ed ferrenslawirgae,rpprod Bl -2 108 i:, A5
an antifoam agergsg‘jm‘%hc“gﬁ % I e "QKQ-' Sméntia Idedigned |
I nvention. 30 urrac ntiroam agents and et hods of appl y| ng the

sane are vve_II known in the - "30




fermentation art, though such nethods of operation are nuch | ess preferred.
Both the cellular and extracellular products of culturing the novel

Baci | | us species on the substrates accordi ng-to-thisinvention can be .
recovered by conventional means~ The cells can be sepgrated fromthe :
fermenter effluent by centrifugation or filtration. 35 The cell-free
effluent can then be treated w th acetone or a-tower al cohol sugh,3

met hanol or ethanol to precipitate any, polynerl c material prod
extracel.} ul arIy <Fhe eel I -free effllmlal so can be treated by
éxtrc ) S Vi repw - waAY, " C) T .OULLLIC
produtssucE"a‘é" intain fe producs IR 10 e o o
cul turing prRSekich ey

or chem cal famaSr anmltnemresemaﬁ whizh @roglucer

0 .yent
v zcel | ul ar

[ l'élukbgm .}"k.g : ‘.. ';’
suhiah@ fqmpamﬂm on of the

cel s %0 friomhe @ .'m@méim Theba tFI’I al {:el |s.are a val diabl e
sour ce- of pr " 12500 e Bt SErald on the cells
can be’treat HaC : ik @ Hativh aloD y agenal f eed

pur poses sucdreas roé&b

fol | owitthg exmﬁgs” “B‘%;F“&I "‘61‘“?" e
45 anmpunts o m Tt | R A e

hydr ocar bon- @@ atnible&ilﬂg»x @&Sntelmlvagsedt ﬁy&u{vﬁhxdaemhﬁered as
illustrati vealﬂgndxthiothedaftltubﬂandngab@ dey WW&?WUG@ rison.

EXAVPLE | 5o°fthemmsd=‘" 15
m croor gani sﬁm %m% iy The United

St at es Departr@ngh@ﬁseaﬁgﬁtlombdwerriﬂa i T 'eseah Léboratorles

Peoria, Il1i noi 4nothen
Washi ndt on,  fieeibedrigetbe, a T8 (it kit -ond| 20on. The
cul tdres wer |navar|etyo alfferent.

nmedi a. The resusdl femmite:tthasmbemﬂmdés simmecydefaﬂml bel ow. The

uItur%es enphy am@%mﬁgm«m eu‘:rythél:;‘li

Ekp05| iq mdasmgdmm 10254
Baci | lus ste TEIPIVTY 15a§ent2,983,652 . Cgﬁ%gﬁw%am 1us

eustavey, andEbeut tmsfer i The
ot ] Par t it@ul ar

E‘

st ear ot her moph ¢ a foam-filled fermentation mode Nk m iO8iay be necessary o - Baci | lus
coagul ans usqananufoam agentmcarrymg outthcferméiBEﬂm Bfﬂ:cmsmnt invention. 60
Baci | | ¥5 coa§uitble ~and methods of FMH&B&QW well knowy mﬁEnl f 0B s
NRRL B1001 *Seigaisies ot Ao p: ekl MY rovet Bhoihld SedilS -
’1(3) 2(b)ont:hesu_ rdi invention cahl ¥8)recovered bip-toliventional means, -t
o +The cells- can beé separated from-thebfermenter effluentNiRlebntiiiga 6h or filtration. : +
+ 35 4 The cellfree eﬁmt can then be treated with acetoxy oK hol such as 5 4
+ + methanol or precxpmm material : ularly. +
' The cell-free extraction and/or base ion
+ + to recover if desiredRbther ulﬁ'T uatQ asplgments, vitamins, orforganic
- acidg roduced durmg oridrobjal\cefly usiddly apebkilledcby et hanol (c)

NB (1/% stre%@e‘il’@?ﬁ*l “P@u@t ﬁ%&ﬂg’fﬁ%g o1 depate f-%fﬁ%nol &) 1w

medi um+0. 5% A aehts. For Tuman fralr Me IS a
conventi onal mmldicta'.iﬂe:oiifmﬂ,l bt fbroaningd) fe3d @ﬁ:bos&fsuhe&éanﬂent dees tnottisppead g/ | Of

pepton‘g Me uIS_ t he rTEdl um. as des ri bed hEI‘EII’l: bfqr except for
t he absence ALY -jg_“n '?‘ itk oy, \Wou not
grow even onst&wt ﬂah,.e cohsiersll/ 4% aﬂigot.% fixt 1p[esence of.

