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1 PRRODUCTI ON OF PROTEI N W TH REDUCED NUCLEI C ACI-D This invention relates to -
fer tati on processes. More specifically this invention relates t.o nmethods
&:zfodu0|ng protein having reduced nucleic acid content- and specifically (*
protei ns useful for -human consunption. Biological and particularly
fermentati on processes have been used for 5 centuries for instance in the
;art of beer brew ng. Recently, such biological processes have attracted
considerable interest for the produciion of protein both as feed
suppl ements and ultimately for human consunption. It is known that one of
the obstacles in using fernmentation processes for the production of single
cel | Protel n FRSDOETION OFRBITER WPTH REDUER D RUAIEICH ACIBf nucl el ¢ aci d
of the sunglé-té?r-prurgrn-var _in the art
for the reduction of the nucleic acid content of the protein. Anong those
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are easily centrifuged or filtered. This
the protein containing cells. Whereas certam details are known from these
15 various methods for the reduction of the content of nucleic acids in single
cell protein, no integrated process has been disclosed or suggested by the
prior art which would allow the production of Nucleic Acid Reduced Protein
(NARP) in good yields while utilizing only a limited number of process steps.
In accordance with this invention it has now been found that single
20 cell protein éfter treatment with acids and heat not only have reduced
nucleic acid content but that these cells also can very efficiently be : .
extracted with a base resulting in a solution of water soluble NARP and
" therein suspended solid NARP which can be separated into these two
~ products.
25 . ~ Thus, in accordance with a first embodiment of this invention a
process for the praduction of protein having reduced nucleic acid content
(NARP) is provided for. In this process a single cell protein mixture
containing cells with high nucleic acid content and liquid are subjected to a
nucleic acid remaval step wherein at least a significant portion of the
30 nucleic acids in the cells is transferred into the liquid. During this step the

cells remain essentially intact and are easily centrifuged or filtered. This



2 step produces a mxture-of cells wth reduced nucleic acid content @a
nucl etc acid containing fluid. The cells with reduced nucleic acid co -
gre separated fromthe nucleic acid containing fluid. In accordance wth
ks i nvention these cells are then ex2racted with a base at a pH of about
5. 10.6 or more to obtain-a-NARP mixture of ‘a liquid and a solid phase.
The liquid phase is recovered as a NARP solution as a first product of the
process arfidep Hrodugesda ghixdure of realls\withdreguced murieie rasid contantt and 8econd
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portion of this containing so nucl erc acrds an
essent i al | {emperaturgs. clemccmaacpawnth@ wqondcﬁmlwnmk of this inNentien gent at i on
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neutralizing the |iquid nucleic acid containing phase prior _
In"this process a microorganism and a growth me ium co tammg mmerals
are subjected to fermentation conditions together in a fermentation zone.
An effluent is withdrawn from this fermentation zone and introduced into an
acidifying zone together with an acid. After incubation at elevated
25 temperature for a fixed period of time, the acidified mixture of a nucleic
acids containing liquid phase -and a solid cell phase is withdrawn. After this
acid treatment the two phase mixture is separated into a hquxd phase which
18 ‘essentially free of microorganism cells and a cell rxch phase. The cell
phase has a reduced content of nucleic acids as compared to the cells in the
30 effluent leavmg the fermentation zone, but.an essentlally unchanged
content of protein as compared to these cells prior to their acidification.
At least a portion of this liquid phase containing soluble nucleic acids and
being essentially . free of cell material is introduced back into the
fermentation zone. This process is 1mproved in accordance with this
35 invention by neutralxzmg the liquid nucleic acid' containing phase prior to
- the introduction of the portion of this phase into the fermentation zone.
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Thi eutralization is carried out with an oxi de, hydroxi de, ;carbponate or

bi carbonate of one or nore netals or other cations. <The acid and the base .
utilized, respectively, for the acid treatment and the neutralization step\/
wll be such that the neutralizationsstep will formone or nore of the 5%y
m nerals which are either already present or desirable in this growth

medi umin the fernentation zone. This second enbodi ment of this invention
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15 The following details concerning the process are generally preferred
in both embodiments of this invention described above.

‘The process of the present invention can be utilized with
microorganisms capable of producing non-toxic single cell protein. Suitable
microorganisms in_cl_ude bacteria, yeasts and fungi. Yeasts are presently

20 preferred. |

thetroduction of the portion of this phase Into the fernentati on zone.

Suitable yeasts include species from the. genera Candida, Hansenula,
Torulopsis, Saccharomyces, Pichia, Debaryomyces, Lipomyces, Crytococcus,
Nematosgora and Brettanomyces. The preferred genera include Candida,

Hansenula, Torulopsis, Pichia and Saccharomyces. Examples of suitable
25 species include: .




5 Candi da robusta, . " : Hansenul a pol ynopha Candi da ,
claussenii N Hansenul a w ckerhamii Candi da rugosa '
Hansenul'a capsul ata Brett-anonyces pet gophilium. Hansenul a gl ucos
dansenul a m nut a _ . Hansenul a henricii 10 Hansenul a
nopf,er mént ans - Pi chi a nenbr anaef aci ens Hansenul a phil odendra
Pi chia pi nus Torul opsis candi da ' ~Pichia pastoris
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versatilis,_ ; Saccharonyces ¢ Vi S| Tor.ul opsi s
gl abrat a Candida mycoderma Sacchar onyces feﬁﬁ, _cﬁhf cjﬁ “mpc-‘-’rml I shi ana
Sacchar onycesdidm @itiIbs ul opsi s nenodendr a Hansenula mrakii Sacchar onyces
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Pichia far cchraronmyces—rouxrt 20 Pi chi a
pol yr®r phaCandida robusta Sacchar onyccliariseopls fedywhyplan/ces fractum

Sui tabl e b%gggré'aacljggkggﬁispeci es fromt hen&esrl%{’fa Baicikleh'ﬁgm iM/po'bact erium
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Pr ot am nob3ansenula Wigutaoccus, Art hr obgamegenulaen®dcihebact er i um

Exa”pd]lﬂi; Ofﬂaﬁgglggl go@?@ﬁq@ﬁaingd ude: 30 Picﬁﬁ._%i }I‘ILIH)Sra%ng. ibh
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orvil |l a Badiansesulaphiiodendra - Piddaygbmemas net hani ca Bacillus -
aci di Torulopsis candida ~Seudononas fI'up{a&c‘aE%s&q&isl-l us urici
Pseudonnnas‘a‘eru%rrrosa——-%am | l us coagul ams—— — Pseudononas
ol eovor ans Teaulepsis bpimities - Pichips¢nehatophilaut i da Bacil | us
circulans 'Torulgpsis versat.ﬁg%udom')nas bor eQP@A}jaiomyce_s;ierev;giae
' 15 ° Torulopsis glabrata | Saccharomyces fragili_.s
Torulopsis molishiana Saccharomyces rosei .
Torulopsis nemodendra Saccharomyces acidifaciens
Torulopsis nitratophila Saccharomyces elegans
Pichia farinosa Saccharomyces rouxii
20 Pichia polymorpha : ' Saccharomyces lafitis

Saccharomyces fractum

. Suitable bacteria include species from the genera Bacillus,
Mzcobacterium, Actinomyces, Nocardis, Pseudomonas, Methanomonas,
Brevibacteﬁum, Acetabacter, Micrococcus, Rhodopseudomonas,

25  Corynebacterium, Micr@bacteri}lm, Achromabacter, ~ Methylobacter, -
Methylosinus, and Methylocystis.  Preferred ‘genera include Bacillus,
: Psuedomonas, Protaminobacter, Micrococcus, Arthrobacter and

Corynebacterium.

