2175590 : PROCESS FOR THE | SOLATI ON OF FERVENTATI ON PRODUCTS Thi's invention
relates to the isolation'of fermentation products. In the manufacture of

al cokol by fernmentation, sugars in aqueous solution are converted into

et hanol 5 by fernmentation with yeast. The yeast grows during the
fernmentation and al though a small proportion of the yeast may be used in a
subsequent fernentation process, the remainder of the yeast conngygﬁgfgﬂy
excess that nust be disposed of. Wiile this excess 10 yeast ha f

uses, e.g. in aninmal feedstuffs and the nmanufacture of yeast extracts, the
quantity -of excess yeast produced is |larde-and its narket value is

rel atively | ow. Lab&%c%%é'ﬁoﬁe&ﬁﬁniéétgffoﬁfoﬁhﬁéaﬁér +70N Prbppcdd!t ©
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fermentations of cercain paper
manuf act ure. The eFceddcthas Bussxbesdispasedi ofa cﬂhléﬁtéhi%t¢%°%§sall

these 'ndUSiéla|yﬁ%@&eh%%SsoﬁEn&bégraE|§ | gheafshallage888EuEFOVENA N recent
the manufacture of yeast extracts, the quant1ty of
excess yeast produced is large and its market value
is relatively low.
Large scale fermentations of this kind fall
15 into three broad categories:
(1) Fermentations in which the fermented
aqueous medium obtained is the desired end product.
Into this category fall ordinary brewing processes

for the production of beer (a term which, as used
20 herein, includes ales, stouts, lagers and other
fermented drinks based on malt), cider and other
L/~ fermented drinks.:
(2) Fermentations in which the desired end
product is a distilled drinkable alcoholic
25 concentrate. Into this category fall fermentations
for production of whiskies, brandies and other
spirits, and alcohol for use in fortifying other
drinks. . .
(3) Permentations for the production of
30 alcohol for industrial use. Into this category fall
fermentations carried out in some countries on a
.large scale for the-proddctiOn'of fuel alcohol, and
fermentations of certain indﬁstrial effluents, e.g. from vaper pulp
manufacture. The production of excess yeast is a characteristic of
35 all these industrial processes. '

Considerable interest has been shown in recent



-2- years in the genetic nodification of mcroorganisms so that they becore
abl e to produce heterol ogous proteins and peptides, that is to say protelns
and peptides which are not produced by their natural 5 genetic
constituents. A variety of mcroorgani snms have been used for such genetlc
mani pul ati on, and, anpbngst these, yeasts have attracted a certain anmount of
~dnterest. However, yeasts used in |aboratory experiments are not normally .
the sane as the yeasts 10 used in large scale industrial fernentations

i nvol ving the production of alcohol, and the conditions of growth of yeast
in the | aboratory are very dlffEanr fromthose encountered by yeasts in an

i ndust ri ayeakgolial khef gerettiet modifi2ation of mIHQoEQ@ﬁBisﬂEe a group of
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conditions of growth of yeast'in the laboratory are
very different from those encountered by yeasts in an
industrial alcoholic fermentation.

15 - The yeasts are a group of lower eukaryotic
mlcro-organlsms showing biological and biochemical
diversity. ' In common usage the term "yeast™ is used
to describe strains of Saccharomyces cerevisiae that
have commercial value in baking, brewing and

20 distilling. Related yeasts are used in wine making
and sake brewing, as well as in the production of fuel alcohol
from sucrose or hydrolysed starch, and in the treatment of effluents.

All the yeasts used for brewing, baking and Qg
distilling may be taxonomically classified as

25 Saccharomyces cerevisiae. 1Included within this
classification are the top fermenting ale yeasts
(S. cerevisiae) and the bottom-fermenting lager
yeasts (S. uvarum or S. carlsbergensis).