nmet hanol  ( Meigbyiwayd¥ compagisoough: ‘the other culturés vvoul d grow in the presence
of 20,4, rret nol theéé | deng | & Emabl S to utilize methanol cas the
sol e source —H%B" S PImp e Besul t% are in
dramatic ConRJsa&h lt.dBo ratbies,(Peo4id, dilihdds, it Thé Ameridari MyOCilltukeCéllogtioni Ni que

Bacillus s eéT@@ Washingtym @.C.iThete oesste@ivectihllwp iligpd .
P tures were tested for growth at 55°C. in.a vatiety of different media. The results

55 of thwe tests are shown in Table I below “The cultures employed were as follows: 55
Species .. .- .:,_"'_ - Depos:t No. '
Bacillus subtilis . - . - ATCC!10774
~ Bacillus stearothennophhs -JATGC 12987
- _ " Bacillus stmthewmophihs B " 'NRRL BI102
60 " Bacillus -coogulans” "ot o NRRLBHIO3  +. . - 60
o ._:Baallmcoagulans o % NRRL B1168 :

" Bacillus hchemfmm ... ... NRRLBIOOI .



-tion, since the unique Bacillus species were able. to efficiently utilize
nmet hanol as their sole carbon and energy source. 25

EXAMPLE I : : 25 A continuous
fermentation run was cairried out according to the process of this )

i nventi gimiwThe i noculum for the run was 500 ml of an aqueous di spersion of.
cells ofy @ulture No. 72, NRRL .B-8066, which had been: grown for 24 hours

on the bi/um BHMw th 1.5% by volune  nethanol: 30 .. _ ‘
Medi um o : ;=sqs-p9 30 Component & o
Amount KdferrlPQerc] e e } Kle..y#Fe1e||J — ’8_<y() ~
g/1 MmSqerr].7Herr]O 0. 4 gmBnEGaG [err] .28 ert] O }: 0.04
o/l (NH[err])[err]Sqerr] "'2 - Gybith Fr erce IJITMMN°§O|U'[I 10

m /1 *The trace . rGuitereNo. solutlonhmas coﬁﬁosed 3? the ?ollomnﬁg naterlaIS'
Conponent NRRL B1001 - Armunt+o 11 *g/ : 40 -
Znsq err]$ 7H20. NRRL BUGY . o oF g/ M O[err]+ H[errIo 002

o/l H[err]SC{err] EgB m 4l .45 +The |neculunrdescr|bed

above was added . i1NRRL nter equipped wi'th stlrrlng Co 45 and
aeration neans anATCGQIZ§. there|n+tmo liTers of"the " nedlun1nade with tap

wat er desgribed bedy@gtrient Broth (NB). -~ -~ EM 12" Medi um Corrponent

Anpunt 50 Oﬂﬁm+f¥'"__n‘“__:P"rr]85%),-;z . 2 0 m

50 KO @%ﬁg%dh ey 13 fhethd ;SC[err] 7H[err]O . 15 g
Cadl [err]. 2H[err]<€2)mmum+o pmetmall S0 E 55
Trace M neral Solutlon* e S 2 | R o - 5

was fornul ated &5 GLVslie ; Te¥: \
Sol uti on ComponiEiits . gmw 7 Gn pitrient broth A4TTY ¥ capty grows

0.06 g Ki of methanol (Mediunr 2). Akthoagly thy®tlig o

Fedl [ er 1] 26H er mptanol they evidenty were soeli, i :ﬁmm *2.;:::::::':;?5:;:& %

VNSO err] . H er fGmeE o e e wnidoe Baoilus dpectis blaisped nhluiresess b this fmfer ] O

0.20 g ZnSJ err fijon sirde eeluhl “:““”*"“ S We  tqyetipgie .m=_-+¢,:+,,v~

0.02 g 10 swlecarbonandeneﬂgysmm’e Hlerr].S¢ err]. (conc Yoo e 253

m DistilRed vvater e TO. I 1 Shrdihk & e IphRGQOLE ®BNt ent ™ was
initially 1.5% ‘4r‘“ Q X7 )] Y wﬁﬁiﬁmm&mt -
55[err]C. Sti rrc{ggm_rggenp R -eamtvﬂimsm&vhsnstowam%hmw% i ai r 15

was i ntroduced BH-MbdthﬂS% bmvpbmsmgé#nolm nut e.’.. Amoni um hydr oxi: de was added A

con- 15 tinuously to keep the. pH. |M‘Qemq_qwge of . about - 6.::7=6::9 ; -and ei”pso
to provid@a source of- nitrogen. Af:ter good- ke of ‘the inocul um was
observed, a continuous add *-) “0f the nutri enyonpdi um: ‘havi ng 5% by vol une
met hanol was started and ag: espondi.ng. 20" . 3.0 gal ume of fer menter
ef fl uent was W|thdravvn Th"'_ ch,ete for the Mltsllent mxture 20 35