ﬁumpleé o?sditabl'e speci;-s include:

30 Bacillus subtilus : Pseudomonas ligustri
Bacillus cereus ' Pseudomonas orvilla
Bacillus aureus ' : Pseuvdomonas methanica
Bacillus acidi ' Pseudomonas fluorescens

_lzatilflus urici o Pseudomonas aeruginosa



Bagj.l'l us megaterium . : Pseudononas pyocyanea 5 Bacil | us
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met h;nol i Ega #ﬁm si npl ex 5"'“H°'R8R’(§083F%Y‘?'lﬁﬁsr h'odoc%'r ous
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Nocar di a s-%ﬁ%%"—'%s?%’ °“§%ns Cor ynebact es’- - ' s Nocardia
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Ar chr onpbagd £l3o68R8 Iﬂ}sa Lehggoccus rhodu.é%h : _ Brevi bacteri um
but ani cumgﬁn—ug'a'c#er—n%smﬁ Hethyplomemas.£&11em r oseum

Art hr obactRgeudgmghés qngphanoloxidans Br evi badeth;vlomrfalsaumsb\rt hr obact er

sinmpl ex  pgeudomonas a Eﬁgﬁ‘éhggm erium | act poLum 25 Art hrobacter -
citreus ct'eri um par : anononas

metifani ca Protaminobactey gubkuct eri um ket oMeshplomatas\ing timuIdeas

met hanooxi ebacterial Q¥hpR&E eri uminsegliphill um Suila ungi include
speci es fr%ﬂ?ﬁ?@v@ﬁl us Moni | ,‘B‘F‘%"*‘?‘PR& z] ‘,I’j.c'cg*.“??—_um Mucor

Al t er nar i Lorymebactertum hydrocarbopgydans Mycobacterimmapblels of suit abl e
speci es Of cdryag £ a3ReR&EhR 9! | | Us nig cobacterium evicalgeni cillium

of ansum

) U al aUCU0S
terium oleophilus penjci Nocandis gialmpukedlmyer gil | us
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Aspergi |1 Lk :
te‘_Fr)li)-egs Corynebacteriun ﬂhfbéix‘ﬂé@lh&ﬂllé Cidcardfa AuRILEL! | US 1 tconicus
Rhi'zopus Détgryng‘bacte'rimn -gljﬁtnmig(m : " Nocardia corallina |
Corynebacterium viscosus Nocardia butanica’
Corvnebacterium dioxydans Rhodopseudoinonaé capsulatus
Corynebacterium alkanum . : Microbacterium ammoniaphilum
20 Micrococcus cerificans Archromobacter coagulans
Micrococcus_rhodius ] Brevibacterium butanicum
Arthrobacter rufescens o _ Brevibacterium roseum
Arthrobacter parafficum ' Brevibacterium flavum
. Arthrobacter simplex . Brevibacterium lactofermentum
25 : Ar:_thfo‘bacter citreus . Brevibacterium paraffinblyticum .-"'
Methanomonas methanica Brevibacterium ketoglutamicum ;- '

Hethanomona_s _methanooxidans- Brevibacterium insectiphilium

"“suitable fungi include species from the genera Asgeligillds, Monilia,
Rhizopus, Penicillium, Mucor, Alternaria and Helminthosporium.

30 Examples of suitable species of fungi include:
Aspergillus niger Penfcillium griseofulvum
Aspergillus glaucus Penicillium exﬁarisnm
Asgerg. illus flavus : Penicillium digitatum

Aspergz@llus terreus ; : Penicillium 3 taiicum



sPeniciIIiun1notatun1‘, *Rhi zopus oryzae Penicillium chrysogenum dg’
Rhi zopus ‘del emar, Penicillium gl aucum Rhi zopus arrhizus 5 =
, Rhi zopus st.ol onifer. " .Mucor mucedo Mucor genevensis In the practice of
\y{he process of the present invention, & he microorganisns, the source of
carbon and energy in the growh of the mcroorganisnm and fernentation
condi tii ons and procedures are not believed 10 to be critical. The

ferment ati on capergitius ittedicuisur ce of Rhizppusnigrigasgier gy as known in the art
or as deterni ngs, iBililSlh‘?\oQg\H cul ar r?!ﬁi"zgﬁésg&“; %gén chosen shoul d be

enpl oyed. Meth 1 “oNn Usi Ng=1 for. instance described in
U.S. Patent. 3, Eenicitiium chrysogenum: i orRhizopuws/delemaryeast |s described in 15
detail in US. ,P@ﬁﬁnqu,ﬂ,%%&pl. Bot f% ﬂﬁhﬁrﬁg &;ﬂ{z@sherei n incorporated by
reference. NUCL L Accor rocess of this invention

the Pernenter dRHiZoRugstploniter o j n Muesrmweedaci d reduction step. Any
nucl ei ¢ aci d r educdri eVehdiod 20 can be used that does not cause
extensive (or SLonillcan ; cell disruption and that reduyces .the nucleic
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Appl i ed Mg RRdvh GRY the? art o8 @8 dekSrmined3fbr the particl¥ar ClbidBidaRisny Bt NOd of
nucl ei ¢ acid re&g\(‘:fuggﬁh?q@yt eatnent wth acid. The use of an acid

treat ment ‘WQ%"'b ; sinple, reliable and econonical. Any
sui tabl e m ner aledangl ferihbntutich ubingi Bactetid. ish Y6l GsdthAde Wedéribedlin

phosphori cigl.can d. Jhe acid.is added to the ferngnt f.fluent to
a concentr T(Er%tﬁékelaﬁgt%l 4\ (REMpatatienyinyofving g, yeAsh ?‘t@“‘gée&e n '

TenpdSat urdetaibdnvideé: Patent 4068,2000 Bath pattentd aré dwyeinTineorporatedobyti ne for
the acid tLeglhgot Wi Il depend on the acid concentration, the mneral acid

-NUCLEIC ACID REMOVAL
According to the process of this invention the fermenter effluent is
treated in a nucleic acid reduction step. Any nucleic acid reduction method

20 can be used that does not cause extensive (or significant) cell disruption and
that reduces the nucleic acid level to below about 2 weight percent.

p Examples of methods of remoaving nucleic acids include: |
(a) acid treatment '
(b)  bese treatment

25 () ' heat shock and enzymatic action.
These nucleic acid reduction methods have been réported previously, see,
e.g., L. Viikari and M. Linko, Process Biochemistry, May 1977, pp. 17, 18,
19, 35; and J.A. Zee and R.E. Simard, Applied Microbiclogy, 29, 59:62
(1975). : . - |

30 - One convenient miethod of nucleic acid reduction is a treatment with
acid. The ué_e of an acid treatment has been found to be simple, reliable and
-economical. Any suitable mineral acid, such as sulfuric acid, hydrochloric
acid or phosphoric acid can be used. The acid is added to the fermenter
effluent to a concentration preferably in the range 0.2 to 4 normal (N).

35  Temperatures between 50° and 100° are satisfactory. The reaction time for
the acid treatment will depend on the acid concentration, the mineral acid



se | - hours. When the liquid streamfromthe separation step foll owi ng
th cid treatnent is to be recycled to the fernentér, the choice-of acid ,
will 5 frequently be so as to prdvide the anion used in the m ner.al \/

feed for the fernentation. Thus, when the nineral feed contains phosphat e
salts, phosphoric acid would be used in the acid treatnent. Likew se, when
sul fate ¥8edssand demperatures Rut will- genersllydbe dn|ther tangacl®l misutes be used i n
t he aci d ghyéral RButs. 10 It has been determ ned that when il der
conditions (lower acid concentrations . 0.4 N, or |ower reacti-on.