In a strict sense the term "brewers yveast” differentiates

30 _yeast used in brewing from all-other'yeasts in that it is a
yeast strain which is used to make beer, i.e. a

~ strain of yeast used currently in a beer
_ manufacturing process. Such yeasts must be able to -
produce a palatable acceptable beer by their fermentative
35 action upon nhopped or unhopped malt extract (brewers

‘wort). The primary products of this fermentation are



35 action upon hopped or unhopped nalt extract (brewers wort). The

primary products of this fermentation are -3- ethanol and carbon
di-oxi de, which are essential constituents of beer. However, not all yeasts
bel onging to the species S. cerevisiae are capable of fulfilling these

requi.renents. Indeed, the critical 5 factor in this respect is believed
to be the ability of the yeast strain to formin subtly bal anced
proportions, quantitatively mnor netabolic products such as esters, acids,
hi gher al cohols and ketones. A yeast nay Be-~unsuitable for brew ng because

one or 10 nore o WRO .abglic.prod [ r .1 excessive
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general Iy fernentrgggiizé to one another. (Rainbow, C.A., 1970, In
. ¢« C.A,, '
"The Yeasts", eds, Rose, A.H, & Harrison J.S. Vol. 3,
p. 147).
15 In a general sense bréwefs yeast is
differentiated from other yeésts by the properties
which it possesses. Most strains of industrial
yeast, unlike laboratoty yeast, are incapable of
undergoing mating; they are said to be homothallic.
20 Industrial yeasts are usually aneuploid or polyploid,
and there is therefore a reduced incidence at which
gene mutations are phenotypically detected. Most
polyploid strains do not sporulate or they produce
spores of very low viability, thus frusttating:any
25 meaningful genetic analyéis. These factors together
tend to confer a measure of phenotypic stability on
industrial yeasts which may contribute to their’
selection for industrial application. Similarly gene .
dosage which is associated with high ploidy may
30 contribute to the general fitness of such strains fof
fermentation as compared to haploids and diploids,
which generally ferment poorly. | -
In addition, brewers yeasts have certain
technological behaviour which equips them well for
35 interacting with their normal environment, i.e. brewers' hopped wort,
' for example the ability to ferment at the top of the fermentation
vessel (ale ywast) or the bottom of the vessel (lager yeast).



* that .25 the new proce

In addi tion, brewers yeasts have certain technol ogi cal behavi our which ¢
equi ps themwell for 35 interacting with their normal' enVironnent, i.e.
brewers' hopped wort, for exanple the ability to ferment at the top of the-
fermentation vessel (ale yeast) or the bottom of the vessel (l|ager yeast).
#4- In European Patent Application No. 84308981.4 in the name of Bass PLC,
publ i shed under No. 147198 there is described and claimed a process for thé
producti on of ethanol and a pretan or peptlde mhlch is heterologous to 5

yeast which conrpri t| r b cont ai ni ng medi um
with a yeast s{}?’algzﬁ %ﬁmr?a;s eﬁ%eﬁpg $’ gy“gog&%rlo 4pdcapabl e of
expré@ﬁ RGmE H@t@ﬁ&ﬁo@@&b mm&h&ahe@-qnderlmu. 140d9er ithgrehéset hanol so

for naé,scqri@egbta@dmdj[glm galpqotyetspsr ¥ ggaﬁ %r%rd%cq,i%r ;)(} peptide fromthe

fernmentati roducts The invention o CatioRis based on the

di sc§YBAR d @ PLOLEdY Orre Peptide wihichn ﬁn@@§@#9&b§9@ﬁn$ntatlon
i Bvolyeiass uhécprcdm@tu@hsoﬁeahﬁﬁhﬁhg GﬁnQHMQQMEYcHP965989a¥§aSt capabl e of

expr 5 0 n,or e.. Surprisin it was found
Chat CoReedndngendBaEhOWIUR S, BEQ5E S+ PhiB RhLR: RARSPRFAl or brewery
fernﬂﬁﬂ&$ﬂ6ﬁ1é3napﬁﬂéﬂsd tnl§ensaosbﬂhapftbapenssssgyeast obtained in tpe