35 e ._Cacla-.zli,o L M4.g1 R __

C(NH).SO: ' 2- g/l
E - Trace mmeral sohmon* 10wl
*The trace mmeral soluuon was composed of the followmg matenals
7 Reso,.7THO .. .. ollgl- 40
40 U ZaSOLTHO . 003gA
' CuSO,.5H.0 002 g/l
MnSO, . H,O R 0y
. e :'H2504 (COT.IC) e S / . o Tl [ 45
biove was., added toa fermenter equlpped wnh sumng
o md};“;:,,:,?“" m"ms mm; mwme 7 lites of the medium made with tap water
described below:. . pppyy Medium 0T L
. MgS0,.7HO 15§ |
| | . CaClL, ;ZH,0 02'g .
55 " Tracé Mineral Solution*® 100 mi .. ’
. - ‘. -Distilled Water ‘fo_mﬁz .

*Thls trace mmeral solunon was formxlated as given in the | recxpe shown below:



varied fromabout 150 to 800 m /hour during the course of the run of about
500 hours. The average retention time for cells in the fernmenter varied
fromabout 2.4 to 5 hours. The fermenter ef

time so as to recover sonme of the cells, which were dried,imeighed, and
subjected to protein analysis. The effluent 25 sanpl es were proge
to recover only-.cells, i.e., solubles were not analyzed. Cel con- ° /
centration values ranged from about 12 g/l (dry cells) early in‘thg
hours) ,9to 18 g/l:"at 190 -hours and aﬁbwﬂ124 g/I near the end of t
thhanorfconver5|on to recover S. 44%)0f that charged. The
protein content for asdj m;?gge lng the course of this run
has been presented here| v n the drscus 30 - "desci bi ng product
recovery.. E -Sab’ é&ﬁ? 30 The
resul't§ above show that. EK& nHuDI Bacrllus ; es NRRL B- 8066 of this in-
vention could -be readil o ~cont-i nuo at- 55[err]C wi-t h et hanol
as the source of energy '_; Furt her : the ceIIs of thls speci es
have been shown to be hi o,n protein contengoz 5 -

EXAVPUE 11 | ... H,SO, (conc.) 3 anﬂ. 35 Another cont“puous
fermenter run was. carri eDislled Wf ng t he cul t RRL. - B- 8066 of Exanple |
In this run the fernenter was inocul ated wit’ -m of an aqueous -

di sper si on of . {hemébinbioftenttias fi 1bﬁwvg§mmmaﬁaﬂpwn | M2 medi um

pl us 1. 5% byures whsugbputri5tQaStivting #G of the contents was at about 1000 rpm, and mr : | MR-
‘Medi urt® was introduced at about 2 liters per minute. Ammonium hydroxi 15

‘Anount KH[e@‘{:&?wmp}“’mm@ﬁ”&tm_‘”fnﬁﬂ@? r’]% err] 3.0
g/l MJSO4 - d»&&gmmhofthemnculmwa@oﬂsm&i,lacs‘a&n{ue&dd}nowimer]O

0.04 Na @htrient . mdumhavmg 5% by volume metlind] wag/ : ewcc}t)e{mnksqeréd

2.0 g/ 0 *Tr&?} .‘ Wlthd““i”"@.'l@‘ §'°t ral sl ution
was conpose bﬁ.“gg ey MmehtEvak t2'4“,aqueous

'sol ution: ;‘htﬁumnefeigrx;mmem;c;tmmlgd&mmmwmr%&mwm 50
Trace M ner Serlls; twi @pighed, an ected to protein anglysin. err

SH er ras san'ttgm:l were mﬁ%ﬂ@s’e €os :g}?sl)ﬂespwerexgte analyz(;gho ;:on-o 08] 65