t enper at ur es, Whep the, liquid, stregay: fram) tbﬂe”&@ﬁ!-“!"r gkepnfollowipg the; acid s
strongl y tRsathrent cd to bl debysledt @ the mméheenm meueamlaef 6f Cadi@P@ilti on to

adj gst t 1,0 a2 value in th to.allowth l-atively rapid
rel ease gfe‘{')"ﬁﬁu K\RB 8P\ 8% ER&BY'@PC‘%C?‘HQ“H’ ip the, 'PH??"EE%%“E foRdB® Stronger
;:ondl ti ;)liarméntlatxgher Taisy] when ether abiner? feed. ?dht&rthlh pﬁdisphhﬁl?ialts, t .
enper a ef.ore the separa step is
pref erregwﬁ%hoﬁggﬁm J(!? b%qsggiiﬁﬁaggd 4’%% t deikawise, #%Q?;ase woul d
be addedsalssmeusev!m(;hstmmlf fapd, tshb‘usiopamgtwmldsheageedmaupmathe pH to

an accepiaditmengvel before recycling the liquid to 20 the fermenter. A
_re nabl e contact- time between the -acid treated cell material and the base

gni fi candt hasyheen determined,hat jwhen smiddarc conditionsndowenacid ar e
des i r abl eondihittatidras eb@.se.aeﬂplo@yledzer rteh&ﬁoﬁlta&@e?&%?éd, hﬁf Bo%€e) afgli t Ons

can be an ui tabl e, pbase, such as 2 or NH40H, -
is 25 "'¥ ‘g ‘g EG&%"’Méﬁ stmgm ﬂtﬁfﬁr'?f’r@agg Parg tedheepar at | on-

step is Tao:d@e mmmrellmfowséﬁ&aﬁehrtﬂr&ﬁﬁsttmm tbhe value' Inxtiie Faritfe IDXI -des of
et ondF 2 Ry TRk yh St o o R iSO S, 27,
be ¥ont emmttw cells Undet(,stmagelfvgondihpnaf higher mmcut&-am, exanpl e, 30
et o A a Bt EhGRaiRl uiap STER e Boll) WiuidWBetpld th 1 21 ¢
~ My( OH) 2. separgtign §tepi ueerqfemédahpn@wtan% o agyesopritialé tnethe daver gani sm -
and avoi diuatien, Base> Wiild e @ddédtos ui@‘lnqﬂﬁﬁdﬁ‘éam’ fRim NP sdparation
stage to adjust the pH to an acceptable level before recycling the liquid to o
20 the fermenter. A reasonable contact time between the acid treated cell
' material and the base is significant. Usually the contact times greater than
one minute are desirable. _'
While the base employed in the above described base additions can be
any suitable base, such as NaOH, KOH, Ca(OH)z, Mg(OH)2 or NH,OH, it is
2 frequently advantageous when the liquid stream from the separation step is
to be recycled to the fermenter to use the hydroxides or oxides of metals
used in the mineral media feed for the fermenter. Carbonates and '
bxcarbonates may also be used; typical metals or’ equivalents of metals to be
contempla_ted are Ca, K, Na, Mg, Fe, Cu, Zn, Mn and NHa. For example,
30 when the mineral medium feed contains K'2504 and MgSO,, the acid in the
acid treatment would pe.HZSDA and the base would be a mixture of KOH'
and Mg(OH)z. This provides needed minerals for growth of  the
mxcroorgamsm and avoids the introduction of salts not needed by or perhaps -
even toxu: to the microorganism.

7.@d, and tenperature, but will generally be in the range 10 m nutes to

35 The mxxture_ from the nucleic acid reduction step is separated using
techniques, such as centrifugation or filtration, to produce a cellular
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- the formation of lysinoalanine, which may result in kidney lesions in humans.

In addition, the use of bases such as NaOH results in an increase in the salt
content of the isolated soluble protein. Ammonium hydroxide appears to
greatly diminish the formation of iysinoalanine and excess ammonia .can be
removed from the soluble protein during the drying step.

At the conclusion of the protein extraction step the r_esulting mixture
is separated into a liquid stream containing the extracted protein and

a proteinaceous sohd which is the extracted cellular material. The '

separation can be accompllshed by such methods as centrifugation ar
filtration. :

The solid from the separation can be dried, e.g., by a spray dryer, to
provxde a dry material containing proteln, fiber, lipids, and carbohydrates.
This material is low in nuclei¢ aclds and is smtab!e for use in animal feed or
bulk protem supplement in human foods.

The liquid stream from the separation step can be dried, e.q. by a

spray dryer, to remove the water and to yield a dried, soluble protein with a
much lower nucleic acid level than -u@ould have been present in the absence
of the nucelic acid removal step. This protein is tasteless, adorless, and off-
white in color. It has desirable 'functional bropeﬂ:ies similar to the

" properties of egg white and other hngh quahty protenns and can be employed

in various foods.

i
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30 . . bulk protein supplenment i'n human foods. The liquid streamfromthe
paration step can be dried, e.g. by a spray dryer, to renove the water
§§§ to yield a dried, soluble protein with a nuch lower nucleic.acid | evel -.
n woul d have been present in the absence of the nucelic acid remval &<
step. This protein is tasteless, odotl ess, and off- 35 white in col or
It has desirable functional properties simlar to the properties of egg
nd can be.enployed in various foods.
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solution or c bedled F to isolate . .the protein ew se,
pr ot ei n&®88us YCIQIE Gﬁié' fFedired, gela tﬁrB?FfE’&'ﬁdbz Ggey‘eaé’ﬁsﬂe noi st

treatment stage D where a suitable base is added 5 and the cells are treated

under conditions suitable for extracting the soluble protein. At the

20 conclusion of the extraction step, the _pfoduct mixtm_-e is passed 6. to a

separation stage E, such as a centrifuge, where the mixture is separated into

a liquid phase containiﬁg soluble protein and a solid containing the

proteinaceous cell residues. The soluble protein can be used if desired as

* the aqueous solution or can be dried F to isolate the protein. kaewnse, the

5 proteinaceous solid residue from the separation can be used as the moist

solid or dried G to provide a dry, protein containing residue. <

In a more specific example of the precese of the present
invention, Figure 2 describes a process involving an acidic nucleic acid .

reduction step and an ammonium hydroxide protem extractmn step. The

30 effluent from a fermenter H is transferred 7 to an acid treatment stage I
where an acid is introduced 8. Following the acid treatment  under _
conditions suitable for the reduction of the nucleic acid level of the cells, .

the treated mixture is sent 9 to a separation stage J. A base can be added

10 to the treated mixture to adjust-the pH to neaf neutrality or base can be

35  added 11 to the liquid stream 12 from the separation stage. The liquid

stream 12 is completely or partially recycled to the ferrrienter to provide



solid or dried Gto provide a dry, protein containing residue. In a
speci fic exanpl e, of the process of the present invention, Figure 2 o
describes a. process i nvolving an aci di o nucl ei ¢ acid reduction step and an--
‘apmoni um hydr oxi de protein, extracti or} step. The 30 effluent froma

féwgenter His transferred 7 to an acid treatnent stage | where an acid is .-
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the liquid stream 12 e separation stage. The liquid stfream12 is
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col 515 rommusn of dhe aErabelit,gtbey the SRPARE, ure, 1 15 aRbAeRH fycr ox de
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16 cont ai ntecgivedcfrom the separation \. andan becdtied M apddN 4o yieldrthei driedy
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can be drie N'to yield the ) r.ot el naceous solid

resi dua
18 and dr i ¥mmepia,from thedeyers i and Neean be golleskedriliand Zhhandregysieds M and
N can be cgl itecfepmhenterdd®rid poivtscfbasb additiont 10; flesEqt er H or to points

f b ddi tiopg 1Q, 11 or 14. The follow ng exanpl i nt ended _t
1ot rate furtHe ToBwiR exempled e tneanied 1o, ivitrala flrEnes, ol ©

| i m tati ondethils b$ the ip@entibh without undue limitation of its scope. EXAVPLES The

nucl #c acid levels were determ negm%hl oric acid extraction and

spectfophotonetric anal ysis at 260 protein contents were
det ermi ned by ahhexnuelei¢ oacid t levelsOwere [deteimined tbyc perebloriee adid

CuSHA. 5Hzoexﬁ%5me?r@%§t%§'§gﬂﬁtomet}i|&e aglg%fsbaﬂc 2681 nirl)® 2fhe protein

pr ot ei n-copper conpl ex nm usi ng ne al bum n serumyas.a standard.