7 eSS Rogacg e et gegehak e SISO PUEh Gl P L, T

t hus chas gu é ﬁ ﬁed |g
pr odf@FPESnaARg P éaﬁP R8i 5he sBidcheeradogpus: prasains PSN, and the
cd@vpeptddel feqmi phenfecmentatdohyppodused.with Little alteration, the

add U onal cosindl 8 aaLRSoE"SplLORGE EMNR HOTS! Ut (RSl I o0

eto B
heteﬁbFS@BEEYpFBF§|ﬁ§ &p B@ﬁﬁﬁbés tRi use,ainhenglindusbalbed, do not conmand™’

a pr €armenpation TﬁealbhﬁgptﬁéepioaﬁceﬂbnaaﬁrSiébﬂofppl'Cat'on s operated
to p&89¥€?e§fl§q 8ditied yeast capable of expressing a- '
15 heterologous protein or peptide. Surprisingly, it was
found that the use of such yeasts is compatible with industrial
or brewery fermentation conditions. This means that the
excess yeast obtained in the fermentation provides a source
of the heterologous protein or peptide and thus has much
20 enhanced industrial value. Further, since the alcohol
product remains the principal objective of the
fermentation, and the conventional equipment can largely be
used with little alteration, the additional cost of
- producing the higher value yeast product is small, so that
25 the new process may provide an economically viable route to
heterologous proteins or peptides which, although valuable,
do not command a premium price. '
. When the process of our aforesaid
Application is operated to produce an agqueous
30 potable liquid such as beer, at the end of the
' fermentation, the fermented liquid is separated from
the yeast (and normally any other solid material
present in the fermented medium). In these circumstances,
it is'clearly desirable, and indeed normally essential,



30 potable liquid such as beer, at the end of the fernmentation, the
fermented liquid is séparated fromthe yeast (and normally any other solid
mat etsi al present in the fernented nedium). In these circunstances, it is
clearly desirable, and indeed nornally essential, -5- that the fernmented
liqujd shall not contain the heterol ogous protein or peptide, since it is
normal |y unacceptable for the heterol ogous protein or peptide to be present
inaliquid which is.to be drunk. 5 _ = _ In the said Application it is
stated that, in such circunstances, the %eterologous protein or peptide may
be obtained fronthat Yhesfermented | hiquid Bhalkanal qantadmedde inventi on,

the fermentati Onhééeﬁéliééé\ﬁls %‘Eot@ﬁ?roﬁ%@béiws Sifde tihati d i rha nigast
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production o anol and protein or peptide ch 1's heterol ogous to
yeast conprises ¥%F?r’é‘h’t?9®“%r?%ﬁ|%%s°’caﬁﬁiﬁ1iﬂﬂ a?t-’e-&‘cﬂﬂ ugedng TREHum with a
yeast strain whigbrhabl peLftEeneie qpéégtmfbah tgeparated from the

fermented liquid, expression of the hetero;ogous
protein or peptide is induced, and the prbtein or
15 peptide so obtained is'separated from the yeast.
Operation in this manner avoids the risk that the
fermented liquid itself may become contaminated with
the heterologous protein or peptide. It also avoids
"any risk of the alcohol production being compromised
20 by the presence of the heterologous protein or
peptide during the fermentation, and in particular by
the syhthesis of the proteih or peptide adversely affecting
_ the ability of the yeast to produce alcohol by
" fermentation.
25 According, therefore, to the present invention,
a process for the production of ethanol and a protein
or peptide which is heteroloaous to yeast comprises
fermenting an agqueous carbohydrate-containing medium with a
yeast strain which has been genetically modified to
30 be capable of expressing a heterologous protein or
peptide under conditions such that the yeast
multiplies but no expression of the said heterologous
' protein or peptide takes place, recovering the
ethanol so formed, inducing expression of the said
35 protein or peptide by the yeast, and thaining the said
heterologous protein or peptide therefrdm.