FeC [err]. Gﬁn lr:r&)houmaxﬂaboutﬂg/lneabmd the run, Methano! com 55

MhS H ble cells was 449 of tha H ofjcells 2H O
e et S L s R o

30
2002 Tﬁg lmﬁm sl sbove $MHL%JJ§QHQ§;%%&%E ﬁ-sossget&zr&f he tyge arsﬂ

des- cri bedof énergy andioqoios. Furtherfios, fhercelhrofdxis speutetaavnd:dmtshmvﬂ fotker s of the sane
medi um FM Bigh injpreteinjcomienti n t he fernmentation run of -Exanple |l except that
only 53 per Jhter of , the abovmmneral sal dded Y0 t he

.medium 5 Yo iniciny tEﬁﬂf‘?g@‘j\ﬁﬁiémted to about
1.5% v/ v, p%m&%& iz 'ﬁﬁrﬁ%ﬁa&%\m&wt 53[err] C.
During the plus E§%tbpyolimoeimethanalt i rri ng and air volunes were increased slowy
up to &0 rpmand 2 liters per M2 MRdinieeSpect i vey. Anmoni um-hydr awi de was
added as descri bed i N Excdipoient | 0 keep t Renog@il i N t he range of about
7.0-7.2,  and as well to guwo,de a source of 2@ tgr/pgen 0. . After
good grovvth of the. mocuKﬂlevas eStabl i shed 3c9urs/lng the fi. rst 24 hours, the
10 condsi nuous additi on , Tient nedi ing' 7. 5% by vol ung '
met hanol and-0.05 g/l - err] O was staylt pand . a ‘corfespondi ng vol une
of fermenter effluent: vvamm;,sdn,dravm The f eexb rgile for the nutrient nmedi um
mixture was about 200 t o*Prge miserahenlntioniur i ng &hemldburse of the run of about

94 hours. Averﬂﬁﬁ‘e&ﬂﬁﬂ&h@&u&dn%sk&mdmefdmmmfmmhm

50 aqueous lunon . 50
* p TmceMxncraASolutmn : e '
CuSO,.5HO - 006¢g _
55 KI ce 7 0088 :
e - MnSO. H,O - .- 030g . :
- NaMoD,.2H,0' . .. . 020g
) Za80,.7HO0 - - . - %‘3%: :
60 L .'_!'H",_so:.(_m_ ST 3 ml 60



15 the fermenter varied fromabout 3 to 5 hours. The fernenter

effluent was sanpled fromtinme to tinme to recover and dry the cells which

wer e—wei-ghed—Fhe—efHuvent—sanples—were—processed to recover only the

cells, i.e., solubles were not analyzed. Cell concentrations after 24 hours

ranged frcn\17 to 26 g/l (dry cells). Methanol conver- sion to recoverable’
vag ajout 43% of that charged. 20 . The above results

g'Jagain a good yied of mi crobi.al cells fromthe. 20 novel
gies can be obt ai ned by usl_-"_.thanol as the sol.e sour cemof
ener gy and—ee . : - Fr—te+ . o '

conti nuous fermntmwammmsmamewWM%S 2%

A fernenter was ccib@dn&awhdl- 1
fermenter 25 the dexments per ﬁ‘é?,fj'?%ed in
p@tﬁg abowBs char ged

Exanple |1k, but 1 Ry ﬂﬁt@ﬂ?’z
@ebaigr own f-or
1. 5% by vol une gt ticity
] ?fnéﬂx’ uhify he

hh‘hmhi%lliylvolumermthammmom de’
was added to keedtgfb
rpm and 0.5 Ilteheﬁaﬁmm iHe@ ThofSdd 'Hhe&nﬁﬁfeteﬂudaiwabﬁuﬁed? houss.
addi ti-onal ly 1 ggsl

'A | o f :n ] ‘ p y
with 500 m" of m,mewmp&ataremeawum%fnﬁngtmm Ao Hdisis).
ﬂg{%?!“elﬂ 1T with®
I=¥ay ially .
1.5% (Vv/Vv)io pH i NiAfRs )
b1 H, Q) yrse stanied nd & yolipg H sour ce
Waisekaliiofe: v omaVue iy oy 1b
After about 11 rfmgmtheuﬁsm reoovecmdt#muhmﬂa Fltmwﬁghmiuffh?eﬁuenhedl uny-