The fer mene@ntents; wees deferrpined By, Ap eXtreption with| NaOttagt 1080ty iR the
| presence of CuSO,.5H,0, and the measurement of the absorbance of the

20 protein-copper complex at 540 nm using bovine albumin serum as a standard.
The fermenter effluent used in some of the examples was from the

continuous fermentation of a Pichia pastoris yeast culture which has been
deposited with the official depository, United States Department  of
_ Agriculture,' Agriculture Research Service, Northern' Regional Research
25 Laboratory, Peoria, Illinois 61604 and is designated as NRRL Y-11430. The
fermentation was carried out at about 30°C using a methanol feedstock and
had a cell density of about 125 g of cells (dry weight) per liter of effluent.
The fermenter effluent used in other examples was a thermophilic
mixed bacteria culture HTB-53 which is deposited as NRRL B-8158. This
30 thermophilic mixed culture of bacteria is the subject of Application Serial
No. 856,545 filed December 1, 1977, which is a continuation of Serial Na.
698,251, filed June 21, 1976, now abandoned. The bacteria are individually
classified as (1) a large gram-positivé curved rod, division Bacteria, class
Schizomycetes, order Eubacteriales, family Bacillaceae, genus Bacillus; (2) a
35 large gram-negative rod, division Bacterla, class Schizomycetes, order
Eubacteriales, family Bacillaceae, genus Bacillus; (3) a short gram-negative




continuous fernentation of a Pichia pastoris yeast culture which has been
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Pi-chi a j 0 e Sl T hheCoiaC] fo a mxture
whi ch MW%W%S ﬁP?%qrfl"gL 1;8&[&61%_8&%83 'anlittluérhgnagg %Leéa%{ ed 1o [err] for
30 mi nutweshed gellat was resuspeadediindistiliedwaten (otal vojumei of S0md.) anded t o

adj 45t 11D GoReentrdtied® anichilim! hydrs)ids Ssoldtién Wad WdledPfo GRBI M1 f uged

(thée supernatant was saved for a |atéer analysis) and the centrifuge pellet
vwas was fuspefeion 9 Jorm agmixkuse which was He6l Pein emmenjume bydraxidead i n

di sti | | erhisvadugperision a&alasvo-_hutai ait sgasogp amlhsﬁ mifutes. aid c\oafembﬁat ed

amoni um roxi de uti on was added to.the suspensiqn t rma mxture -
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Supgy natant “s%%?‘é;”b%‘%feuafédu%@'fr&%' ik Srun were analyzed for protein,

nucleic acids, ash, and other components. The results are presented in Table

I in terms of the compaesition of 100 g of the original single cell protein and
the final distribution of the components in the various process products.

| | TABLE 1
25 Soluble |
- Original Functional Residual Solub 4
- Cells Proteinn  Protein. Waste™
Protein - - ...5'29 B iﬂg . 339- 6g
Nucleic Acids 5. 0.6 0.2 4
30 Ash ST 1.1 13 10D
Miscellaneous® 31 0.1 16 13
Total 100g ~ 1l.8g 50.5g 33 gD

a)  Centrifuge sup'efnat_anl;'after'acid treatme_nt.. . |
b) The Na,SO, introduced during the effluent process is not included in
35 these weights. o ' '



protein and a residual proteinaceous pellet. 20 - - Several of the -
products fromtHjs run were anal yzed for protein, nucleic acids, ash, d
.other conponents. The results are presented in Table I in ternms of \ -
\Qprrpoleon of 100 g of the original single cell protein and the fi

dikgfri bution of the conponents in the various process products. TAB 25
Sol ubl e Ori gi nal Functi onal Resi dual Sol ubl-e Cells Protein
Protein  c)VasFibde; tipRistand carbohydrates.52 g 10 g 33 g

?29 Nuclei ¢ ACI cﬁ\ese resula ge@onstrate tlc\)f é:;rp]:eam gfséﬁ‘? :?ﬁ%ﬁ?ﬂ& mventgop ?or Ash
0.1 the Iﬁ-matwn of a soIhBle finrictional protein and a resitdaDprotein withlioGg

%22%4 |ntro§'%ceé°8ur| ng rltﬁ ﬂ:&g afn%g%\gggetkl?s notrq"{ng%a%esqx fo'gid

t heseSwei glin $he centgifuge numnatantmfasr ﬁmaeﬁlr trentruent: step. indbe absenge: s
denonst r at %ftahead?ali Rrcatihent s -ﬂ&&sﬁn aEg(X deid Qéldi %uLd“ﬁ% &Vﬂi s irPthe?f @

sol ubl e functlo roteln ar res r ot elc acid
| evel s. Mp&pluBle tung '891"9‘?’#&?‘“46&?%% e SCP is found in the
centrifuge supernatant after the asmmpeatment step In the absence of an

acid treatnent step. nost of the nucleic acld resent J t he
sol ubl e functi o%ﬂ"e‘b‘? of} a8, carFl n°‘(tsge &'% ot her
run V\fu; c apresedt doventionac &mrdari;ca \stmhldsheatgalomsmnfvésm dés chapgeﬂsetnth 3
i nventi on. e r Wi
litres of ,[VLB\ Tj;Pment er%'?ffy Q&?tﬁ ﬁwﬁ%?er rrer}ﬁ% f&mﬁﬁiﬁ%ﬁlﬁgﬁst ori-s
(5.9 g/ L npasteris &%Pdg/lanw@elcS agids jendt 66+8) glhd peatein) @hdcdacon ref ed
sulfuric agp érﬂré B;m; EH{]deftW‘?bﬁH %"’i‘@x Or%gh'idh”wﬁk‘hfw NCmaﬁ!lﬂchhe

m xture was ai;e t,0 m nut es, treat

with sat ur 26k 6?99 Gnheld W%q forg30 miputge; trgeted o st and
f or 195 M NWigts satupatied dodilith Ir@ara&dé BElution! b’ $H'Bfo 97bRd BoREd taitarnd1e :

for 10 minutes. Centﬂfugatlon of the mixture was carried out and the
centrifuge pellet was washed with water. The nucleic acid reduced protein
(as an aqueous suspension) contained 54.1 g/L protein and only 0.5 g/L
) nucleic acids. Concentrated ammonium hydroxide was added to a suspension
20 of the prdtein to yeild a concentration of 1.84 N ammonium hydroxide. This
| sushension was heated to 55°C, held at 55°C for about 15 minutes, and
centri'fuged.' The supernatant (13 g/L protein and | g/L nucleic acids) was
dialyzed against water to remove salts 'and was then freeze dried to yield
' the functional protein. |
25 . - EXAMPLE HI
' Several runs were carried out to demonstrate the importance of the
nucleic acid removal step before the soluble protein extraction step and to
‘compare different nucleic acxd reduction procedures. The treatment steps
' utllized in each run are summarized below.

30 N : o : Soluble
: o Nucleic Acid "~ - Protein
Ron . _ Reduction. Extraction
3 ' . none . M4|40H (1.84 N)
4 H3P04 (0.93 N) NH,0H (1.84 N)

35 5 NH,OH (0.2 N) - NH,OH (1.84 N)

»r
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mbL of NH40H
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WR&ER %1 n run 5,
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TABLE Il
- After ﬂuc_le:lc_.' Residual Functional
20 _Acid Reduction Protein Protein
Nucleic "~ Nucleic .~ Nucleic
Run Nucleic Acid Acids, Protein, Acids, Protein, Acids, Protein,
No. Reduction g/L " g/L g/L g/L g/L g/L
3 none - - 1.4 44 6.8 14.8
- NHI.OB 1.0 60.7 0.5 - 43 . 1.4 6.4
These results show that. in the absence of a first nucleic acid
reduction step (run 3), the extracted functional protein contains a high level
of nucleic acids (about 30% nucleic acids). In runs 4 and 5, nucleic acid
30 reduction steps using either H3P04 or NHaoH result in extracted functional

protein with much lower nucleic acid levels. The low level of protein in the

functional protein in run 5 suggests that

the nucleic acid removal step using

NHAOH decreases the effectiveness of the protein extraction step.