30 be capabl e of expressing a heterol ogous protein or peptide under

condi tions such that the yeast nultiplies but no expressibn of the said

het er ol ogous protein or peptide takes place,.

forned, inducing expression of the said 35 protein or peptide by the yeast,

~and

obtalnlng t he sai d neterol ogous protein or peptide therefrom

‘variety of different systens have been described for expressing

het er ol ogous genes in yeast.
growt h of new cell

recovering the ethanol
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I n nost cases these systens depend upon the
bi omass under eofditions which facilitate the efficient

transcriptjion and 5 transl ation of the gene of interest, so as to produce
rel eva‘ht"apﬁ"tﬂtél Phordifffnent syshanserhave teetodesenibedsifor syst ens,

t he
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Appl 9€RE Gxpression system compatlble with the contemplated
15 ethanolic fermentation. Some known systems are lnappropriaté.
For example, glycolytic gene promoters of yeast can Be_used to
induce the-production of heterologous proteins in yeast cells.
Large amount of yeast biomass can be obtained by growth in
a medium containing a non-fermentable éubstrate as a sole
20 carbon source; gene expression can then be induced by the
- addition of glucose which stimulates the transcriétion of
the glycolytic gene promoter, e.g. PGK (Kingsman and Kingsman, :
1982, European Patent Application, 0 073 635, Expression S
Vectors). A similar system which utilizes the Acid ™~ _
25 Phosphatase gene (PHOS5) promoter can be used for inducing.
gene expression under conditions of inorganic phosphate '
starvation (Hinnen etal, 1983, European Patent Applicatién,
0 100 561, Yeast hybrid vectors and their use for the
production of polypeptides). Thesé known systems for inducing
30 gene expression in yeast require,'however, thé-use of a |

defined growth medium upon which to produce large amounts of

ke expression



0 100 561, Yeast hybrid vectors and their use for the production of

pol ypeptides). These' known systens for inducing 30 gene expression in
yeast, require, however, the use of a defined growth nedi um upon which to
produce | arge amounts of -7- cell biomass. Furthernore, in the case of
the glycolytic gene pronoter, growth upon a non-fernentable carbon source
requires the presence of oxygen. Thus neither systemis generally
applicable to fernmentati ons by brew ng yeast, .5 since the brew ng process
is substantially or in part anaerobic (oxygen free) and the growth nmedi um
IS brewers wor a i vel l,ex n1xtur sugars ,whi.ch
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yeast) and (|iﬂcfﬁhé§mh5¥%aséN4ﬁan uégsgeast (Botsteln et al, 1984, WK

Patent Application GB 2, 137 208A, S he GAL1 pronote These
Systens WLilize hoat A AT ERR 9%31?&% QRGIPS GeTE FHPLE gsgsnem
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brewers' wort does not usua contain ficient acto to effect t
expression ofIR E%%%tck’%%@e¢%g’cﬁ AT NFGHRRY to G(ﬂﬁ'g-@@éﬁﬂey expgegsion with
gal act ose- r egith a £fe GEHE EXPEGSEE] OIS WH KU 1 hd¥la YN sotoptesentbiaw ng
yeast during Bpgwgggrégrefagdbggérferfgghﬁléeﬁg expression systems for

15 inducing the production of heterologous proteins and

polypeptides in yeast and suitable for use in the present
invention, include: (i) the heat shock promoter (HSP90) of
yeast (Finkelstein, 1983, WO 84/04535, Heat regulated
production of selected and fused proteins in yeast) and (ii)

20 the GAL1 promoter of yeast (Botstein et al, 1984, UK Patent
Application GB 2,137,208A, The use of the GAL1 promoteri.
These systems utilize heat and galactose, respectively, to
stimulate gene expression and each could be applied in the

~ “present invention. The application of a galactosé regulated

25 system is particularly useful since brewers' wort does not
usually contain sufficient galactose to effect the expression
of a galactose regulated promoter. Consequently, such
galactose-regulated gene expression systems are not functional
in brewing yeast during the course of a beer fermentation.