11 hours on the hnes flwgdﬁk
v 5@ he SREHTobtE, GBS 10
mai nt ai nd at abo
of nitrogen. Sti 7 f to 400
tslté
FM 12 made wi t h SERies g oy “’i"'g?u Ygﬁ@gﬁg
=y s -g,,g 4526%%%%;%@ ﬁ%e and a. small anount

of antifoam agent V!EhSadeaI‘reﬂxs SgaiiD 4l ig6odt ribrobials ceflp fodbithel Dy 201 O-
vi di ng addition bfr b@m@)bﬂm a%:@ne@mom picemergh t he -
feed. This adj usﬂ"dqmt"%ﬁte e ‘H“%"Fﬂeﬁﬂ'f”ate to Some extent ‘Oxygen uptake
by the cells. These. uni:gue:40 - 'ngear t 0:-have a rel ativty high
Mi++ -requirenent, &&mﬂ&kifmﬁ%ﬁfo@m;ﬁ"condm%laﬂmr@gmmcmsme of the
101.5 hour 25 un, Al fetnented wosDeL samie Frepe it previotslyatesrivad Theesy e ad¥ed
but ‘none seened, WO ANexS 9L rHf HMghe CyGT : Do i,

period. The effI SN : : ;
cells, dry, and ; rub e A _ s e
300 m / hr at 28 m@lpeﬁmhﬁteadaﬂuﬁveﬁwmpéﬂwdoa&boM7

hours. The3? esi ¢entinuous _Mﬁeﬂoﬁ : '_ : gadf :
during the |ast @ZO0THOHL | ¢
10 g/liter (dry vaddls sditiomal

was about 50% Othqipemddab
No. 47 NRRL43- 806 _

on net hanol as Bﬂ"ﬁ ' 2 ﬁﬁ%’g
f er ment atlon termea;aﬁddr@su, -. : ' afmzshours with oxygen at an EXAMPLE
\Y incirBsingwate of O@umoelhmsavnmque. The sikring cut wes ofrespdad- novel
Baci | 'us sfi&ci e%“&l%mﬂ?sﬂ.g pftt0-390 ram shuringythis; perigd Qﬂ‘esﬁu%wwmﬂ%e cide

hdiiis/tm’ at ‘95

protein val ue v AR Calh
anal ysis) of thessolulze aCH hors. tb}l(l)g)hﬁld = dlebyt?&dla %
dried cells to dangedfira s dusing: comenlmlensamm acids 60
by gas chré?rato_ Proue o b \5Y 8?@1 ﬁ‘ emﬁaeﬂtwﬁvsmaw WW- ‘§ e 015(gi

about 55 to: 60../0¢ -5

bacterial cellsa- yiadeﬂmambiardll robvh. ofi: methmnisltﬁeﬁsolesw@' Fe No. 72
NRRL B-8066 is sbetlrdwvelyhxsl!.@memnontemwmm e s

1, 546, 691 ' 11 Esse_ntlal Am no Aci d
g/100 g drf%ed cell sﬂmcmge NE ein cont Bailu 55_
4.68 1ysine  of abouc 70 w 85% by weight. The el btned by mutiyios |

met hi oni ne ﬂwwexghtpth(K;'emahlI_” "')ofthednedcells by ‘the factor 6.25. Subjec-

_ "by e - .thé'__ysxsstepfollowedbty an';allm of'ﬂ:f: agmmsasclds i
60 . gaschromatogra shows Protein content to beé in .ringe of & to 60
R + 70% by weight, Anamnoho:ddism’buuonforonesampled cells-prepared e
aeeordmgmth:smvennonusmg(:duneNo 72NRRLB-806619shownbe€ow' )




0""05 threonr ne 2.93

cystine L L
phd&nyl al ani ne ' ... 2.72 tyrosi ne ] Z.w'
108 - tryptophan ’ 0.79

1 11 = 5.25 I\jggg,gﬁent ial Amno Acid 1n

o/ ¥ et—cetts—atam e 5—83—a'5'gr'm-rr€
2.493 15 E‘-‘m“““‘ag’a%m#c acid  8/100gdried cells 6. 38

15 gl yci ne _ 3.76 glutam c: ac P2

9. 95 histidine i;;,hc”km 1.18 proline és

2.37 20 5 - metlfirinee 1.38 ' 1.96

20 {Total | ; B cystine 65, 04 Total EssentP83 Ami no Acids
30.168 It can be noted that thmﬁg{ of sulfur-con ni ng am no aci ds,
e.q., cystine and nethionine, tresineel atively | ow o¢t, sone sanpl es of

celfl s froml®he above Bacil |l us t®ptophan ~ speci es have so.mvn no cystine per #P0
g of dried cells. This situati"®¥ei s not unusual 25 ## single cell protein
SCP processes and can benggisihsite nply addi ' anount s of

synt hetic cystine or nethioni Llé}m.mﬁgmfeed ratléoyﬂ [ oeJ‘luﬁg such SCP. WHAT
WE CLAIMIS: - 1. A process f production of sizgd e cell protein,