‘m xture was heated, t.o [err'] for about 10 nminutes and then centrifuged tc__);__'

|s the residual protein. - The assay results from the various product

15 yield a supernatant containing functional protein and a pell et @

§_gmmr| zed'in Table II. TABLE 1 After Nucleic Resi dual

Fupgt i onal 20 . Agi d Reduction Protein .

Protein Nucleic “Nucl eic , Nucl ei ¢ Run Nucl ei.c Acid Acids,
Protein, Acids, Protein, Acids, Protein, No. Reduction g/ L g/ L
g/L g/L g/L g/L 3 EXAN@EIV 1.4 -
44 . 1 38
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hoi a3 Ui Exarmeleoh IisGnations) erpteler et Arayed sdalnst wates o TeMaYe: | aot cd

f unct i onal sgitoend was l)hpmlt:hdl oThe reulﬁeeusadaalgiofﬂeiﬁn inle8 mbwhatetel of |
t

emoval ”%Ef%?*#éf U DOG Ghlkeb) 172 DodboBf VERAR, 2o, adiiBod 1 =

extractionlst epp flaketicaeannil EAfter Geatingt theapmtennmtmmaasanﬂae spgarpar ed

from funct apakasd Qﬁ@'b%afiﬁ%rvi’&t@di‘ntﬁﬁ 64k dnp g 8iifr.Clartdicey esent

i nventi on. uncti ona rotel n use e co I ned roduct rom

severd r uRecanukiwas added t: the, mixture, th&l"ﬂ%ml\'eﬂﬂl_ﬂﬂw&;ﬂ q gtandofes| 10pr ot ei n

was di al yzafinaes) nﬁodwésewre tsmvat S3sOF emi"medryeohHmz:%d Tfa reci pe

used8gof otein in t he eqlval of two.egqg whites), 1/2
{easpoon EAuIting capkies fizdoared sppmmtance: 304 tasber | dhete SHRMR fhowpi

beati ng t htheppriteinextraétedtsy tipidcess o6f gie pmna@wmnmdsemncﬁgnwas

conti nued unt|I .Lhe ture was, . stiff. After the 10 coconut was- added to
t he mxtur@ ﬁtéeﬁ‘rf%' ﬁ"’BWed to stand for 10 m nutes. Cookies were
bakedl5at [err] for 20 m nut es. TheEXAMPLE My cooki es had good appearance

a_nd tast €. Thesp{uheg%gg c%_?ﬂ%t&ﬁt according to the present invention for the
extraction of protein from bacterial SCP. A mixture containing 0.8 N
hydrochloric acid (HCI) was prepared from 2.9 litres of the fermenter
effluent from the fermentation of the thermophilic bacteria mixture
20 HTB-53 and 100 mk concentrated hydrochloric acid. The mixture was
heated at 80°C for 20 minutes and neutralized with 55 mL of saturated
sodium hydroxxde solution (50% w/v).- Centrlfugatxon of the mixture gave a
supernatant and a pellet. The peliet was mixed with water and concentrated
NH,OH to a volume of 3 litres and NH,OH concentration of 2.1 N. Heating
25 this mixture for 20 minutes at 80°C with occasional stirring followed by
centrifugation gave a supernatant containing soluble protein and a pellet
containing residual protein and other cellular materials. The assays of the
. various fractions during the process are presented in Table IlI. A sample of =
the fermenter effluent was centnfuged to provide a pellet and a supernatant
30 for the first two samples. ' '

A



t protein extracted by the process of the present invention has

I onal properties simlar to egg white. 15

LE V Run 6 was carried out acconl ng to the present: |nvent+0n for the -
eXTraction of protein.frombacterial™"SCP. A mixture containing 0.4 N e~
hydrochl oric acid (HO) was prepared from2.9 litres of the fernmenter -
effluent fromthe fernentation of tiger nophilic bacteria mxture 20
HTB- 53 and 100 nmL concentrated h ThBEE Ihel c acid. The m xture was heated at
80C for 20 m nutes and neutralized with 55 ml of saturated sodi um hydroxi de
solution (50% w v). Centrifugation of the m xture gave a supernatant and a
pellet. The pellet was m xed with water and concentrated [err] to a vol une
of 3 litres and [err] concentrat Nonlefc Acid$l Heating Frotefhis nixture for .
20 m nutes at 80C with occasional stirri ngaijol | owed by. c&nvpEiTerad i on gave

a supernatant containing sol uble pgékei n_2nd a pfLl et SrartdnpExptedn dual

rialkSyqe Th say ok the varppus fractions
d.l.%;z &z 206 PE

SL(r) e| " aﬂjetowgﬁ fﬁlu%h@bggnﬁe bl & sqmpl e of e fernenter
ef fl ueng %a:st%a % iriﬁw dq .34 pel e cgsazsuper natg gt 30 for the

Cfirst’t : L ,,N(;Iel ci ds otein % of
Tot al géE let & Ef;: tgo aFnt Hﬁ § Ot el:bn Pel I% fif romEfflg ent b)
u

5.12 1 28 upq_r ggt ant rom I uent 0 98 2.4
Ext 3 38
1.310 ernatdfe ﬁmet T om A%‘?d Treat ment - 1.24 38. 2 :

90 Supery gaﬁ@&teikrggidic'éz Y Q%Mta& gZIidJsO{ér% ve%&ﬁt) of' each 6 Pellet from

Extracti _ Supernatant from .
Ext ract i onfrackigs. 3.3 18 1 38 a) Nucleic acids as a Z of

total sq))i ffe GliYetEiviile sabpeaddy finaGhi&n £ob) cid@sBaYLEt S were suspended
I n water for the assays. These results show that the process of the present
I nvention for :

These results show that the process of the present invention for
15 removal of nu_cleié acid from SCP and the extraction of protein from the
nucleic acid reduced protein is suitable for use with bacterial cells.
" EXAMPLE VI |
Example V ‘was essentlally repeated, utxhzmg however instead of the
bacteria culture a yeast culture, namely a cell- effluent of Pichia gastons.
20 The results of this example are shown in the following Table.

TABLE 1V
Nucleic Acids Protein .
a) © % of Total : :
glk g/L  Starting Protein
Pellet from EffluentP 5.13 6.0 53.0 98 _ f
Supernatant from Effluent - -0.09 1.1 0.91 2 . v
Pellet from Acid Treatment®  1.44 ~ 1.7 49.0 84 :
Supernatant from Acid Treatment 5.08 6.0 7.87 14
. Pellet from Extraction? 0.28 3.3  38.5 64
30 Supernatant from Extraction ~ 1.16 1.3 12.1 20

- a) and b) See footnotes for Table 11X
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of nuclei.c acid. from SCP and the extraction of protein'fronrfﬁ?
nucleic acid reduced protein is suitable for
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The results of this exanple are shown in the foll owi ng
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3 p ks il Bt URT ehd
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a

temperature of 30°C and the mixture was then heated to 80°C. At that

15
temperature the mixture was held for one hour. The mixture had changed
from yeliow to a light green color. It appeared that a shorter NHaOH _
treatment time would have been preferable to avoid the color change. The
results of this example are shown in the following Table V.
20 TABLE V
. Nucleic Acids Protein
_ o ) Z of Total
ghh 22 g/L Starting Protein
. Pellet from Effluent’ 7.8 5.9 69.1 97
25 Supernatant from Effluent b -39 0.3 1.9 3
Pellet from Acid Treatment 3.04 2.5 64.4 82
Supernatant from Acid greatment 7.00 5.8 11.3 15
Pellet From Extraction 0.92 1.0 50.6 62 ‘
Supernatant from Extraction 3.84 4.0 16.9 21 !
30 Large scale centrifugation 3.25 10.6 17.8 -
Same (second sample) 3.21 10.4 17.0- -
0.76: 1.1 51.0 -