-8- The yeast strain used in the new process nust, of course, be suitable
for the type of industrial fernmentation contenplated’ This objective my
be secured by carrying out the genetic nodification on a yeast strain which ..
is known to 5 have the desired characteristics, since it has been found
that the desirable characteristics which nake a yeast strain suitable for,a
particul ar type of industrial fernmentation can be maintained during the
genetic nodification. For exanple, where the fernentation is one for
produci ng beer, the yeast 10 strarnfchosen for genetic nodification is

pref erabl yrhe kieestr Strain asdd dnerhe yewsprocessnmugtysed cougsel

f er mgnt ati.Qns. r.ead ted . i steri al ai.ns of brewers yeast
havg%&a?rua%%t%%rlleéﬁo?s tgjl%h)‘E _%nt(?J c%f rl%)'#ﬁ@ﬁ%%‘iogfe;ﬁg %:a?i ggy yeast", including
i n pacntewpdated afihis phiectdvee mayhdspsecusedr bilecermying Brdwers wort

s e%‘i@‘%ﬁéﬁi@ ol FARR X OrAG! yala sRlsked iRALNE N0k sOkRBWnIESI NS
prepared steepi ng, and germ-nati.on and fl avoured th Eogs. The nost
i oA %’&reﬂ?&’-&' WA dStiCs ry §38C ey AGWOR SakGeRet N8 sm are 20
car banadr aine aws inadbleg aharandt eariistd cac Wi chomakei ki geastheseaiary from
country. tQ . couynt rewery br L €elomer .i.ng .apd Br &w ng
Soi orfai e 107 MR tybepot! dnineltlad® s rmentifibld Al ©
St evére Raigt@iveghguring theogenetispmedifigataon. | Fedosxam@lrew York, 25
P- 45G1t3% tHd f@aRintlation 8% RAeS T Dralduliagebeer, the YRAEtCONtains 5
towlo %Qf t Qt al f%rrren'table sg{gﬁr}%.per . 100 .l _of vvora% at |east half of
whi E R IR TRSEn AR ASOIRHL S BRI SRNIOR At PAGTEE2Padse §PGYPh 5 and
p_erfgy'umcaieh:_ev\(gkjs' @easth cuxctemtdy uBedsdn sochddesmestatdesssuch as W/
b'Ot%& éfyégaﬂuioﬂéd¥ﬂgd@ﬂ'}ndustrial s;rain; of brewers yeast
have characteristics different from those of "laboratory
yeast", including in particular the ability to ferment hopped
15 brewers wort. _
Brewers wort is essentially a hot water extract of
malted barley or other grains prepared by steeping and
germination and flavoured with hops. The most. important
parameters with respect to yeast growth and metabolism are
20 carbohydrate and nitrogen (ard amino acid) composition.
These vary from country to country and brewery to brewery,
" see, e.g., "Malting and Brewing Science", Vol. 2, Hopped
Wort and Beer; by Hough, J.S., Briggs, D.E., Steven R. and o
Young, T.W., 1982, Chapman and Hall, London and New York, A
25 p.456-498. 1In general it may be said that brewers



pyrldOX|ne pantothenic acid and nicotinic acid. In general brewers wort is
a rich source of these fattors, which are depleted during yeast growth. 10
(2) "Mnerals. The mneral requirenents of brewers yeast resenbl e those of
nost |iving organi sns. Brewers wort neets these requirenents, supplying
trace anpbunts of netal ions such as iron, potassium magnesium zinc,
manganese and copper, which are 15 essential nutrients for growth and
fermentation. The nost significant diffePence between a | aboratory culture

medi um and a brewgkg %httah.ﬁst Betsugar Cefpeétaloae%eﬁb%ﬂ@démréfbst
| aborat ory nedi a utlhga ose as the chlengfg g 8?120 car bohydrat e,

wher eas mal t ose P§Tt f@PﬁﬁntﬁEl%e€6ﬁs GRrts Brewery

fermentations nomaﬁkbyetake the form of anaerobic (oxygen free)

fermentat i ons. However nagYggRah s e3cBbk BEwhEGH! isgggénége,(ygsg Lot h i n

the 25 initial stages-o er nen abor [ ONS are
desi gned to faxi AP ePFﬁéOYEa§FebP§ﬁass(yﬂelﬁigﬁthEQSJhEEf fEheRt ati ons

concentrate uponjgthagel substdnaed Buedust Hia¥eoH! - tifba&'ﬁlﬁéi' H@&f’ief&dix?”
rate ("-pitching rate" tio

ot el o b PR hLaREnes PaREPEReeERoBab e Eh hipatnet dbgn vopl

doublings (cell generali bneyers wedticid aorbehmeeureeamﬂ these

fernentation. Th@aggg ntgﬁ&gﬂ g% bgggl @Q&tdhflggp atur Pow €@1r|ed out at

a tenperature withint ran at the upper end
of this - -180 (Zﬁanﬁéﬁséib§-15TPB Pé??}abeFﬁQuﬁ§€®e0h%n° hRE@WeKRICt i S
al e, and a tenpeyaasterekefible Bhooeldf(CmbetnUivishg wb@awishe, product is