whi ch conprises aerobically 3@spartic acidul t uring a m cr@iﬁr gani sm of the genms
Baci|lus in an aqueous nutrie ydedi um con- 30 tai a wat er-sol ubl e
oxygenat ed hydrocarbon provi digaddige SOUr ce of assim |l : | e carbon, a source
of assimlable nitrogen, and gediBe ot her inorgani c amgB7organic growth

fa;;t brs as Ay be necessaary t he growth of the .§%roorgani sm and 20

recorerl ng the single cell g%ﬁs&{ I ture ggquor wherein the
m crporganismused is a 35 acl I Tus specr es deposited as NRRL B8065 or

NRRL: B8066. It can be noted that the contendf SulfufcobiaRfi@S SnifkC SctisOé. £ 0cybtiheGndi M 1,
wher €i n the m cr omethienne iy relanclyl lows Bufaaf sognet rcﬁtodlséromthelawvcangbw45[ erg]

to 66C. 3. ® proc |P&ﬂﬁ°2s S i oy isin
t he E)ange 50 to 6ﬂ§‘:§gfs ﬂﬂﬁgﬁh -@!‘f .f..'f:' ms 1

to 3{ wherein said oxygenat ed ydro- 40 carbon conprises an al cohol ,

ket ohe, ester et herWHzAEJ'WEef h tgf up to 10 car bon at oms,  of a

m xture of & PrgEss S 'G“ s - hher e

t he- exygena %1 xmcrooa sm bf : X E agueo ) ar by 56'
al cohol . 45 carbon,& Rugdé dcsﬁml agmmmﬂhal cohol

contains from 1 tfcters u-.h
to el ai m 4, ,nher e} )

gmﬁordl ng
dGHhd Soecid 5 Wdre ofys
the fol | owi %g pr opag] ) §PéuRBRY aflh Ol |

2- hept anol , rrettegmbentuqeenﬂxam 45pem65860| c aci d 2 rret hyI but anoi ¢ aci d,

2-pén- 50 tantgr&z%mw@ erfarmz,zwm?riemmeﬂm@wéﬁor

2- net hyl - 1- pt opandl dEk N RaR0k .

acetic aci dQ(5 pr opafh Go ;anf t‘é’éﬁ%&;—, eage;mtagh deﬁ?gﬁie gnpmamodubmbut ana?
enonigtugeek oovest

2- net hyl pr opanal , atbyes; propanor o acr d, pentanoic acid,

glutaric acid, hexamy Sing e Hemdb RbriB it ted RlspeabEromPESS Ci d,
hefit anoi ¢ agj d, 4"nePte a% RBES, M&I&ﬂ&ﬁbl%nﬁh@fr&%'lhwnm Cqs
acid, 55 gI yaﬁmmmseetr gI ycoI pr opyl ene gl ycoI 2 pr opanone,

2- ut anone, di et hgl 7et4=1@F°°°$ ?0 OXGEY

di 4n- propyl etherg &pr Toraiyo ol ng to

cl g m4, wheein ﬁan, ﬁﬂolCQmutaﬁHl,l ae&:uyrat- 50
et §anol . 9. A pr oweby-2aguepancl edeuctah@,promed f@ha!dﬂ!ude,v\her ein
thg concentra- 60“°°tald°h@"r b ‘é?%ﬁ Bfture
medi um i s mai nt ai %5%:@ °ﬁnﬁni’> mc  exenoic md’

55 glycenne, ethylene glycol, propylene glycol, 2-propanone, Z-butanone, dnet:g S 55
methyl ethyl ether, dimethyl ether, di-n-propyl ether or n-propyl isopropyl

_ 8. A process according to claim 4, wherein said oxygenated hydrocarbon com-

! prises methanol or ethanol.

; 9Apmcesaccordmgtoanyoneoftheprecedmgdmms,wheremtheconcenm—

4 60 tion of the oxygenated hydrocarbon in the culture medium is maintained in the range 60

3 0.0 to 5 vol. per cent.




11 1, 546, 691

11 Essential Am no Acid g/ 100 g dried cells |eucine

5.52 isol euci ne 4.68 |ysine 5.36 5

met hi oni ne 1.38 _ 5 cystine

0. 05 threonine _ 2. 93 phenyl al ani ne

2.72 tyrosine , - 2.00 10 :j ;)
~trypt ophan “ = 079 10

val i ngy. - ' < = 5$, _ essenti-al Amno Acid

/kQQ‘gdrrEu TetHs—atani-re £§5$Bp 583 arginine -

2.93 15 CEe setlmllAmlﬂoAcldaspart i ¢ ag]ld()gdnedcens e 6. 38

15 glycine __: .. lewcine 3.76 glutassg acid =~ - 9. 95

hi sti_di ne B i 1,18 proline 468. o 2. 37.