Pellet from Extractioxi

a) See footnote for Table
b) See footnote for Table

I11

11X



errpe_rature of 300C and the m xture was then heated to [err]. At that
cgpPRrature the mxture was held for one hour. The m xture Had changed from
el I'dw to a light green color. It appeared that a shorter NH4OH.t.reatnent -
time woul d have been preferable to oid the color change. The results of=s
this exanple are shown in the followi ng Table V. 20 g
TABLE V Nucl eig. Aci ds Pr ot-ej f Total . %0 [ L

Starting Prot Zﬁ'ﬁ BATRIEs £y shems; tha twntﬂ the proce_ss#/lé-ns 5'?‘@?"”""6%("1

97 25 Sdiffereat prodicts,tbdthf ofueeduced nucleic Zeid) content, cah.ld produced. 3 Pel | et

from Aci 04 82 Supernatant from Acid
Tr eat men?h;;g@ﬁ%e@h Shﬂvi 'téatofhe &"’; il v%g* ?bcﬂmld—"r'%ﬁ%eExt raction 0.92
1.0  50.6 62 Super nat EXAMPLE Wl r act i.on 3.84 4.0  16.9
(sctond ganpl oy mple V'ids! 45gh Bbentjally ‘repagtet olcopt 3, dited in the SO
Extract i fﬁiﬂ’p“,ﬂng- ‘Thirty el congentrgted)H,SO, was addggl igcthig Joxarmele Blor Tabl e

| Ihl b) m:fsuS’o;f cthe inbXtufélwes _Ihédtgt_i t?moﬁﬁhﬁd agmt Qhablt Oﬁnpfémula‘e t hgt with
t he procgss this iravention,t | r , ¢l S, both o uce

nucl ei cg‘?i%d)%ﬁ‘f it | @aWE&&%Cégffﬁﬁﬂﬁ'ﬁgéglﬁsﬁzlw 'éﬁ?&'\/\?'?%gfe the data
are wel | finabipbtl wad IdetermiAb@®Ltio Bkl 5.85. The acid treated cand nestraljzed '

Eseqy i al e 2 I ' i

con:([:ﬁe ntr é%ggsﬂ%4&m@gﬁ§§éd%§iiW?@%ﬁpﬁﬂi&\;‘%%{m Fear é‘}&l v{%%.edm xture
was heat enece withchety water.hdlojthe solidh cellamptarial @romapiurg Chydraxideswag-or

neutral "ZéciddOng: @HOT, 0 thénfiRturét wils WedtedStd 80°C! 'aRdf hBfl &tHtnae
determned to be 5 85 The acid treated and neutralized 10 product was
cent ri f ubfraPeratyne, tar J0.BMAULRS RPM for - 5 minutes and washed once with hot
water. To t heThelresulthre sHOWR intthe Followi adL oxi de was added at 400C, the
m xture was heated to [err] and held at that .

15 _ TABLE VI
Nucleic Acids Protein
) Z of Total
glL Zi_ g£/L Starting Protein
. Pellet from Effluent®’ 7.61 7.0 61.6 87
20 Supernatant from Effluent b) 0.33 : 0.3 9.5 13
Pellet from Acid Treatment - - - -
Supernatant from Acid gfeatinent. 7.23 5.3 - -
Pellet from Extraction 0.45 0.6 43.8 ~52
. Supernatant from Extraction 2.26 3.2 14.6 ~17

25 a) and b) See.footnotes for Table III

EXAMPLE IX
The previous Example was repeateﬁ except that 51 mL concentrated
H,SO, and 113 g KOH (85 wt %) were used. The sulfuric acid was 0.6
normal. The results of this run are shown in the following Table.



“terrperature for 30 mnutes. The results are shown in the fol |l owi ng Ta

15 - TABLE VI Nucl ei ¢ Aci ds " Pr o)

of Total g/L -% Starting Protein Pellet from Effl uentb) 736
°7.,0 61.6° 87 20 Super nat ant Hom Ef f | uent 0. 33 0.3

b’S » 13 Pellet from Acid Treat nent - -

SUyer nat ant- from Acid Treatnent.7.23 5.3 - - PeIIet from
Extraction 0.45 0.6 a.@Q;_‘ﬂgw Supernatant from Extraction
2.26 3.2 14.6 17 25 a) ee footnotes for Table 111

EXAMPLE | X The previ ous Exanple was repeated except that 51 nlL concentrated
[err] and 113 g KOH (85.W_%_ were used. The sulfuric_acid was 0.6 normal.
The results of this run are shown in thg,dlslcontgr Tabl e.yrote® TABLE VI |

Nucl ei.c Aci dr Protein, % of Total -grt—- ~— §/T " Pter TowgiProtein 5
Pellet from Effl uent ' 7.43 ,@ 9 ¢8 3 lesi Start3agSupereiat ant
from Ef fl uent 0.40 0. 37 - Ig"l'lef Tronﬁlﬁmd

Treat ment ) 3.18 2 p) 71.2 83 Supernat ant from ,%m d

Tr eat fent PeXet fren Efflucep ' 1abPel | 68911 oh3EXt r act | oﬁ

0.85 1.Supernggamt from Effipeny o ) Sup8r 4t an®-3f om Bxf'r acti on 2.51

3.1 28 Rellet from @dLgth’,'-%%'&'l centri¥ugatdi on wdd-2carri ed8 ut with
t he renmai rSyReTRPEERt (fxom 493 Al §¢ ?'d’fe“tsapg? nat 2nt frdrh Extracti qijb) 2.11
2 27P¢Xdietefrom dmtmcltaem on - 0. 351 ‘e’% - 58. -
15 ') anSupsrnstant romESSTRstiqny)| o |2|-P1 3.1 2. 5

- —
e .

Large scale centrifugatioh was. carried out with the remaining -

'NH,OH-treated material.
Supernatant from Extractionb) ozl 2 27 -

Pellet from Extraction 0.55 0.5 58.4 -
15 a)andb) See footnotes for Table HI

The two Examples shown above. indicate that functional protein
having reduced nucleic acid content can be obtained by the process of this
mvention. -

. EXAMPLE X L

20 " This Exampla describes a pilot plant run using effluent from a

. fermenter with Pichia pastoris as the yeast. The effluent was collected ina . .

90 gallon (341 litres) container and kept at a temperature of about 10°C. To
this container 3.75 litres of concentrated H2504 was added. The contents
of the container were heated to 80°C. ‘and maintained st that temperature

25  for 20 minutes. The final pH was 0.95.' Then 8.64 kilogram KOH (85 wt %) -
was added raising the pH to 3.85 and raising the temperature about 10 Oc.
The processed fluid contained about 60 g/L Pichia pastoris. The product was
washed in a continuously running centrifuge and the stream split 3.5 (waste
-wash) to 0.9 (cell cream). : '

- -

o
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ntion.

EXAMPLE X 20

~two Exanpl es shown above jindicate that funetional protein having
dlyxiced nucl eic acid content can be obtained by the process.of this
Thi s Exanpl e describes a pilot pl-ant

run

usi ng effluent froma fermenter with Pichia pastoris as the yeast. The N
effluent was collected In a 90 gal | o}’ (341 litres) container and kept at e

tenperature of about [err].

[err] was addg_g.ﬁ

mai nt ai ned at

ACPEERLIRN as BOb PPLIMYM, sloeet

To this container 3.75 litres of concentrated
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[, 17 s v i

VIIl Nucleic Acids
Protein 15 Pellet from Effl uentb)
Supernatnat ‘from Ef fl uent b)
Aci d Treat ment 1.75
Treatnment 3.13 12.0

5.22 2.8 147. 8

4. 4
0.9
51

15 Pellet irom Efiluentb) .
Supernatnat {rom Effluent )
Pellet from Acid Treatment

Supernatant irom Acid g)'eatmént

Pellet from Extraction
Supernatant from Extraction

20

Pr ot ei n'I%Bif.EWIIaI

a) and b) See footnotes for Table III

temperature of [err] and an outl et
' owi ng results were obtained. TABLE
g/ L % L Starting
3.92 0 40.1 98
2 Pellet from

7.