'ager. Under labgratory ¢OpE! hools: eNE8S" Pedlfr SHbMEY X EpG ySagn 1 cantly
trace amounts of metal ions such as iron, potassium,
magnesium, zinc, manganese and copper, which are

15 essential nutrients for growth and fermentation.

The most significant difference between a
laboratory cul;dre medium and a brewers wort is the
sugar composition of the medium. Most laboratory
media utilise glucose as the chief source of

20 catbohydrate, whereas maltose is the chief
fermentable constituent of wort.

_ ~Brewery fermentations normally take the form of
anaerobic (oxygen free) fermentations. However,
oxygen is a prime requirement for yeast growth in the

25 initial stages of fermentation. Most laboratory '
fermentations are designed to maximise the yeast .
biomass yield, whereas beer fermentations concentrate
upon ethanol yield and product flavour. Thus the
inoculation rate ("pitching rate®) of a beer

30 fermentation is higher than would normally be used
‘'in the laboratory. Consequently, the number of cell.
doublings {(cell generations) is reduced to between 2
and 4 per fermentation.

The fermentation of beer. wort is normally

35 carried out at a temperature within the range of 8

to 25°C, a temperature at the upper énd'of this



5 hi gher tenperature, e.g. 25 to 35 C. Simlarly, where the industrial -
fermentation is one for the production of alcohol which is separated by
distillation, it is necessary to. use genetically nodified yeast obtained -
froma strain suitable for 10 such fermentation. |In such fernmentations,
the source of carbohydrates may be, for exanple, grain, potatoes, cassava,
sugar cane, sugar beet or a lignocellulosic material and may optionally :
have been pre-treated, e.g. by chem cal, enzym c or physical nethods, to
convert cellulose and/or 15 stat@h-therein into fermentable sugars. The

genetic FRAGS|caLypn1sftyeasPerBying 6hEachRenYnt hEra@RLECELT O of known
techni qu | e net hods are_descri bed she | |terature and

e
partlculﬁfene?ﬁ%dg Lemegr3tRrenofne- %xaﬁpF%slﬁeFoRP pg used A wide range
of het ershegeusherptedustoispkageres undebelekprassed in the yeast. By way

of exanvesna?Eiaﬂgangx?Qesnﬁggtgélgfaxe§§§§909h§§%9§£§%§gctaﬁase

bet a- gl ucanase ase ¥o|ogous 25
pr ot ®i nsh bﬁﬁebeb?mﬂé§aFHE?udé'ﬂat%$|5933% Chuman origin and/or useful in

t herapy, such sts:nbyarﬁnyﬁewerral bHE Dn@aslc (AYNEELRENLAESon Methods are
ation of _m croor gang_%ms

d bed th t d

o enabl €t nEM ' she.r SadeEron’ ob "S1FERE nLRR' Leptoratacade foltom ni
Exanpl esby|distiblatiom, i hvebsi necessavyectdetsel gendbicelpt figures of the
ggconpanuéagfﬁé i Qéts@ew5£ﬁé@ef§éﬂeéyi%gai&bgéiegﬁi%»ggpf plasmd pEHB

onuc seguence o Sequence of the
HSA Jc@)NA?‘Q‘éheferme“!?t“E- 5in hBW%oﬁ?%ei‘égtb‘hnﬁodth? c8@uBPeand si gnal