20 5 :~ff- IR ngmhgﬁglne i 336 L. 1.96

20 ;Tbtal : o ystine = ' 65. 04 Totaloﬁ%sentlal Arino Aci és

30.68 It can be noted t REppniene cont ent | of sul 298 - cont-ai ni ng anino aci ds,

e.g., cystine and methi QREAE, TS relatlvely I% » | n fact, sore sanples of

ceIIéOfron1the above B-ﬁ“ e 25 ‘speci esg: e shown no - cystlne per 100

g of dried cells. ThIS wliteyat i on i s not unus 25 in single cellf protein

SCP processes and

: d by sinplyy adding suitable amunts of
synt hetic cyst| ne or rre E'BJH a&‘sto the fe& Xoorﬁ dritdsalisenpl oyi ng such SCP. WHAT

WE CLAIM IS --"1. A progggs for the producti@gg2of single cell protein,
whi cH5conpr i ses aerobi cisge Y ad culturin ~m croorgani sm of %he genus
Bacillus in an aqueous almclent medi um con- 336 taining a vvater-§ | ubl e

oxygenat ed hydr ocar bon %ﬂdng a source of 988si.m |.abl € carbon, a source
of assim|able nitrogernyugdld such ot her moré ic and organic growth
fact@s as may be necesemary for the growm h gbgthe mcroorganlsrrg and
recovering the single Egmotelnfromthesﬁ.udture | i quor er (I)nthe

m croorgani smused is Aminoi Addas spd@FRs deposited as NRRL B8065 or
NRRL B8066j 35, 2. A rq ess according to claim1,
wher ei n th;em@&ed s cmmﬁﬁif m e range 45 to
65[ eR¥] C. m Gbmsnoacymeqlunlyo Qf aticll dalls? ®dnlls acii nmperagure is in

to

t he range g’g’ § Gsswl@dmnbeadlnswd by Ainplyogiding seiabler di ng to any of
cl ai ms re $ JRSRIIRS e the fpd Fagion emapdoying swsh $CRonpri ses an

aI cohol , ket (NHATGWEELAIMHQ&L acid or al dehyde of up to-10 carbon atons,
xt ur bﬁm@rmummmapwmw to claim 4,

vvher ‘#nn [SIArz =) mmeoamnmqnphmhunccamnohygtrl c
hydr ocar bydar ._\ g Lg&) _ (of jassimilabley | aim 5,
wher ei n sat‘mbrahsaodycﬂe i l&ﬁtm%gﬁmh ; Pl aiPOnE . per nol ecul e.

7. proc "‘ jromothe | caltyre diquowymetieesin thie s&lhishy dr ocar bon com
pri s&s one 2, A’"" ,ff','“ s \_ &ﬁf;ﬁ%&%ﬁg 80961 , but anol ent anol 35 hexanol ,
1, 7- hept anempethied? in e 1P 4$*@ 65002~ thy) TREIPEARRP is #A ¢ acid,

2- met hyl but’ ﬁoAmmﬂmme}mﬁm wherui%p&atﬂ?ishﬂ'the‘hﬁ}h‘%&nm .
2- ey yI gﬂ.tcﬁ

3 0 f anol , - et hyl - 1- propanol , 2-
met hyl - A % m %%w pancioc aci d,
f or mal dehyltbenp, meﬁﬁnlzdefhvd&,m&é@&aﬂo iy nal , -butanoic
‘acid, 2-methyidp |c@m§ah¢rand1e®xmadd hygirdéirBénl compisesd, hexanoi ¢

aci d45 2- mét Tt °&lned| oic acid, heptanolic acid,
4- hept anokgbon 1A PeuBSIR Gl OCL o saacdal mam& tadid, 45