0. Ogjl?juqloé-i% Acij.j,o' 7 Protei . i d
. L (o] a
g/ Pgedet frop Exgia%iﬁ'ﬁinpimmm

98
2
82
16
51
31

3.13
5.22
5.6

7
4
4
12
2

OO HNO

10.

EXAMPLE XI

In this example, 5 mL of bacteria _ceu' cream that has been washed _
once (HTB-53, the same cell cream as used supra in Example V) were ¢

acidified with 60 mL H,S0, (0.8 N). This mixture was heated at 80°C for
- 30 minutes. Thereafter, the mixture was "neutralized" with 0.1 mL:

saturated sodium hydroxide. The "neutralized" mixture was centrifuged and
the bellet.s were resuspended in water. To this mixture 0.6 mL concentrated
NH,OH was added and the mixture was maintained at 34.5°C for 25

minutes. The so obtained mixture was'phase separated ina centrifuge and _

the pellets and the supernatant was analyzed for the protein content. No

nucleic acid content was determined in this example. The results obtained

are shown in the folloWing Table:



”

*20 Supernatant from Extraction 5.6 10.8  26:1 31 a) an
D&

See footnotes for Table Il EXAMPLE XI In this exanple, 5 nL of bacteri
cell creamthat has been-washed once é@TB 53, the sane cell cream as used
'@prain Exanple V) were 25 acidifi with 60 nL H2SO4 (0.4 N). This
' rr'_%;t:ure‘ was heated at [err] for. - 30 mnutes. Thereafter, the m xture was
"neutralized" with 0.1 nl-saturat eM hydr oxi de. The "neutralized"
m xture was centrifuged and the pe re resuspended in water. To this
m xture 0.6 nmL concentrated NHAOH was added and the pi xtyre was nai ntai ned
at- [err] for 25 30. mnutes. The so obtained m xtur ¥ ‘ Mhase separ at ed
in a centrifuge and the pellets and the supernatant ﬁ’g? zed . for the
protein content. No nucleic .acid content was determ ' €aRanpl e.
‘The resul t epidriepesl ﬁrﬁugggwn in the follow ng Table: = ,20 TABLE | X
~Protein % ghpeiathnt! fidd BEsRIeNeei N 5 Pellet from Effpéent)
93 Super napaltet’ Epoh HAd1aUePbatment?) Pel et from Acid
Treat ment Supernatant from Acid Treatmen?? Supernatant from Aghd Treat nent
20 Pell et ﬂmﬁ}m@i&pctiu“j - : } .23410 :
Supe[}@at anSupérp@chit 'Fxon BRtraction 24 Pgplet from
Ef f| uent' (Pellut Eod\EFfQukse (amg?ium hydr&Ridet ract ed onl gy Supernatant
from Ef f} uen, { ammonéxwpaeydd vd1g9®> =~ 33 extracted only) 15 a) - The
pellets meswatnpmdmiohnzmm:giiﬁdiﬂ@mﬂm, The wagged cell cream
[

“was extracted with exeraeced dnag)Bi de directly as described above, but
Wi thout prior acidification and.neutralization.

15 a) The pellets were suspended in water for the assays.

b) The washed cell cream was extracted with ammonium hydroxide

directly as described above, but without prior acidification
and neutralization. . '

EXAMPLE XII

20 The previous Example was repeated except that the cell cream in this |
instance was an effluent from a fermenter utilizing the yeast Pichia pastoris
as the microorganism. The results obtained are shown in the following

Table.
TABLEX
25 _ _ Protein
' % of Total
Starting
' Protein
 Pellet from Effluent® e
30. Supernatant from Effluent - c 3
Pellet from Acid Treatment® ST 79
Supernatant from Acid Treatment -~ -~ 18
Pellet from Extraction® | 64
Supernatant from Extraction 3 o . 13
35 Pellet from Effluent (amrgonium o
hydroxide extracted only) 76
Supernatant from Effluent (ammonium
hydroxide extracted only) ' 21



EXANELE XI'I 20

he follow ng Table. TABLE X 25 21
Proteln % of Total Starting Protein Pellet from Effluenta

97 30. Supérnatant from EffI uent -
Aci d Treat nent

18 Pel | et

ExtractloB

hydr oxi de ‘ext rah? e\aashe{.io‘}*

Ef fl uent

21 a)  The pehdibstiiish.suspended In water for the assays. b) - The washed
cell creamwas extracted with amoni um hydroxi de directly as descri bed

>

R _ - The previous Exanple was repeated -except that the
\.creamin this instance was an effluent froma fernenter. util.i zing the
Pi chia pastoris as the mcroorganism The results obt ai ned are shown

3

~

3 Pellet from
79 Supernatant from Acid Treat ment

a)¥ r onTiex peletsi were suspended in water for the assays. 64 Supernatant from

( ammodirectly yes gébgd(tehﬁypecm}mvﬁhout prior ecxd?flcetmn and

~above, but without prior acidification and neutralization. 5
resslts of t heThéiSi-eshlfB &aﬁﬁi clastir twhcExmwplést ereJebeuevedemoebenmu ive of

EReepesEasthe 81 tfe (0o (300 tolfoia Plsefl’ 3¢ b tRlisl i efie)) |
"neutral i vl hhyl"qt(ﬁmmanﬂ pidttin extracted & $he aeid mmnbytqmbollnvgw a pH
ghf*ﬂéﬁ{rén oA (2% %rrmcﬁvey)gnﬁé)éﬁkeﬁlﬁmdé high #f 10

t he i nven
quantity

during th
extracted

e runs re’lnten

cell cream was %itré?:@e& %ntﬁrﬁ’r‘?ﬁrﬁrﬁuﬁleﬂﬁd&ﬁmm um

ernatant from

21

The
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depefpiencixtbeiddpratsindh the tund thitowe ) ftitehdd B be Bamiaratios umsary S

15

not representative. This assumptnon is based on later measurements of the
dependency of the protein extraction upon the pH. These measurements
have shown that the protein extraction increases ra_pidiy for the above
discussed microorganisms and operation conditions at a pH of about 10.5
whereas little protein is transferred from the cells into the liquid phase at
pH values of from 5.4 to 8. |
EXAMPLE XIII
In this Example the effect of ammonium hydroxide as compared to

sodium hydroxide on the cross hnklng of proteins is determined.

20

Two hundred and forty milligrams of chymotrypsmogen or 240

milligrams of ribonuclease were dissolved in 12 mL cold water and each of

these solutions were divided into 12 screw cap test tubes each containing 1
mb. _These test tubes were kept on ice until ready for use. For each
protein, 0.25 mL of eoncentrated amrﬁonium hydroxide (15 N) was added to
each of five of these tubes and 0.25 mL of NaOH (0.5 N) was added to each

of five further test tubes. The so prepared samples were incubated at 80°C
for times of 0.5, 3, 10 and 120 minutes. - Thereafter the mixture was frozen

and lyophilized to dryness. After the samiple preparatnon the samples were

analyzed by electrophoresis on sodium dodecylsulfate-polyacrylamide gels.
The result of the electrophoresis runs was that cross linking of the

pi-otein occurred in both groups of samples. It was found, however, that the

_rate of cross linking is much slower with ammonium hydroxide than with

35

sadium hydroxide despxte the fact that ammonium hydroxxde was present in
a 30 fold excess to that of the sodium hydroxnde. Furthermore, the amount
of cross linking with concentrated ammonium hydroxide was much less than

conparaf | ve runs are

o



éhave shawn that the protein extraction increases rapidly for the above@_
di scussed nicraorgani sns and operation conditions at a pH of about 10 5
. \Wher eas little protein is transferred fromthe cells into the 1iquid phase