7. Aprooessaccordmgtoela1m4 whermnﬂ:eoxygenatedhdrocarboncom-
glnses one or more of the following: propanol, butanol, pentanol, hexanol, 1,7-heptane-
. iol, 2-heptanol, 2-methyl-4-pentanol, pentanoic acid, 2-meth lbumnmc acid, 2-pen-
50 tanol, 2-methyl-4-butanol, 2-methyl-3-bumnol, 2-butanol, - 2- thyl-l-propanol, 2- 50
methyl-z-propanol 2-propanol, formic acid, acetic acid, propanoic acld, formaldehyde,
ehyde, propanol, butanal, 2-methylpropanal, butanoic acid, 2-meth -propanoic
ac1d, pentanoic acid, glutaric acid, hezanoic acid, Z-methylpenmmc acid, l{eptanedwxc
d, heptanoic acid, 4-heptanone, 2-heptanone,  octanoic acid, Z-ethylhexanmc acid,
55 glycenne, ethylene glycol, propylene glycol, 2-propanone, . 2-butanone, diethyl ethet, 55
syl i s St s, ol S ¢ B oo ol
wherein s :
pnses9 I%ethanol or ethanol. ® ogeaated b
' prooessaccordmgtoanyoneoftheprecedmgclmms,wheremﬂ:econcenua
60 tion oftheoxygenamdhydrocarbon thectﬂturemdxumnsmmntained'intherange 60

0.0'to 5 vol. per cent.
-—
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55 gl ycerine, ethylene glycol, propylene glycol, 2-propanone,
2-butanone, diethyl ether, 55 nmethyl ethyl ether, dinethyl ether,

di -n-propyl ether or n-propyl isopropyl ether . 8. A process accordlng to
claim4, wherein said oxygenated hydrocarbon com prises nethanol or
ethanol . 9. A process according to any one of the preceding clains, wherein

the concentra- 60 ti.on of the oxygenated hydrocarbon in the culture
mediumis maintained in the range 60 8.0 'to 5 vol. per cent. 12 '
1, 546, 691 - 'y : -1 AG.£0 12 10. A proeess

.»‘) : S

accordlng t o—erhry eHt - o
to the culture meqs E: a&pwmmwwmofmmmwﬁnmgmer

m nut e per vol . a %Y %Pm 7 ‘%fr"é P‘ﬁ%ture
mediumis main- té qu,e&@%geopmuﬁl@ ndla bE i gher es

and a pHin she ran a15A moe@sao&rdmg toanyoneoﬂ.t’he Chﬁi!iﬁﬂﬁﬁrt& Gxygeh0 anya@riex
of the preceding, movm@' s and is’ treate ‘ﬁmar bon
contains one or nd “- o _-.‘. f‘ ";_ &ﬁ&%g W mele emaresliars Ber nium* ~

compound in a ratio ap, Nph Gng 't Ay owlmeaﬁ&mmmﬁnq{ecamhyde
one of the precedl n%ﬂ : s

uloitiss s accordi ng-to any -
gressieg 1o any cmswwmsrﬁﬂmetreat ed .
with a manganous cb ol bigmiare %’E o
process accordi ng Wnﬁaangfin

3. A
d’%erel nﬂt‘qh gﬁlture

i s conducted5in a suliétarnmabl?!ﬂmamf:m H;lehercmehatatcrmamesmalmn- A 150

process accordng t Mﬁ%%’:%m Hof the

culture nmediumis gogs, %xmﬁh T Brbon 2 methanol and the p oding to

claim 14, wherein tha7m<pfw@§@aﬂm@mlasy NBREtIB—pnecedmgd&mB hézein briGoniy genat ed
hydrocarbon 20s nethy is epepdbyedpe "c-‘:«' 3 -6.8. 16. A procexs
accordi hg to-clai ’Dn% 1 b eﬁmr@“%@en%e .
oxygenat ed hydrocarbaqg s; 2ecH, wh@Opredafd myialpsodsgla&g}@ngmogb&tgp 6.5.
17. A process acc@pregding dabnsany one of the“precedi-ng clains, Wwherein

ammoni um 20 hydroxi de is enpl. a he nitrogen source.

20 18. A process according to clai m: “%&P‘TI 'y .as. herel nbefore

described in any one of  the precedlcgu:&ea - to IV.. 19.° Si ngl e cell”
protein, when prepared by a process a%&olocﬁmv%lm any one of - the ptecedi ng
clainms. For the Applicants:- D. - YOUNEE8ene MCIVARR- t o1 ed” Pat ent. ‘Agent's, 9 &
10 Staple Inn, Londormrint ‘Her styHtathe @m‘whythbccomﬂ&ar:e;smm& &i spi, ilmsier y -
Ofice, by the Couri. eﬂp} “% ° R iﬁ,c o Sl I-*’&'ﬂ?"rg'ﬁ ‘% ffhe Pat ent
O fice 25 Sout harrpton ‘Bui | d| ngs London V\EZA 1AY from whi' ch cop| es may be
obt ai ned. . L
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