\a; pH values of from5.4 to 8. EXAWPLEZXIII. In this Exanple the effect of
ni um hydr oxi de as corrpar ed to sodi um hydroxi de on the cross |inking of
proteins is determ ned. Two hundred and forty mlligrans of

chymot r yp$habgitHizing 2¢bltn¢| sodivmmbydroxideyon Jhit 48 ca \furtheni repgpiewhy n 12 ni
col d wat er r@%tﬁa&hn%idrh%éﬁhb'tnbctﬁs pRTerrdd \Uade Fob the ekdractiohofap test
t ubes each C ning 1 nL. These test tubes were kept on ice until ready
for use. protein, 0.25 nL of concentrated ammoni um hydroxi de (15
N) was added ta'h'é5s_peciei&0h'rief‘odrgiﬁsmi téterred tbeherelsl dre’8epdsitedd bBOH (0.5

Vgs adq‘gﬂ %g each of five further test tubes. The-so prepared sanpl es
were |ncub 2 at [err] for times of 0.5, 3, 10 and 120 m nutes. Thereafter
the mixture wa zeaa_g;&sj dpmdltasiedJBo Janyaass 19794 elnited sStgies

preparati I ygﬁ".g% e r n

dodecyl suft?ea#ag p yacr Qﬁf:gltﬁf@ i %QQER %%hﬁftg o@a Héfh

el ect r ophd® %MF@VQ%PW‘F]MWHH%?% ein occurred In both
grour)s of Safm'tmlturbt%ﬂIQUdﬁimsitewellErMaidl@tHn? depbsitélly @B Oatsovie, Nking is
rruch \/\E‘é1 hqﬁ?ﬁ #e" roxi de than with sodium hydroxr de despite the
fact t 23R W fas present in a 30 fold excess to that of the
sodi um hydr oxide. -Furthernore, the anmount 35 of cross linking with
concentrated amoni um hydr oxi de" was nuch | ess than 22 that utilizing -
di luted sodi um hydroxide. This is a further reason why presently anmoni um
hydroxi de is the preferred base for the extraction of the NARP. The
specific mcroorganisns referred to herein are deposited as 5 fol | ows:
Pichia pastoris, deposited 30 January, 1979, United States Departnent
of Agriculture, Agricultural Research Service, Northern Regional Research

Laboratory, Deposit No. NRRL Y-11430. Culture HIB 53, deposited 15 Nhrch
-1976 depository as above,

i
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( -containing mxture which corrpr es a) tr xture in '
suspension in a liquid nmediumto eff t transfml\“‘ml“ . z’“J
proportion of the nucleic acid contained in 5 *tfie SCP fromthe SCP to “wé
the liquid medium b) separating tgﬁ’ﬁ!;ﬁ eic acid reduced SCP cells from

the liquid containing the extract ic acid; c)-treating the separated
nucl ei ¢ aC|d reduced SCP cells in a liquid phase with a base at’ a pH of at

| east 10.46, thgr VTR HRARPICE acid
reduced SCP c%lpgg%ln'{'gfo?ﬁr&?&gﬂ?wgge eé‘%ggﬁ@?ﬁg (g% dl |r§t'|c?:l phase

cont ai ni regwgiauceumpmin@fmapomn@nsmmurqw cF“ﬂI'F&'S’@s product ‘of the

process; and &) I gfga¥ing! e SEP %&ﬁﬁstﬁﬂsﬁa)ahﬁoﬁqﬁ almme médnitdy NARP as
a second solid p as roduct of the accordlng

to cl ai meffeci-transfer of A sybatantial PW@"H&EW‘ (ﬁcﬁ‘ﬁ(ﬂ‘ﬁ’l?? Hid r‘%&'?%‘gs‘iﬂ t r eat ment
of - tde S@erscpmwbcpwocthamhdwmedlﬁn A process according to claim2,

wherein the agi\d is 1 pneral r .0 claim 3,
wherein the ac )d F??g%?eu% "“aglﬂ Pégd gs acco ?lgqq'gltﬂnbgﬁq%ereiln t he
aci ddl S Hﬁmﬁd ningthetexteacted zmelmcnhid,am d treat rrent the pH of the mxture
is adjusted toa t b

6 ot boes T, Ebaping g Cadpledtdd ASE dcid ol a5k GaBETALH4A, 51 oD D).

1ge~. Deposit No. NRRL B-8158. L S CLAIMS 1 - A-process. for
p cing nucleic.acid reduced protein (NAW m protein

one Cl al' ns
SCP mi xt Lp!usasmtms bpmen@tpidfofaatflemem-ét twepweagr%m'ﬁ NARBt | east a
por ty m% b%c?&féhu%ﬂatsﬁmbélﬂaidtg%hdlﬁﬁﬁﬁblﬁsﬁg in step b) is

%ecéi dependen‘?)  pRRPEF G peid gl GPASR (Rantn e el NARPTER 800 v

an oxi de&;iﬁtﬂﬁﬁﬁﬂ@ﬂm&ﬁiﬁﬂﬁﬁ@fﬂbﬁdﬁé@mte of a metal, or other cation,

that is pr esent) ! Qeéom%r{n%r nt :%tracped cells contammg remaining NARP as a

second, solid phase, product of the process.

15 B _
2 A process according to claim 1, wherein, in step a), the nucleic acid
is extracte_d by treatment of the SCP mixture with acid and heat.
3 A process according to claim 2, wherein the acid is a mineral acid.

20 ' | '

4 A process according to claim 3, wherein the acid is HZSO,‘.

5 A process according to claim -3, wherein the acid is H2P04 and
(nherein, after the acid treatment, the pH of the mixture is adjusted to a
25 value in the range 7 - 9 prior to separation step b).

”ie
.

6 A process according to any one of the preceding claims, wherein the

SCP mixture is the praduct of a fermentation process and wherein at least a

portion of the nucleic acid-containing liquid separated in step b) is recycled
30 to the fermentation zone.

7 A process according to claim 6, as dependent upon claim 5, wherein
the neutralization is effected with an oxide, hydrpxide, carbonate or
bicarbonate of a metal, or other _eation, that is present in the fermentation



_frredi um® as a trace mineral that is essenti growth of the
m croorgani smthat |s used to produce the SCin“lwu I“mm“““ proc@
accordi ng t,o claim6 or 7, wherein, in step i aci '
k\?\i(j/rtlactlon is carried out using an aggd,, the fani‘on‘of *whi ch is identical

the anion of a mneral salt that is present in the fernentati on nmedi um
as an essential growh factor. 9 A process according to any one of the

prec'ted} nme“dx?h{r&s wharged iniveral thabCR Nésséntisl itadtme emﬁtut C'fofO'i:hoﬁf o
yeast fernentati SS C ording to any one o e
pr ecedi ngMCFoRFAEN @Fg?ﬁuﬁdé?MEgE%s&é@ﬁﬂiF%5| ng a base having a.
concentration in the range 0.5 Nto 15 N 15 11 A process according to
clai m 10, wWher e r i's not
-t he aut hentlcfbp?é&? ﬁéﬁu&}{é‘iﬁ dé&b'gtke%ﬁ ?ré'ﬁ E'l ‘EE‘O bQRENIE[L? a retyped
ver s? on aicid xtrapkion fis catriesh out using agv ameahp@bm oﬁmldpéwdamtmbl ic
| NSPecti Qfith the anion of a mineral salt that is present in the fermentation medium

' as an essential growth factor.

-9 A process according to any one of the preceding claims, wherem the
1C_I SCP mixture is the product of a yeast fermentation process.

10 A process according to any one of the preceding claims, wherein step
c) is carried out using a base having a concentration in the range 0.5 N to
15N, ' | |

15 ' _
11 A process according to claim 10, wherein the base used in step c) is
NH,'OH-. '

This dooument 1s 2ot the authentic text of the granted patent. It is & photocopy of &
retyped veraion of the specifiocation of the granted patemt now opem to publioc inspectiom
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