pepti de sgqoaerbehpdratédmay be, for example, grain, potatoes, —’
cassava, sugar cane, sugar beet or a lignocellulosic material
and may optionally have been pre-treated, e.g.jby chemical,
enzymic or physical methdds,fto convert cellulose and/or
15 “starch thereln into fermentable sugars. _
The genetic modification of yeast may be
effected by the application of known techniques.
Suitable methods are described in the literature, and
particular methods are given in the Exaﬁples below.
20 A wide range of heterologous proteins or
peptides may be expressed in the yeast. |
By way of example mention may be made of enzymes such
as beta-lactamase, beta-glucanase, and . .
‘beta-galactosidase. Other useful heterologous _ [
25 proteins and peptides include materials of human '
origin and/or useful in therapy;_Spch as human serum
albumin and immunoglobulins. Methods are described
in the literature for the genetic modification of |
microorganisms to enable them to express such
30 proteins and peptides. _ S
The following Examples 111ustrate the inventlon
in more detail. The eight figures of the |
accompanying drawings show respecﬁively:
1. Construction of plasmid_pE&BIL_'
35 2. Oligonucleotide sequence of the HSA primer
3. DNA sequence of the HSA cDNA'gene



5. Construction of an "authentic" HSA cDNA (MET-HSA) 6. Plasmd pEK113 5

7. Construction of plasmi'd pEHBI|-MET-HSA 8. Construction of plasmid

pET13: 1 MET- HSA EXAMPLE | Bet a- gal act osi dase production in Brew ng Yeast

Bet a- Gal act osi dase (EC 3.2.1.23) is an enzynme 10 (protein) which hydrolyses
the germ nal non-reduci ng beta-D- gal actose residues in beta-D gal act osi des
such as lactose. E. coli beta-galactoside is the product of the Lac Z gene
which is located at map p05|t|on 8 m-nuiles on ‘the E. coli chronosone

(Bachmann, B.J., IH ac s erond%$¥3ﬂ§q1 éT@% iy sq9n£§0) The Lac Z-

gene forms part of the a ed a central role in the
el uci dati on of R?Rﬁkﬂﬁmﬁ?QPQﬁﬁﬂrQﬁckﬁlqﬂane act|V|ty in the prokaryote E.

coli (Beckwnth 5.).CoddvRuct idh "dharraluthentictl 520 cotd. (Merlesa)J. H and
Rezni kof f, &)Ja %toti] r%lﬁbor Laboratory, Cold Spring Harbor, New
York). In recen? FGP 4 ctural gene for beta-gal actosidase (Lac 2)
has been used |‘h. mmuc;nmmumglasmm@m-umsmat the 25

am no-term nal . - gal [ r.Qt gicih_h&anN0ot essential for
enzymat-ic act|V| ty (I\/U ']h?c 'fl@glqasﬁlﬁ'd& ni e}%?’ ?E?Q?%,A Nat ure, 149,
p.561) AThis has facilitated the cEAMBEE iIon of many gene fusions, in

whi ch the 5' EEXEJEhIHﬁﬁﬁﬁﬁd&ﬁe;ﬁﬁbdﬂltﬂdﬁ:55 g&@@1®g0&éasﬁonding to the

n ?LZ‘SQ""LeﬁQdf st one PRSI AREE, (R 1200 s g Oy eppyma I 7O
repl aced bﬂ%nwwmlﬁhmmsglm megmflmmh aiom-geducidg genes
(Casadaban, “ﬂJbe@%—ﬁﬂgaﬂéﬁﬁ%se“¥5§¥ﬁuég iR HeRE- -G actddides Shth but
prQtei ns obtalned
lactose. E. coli beta-galactoside is the product
of the Lac Z gene which is located at map position 8
minutes on the E. coli chromésome (Bachménn;_s.d.,
15 1983, Microbiological Reviews, 47, p. 180).  The
Lac 2 gene forms part of the lac operon, which has
played a central role in the elucidation of the
genetic control of gene activity in the prokaryote E.
coli (Beckwith, J., 1972. 1In "The Operon" p. 11,
20 eds. Miller, J.H. and Reznikoff, W.S., Cold Spring
. Harbor Laboratory, Cold Spring Harbor, New York).

In recent years the structural gene for
beta-galactosidase (Lac Z) has been used in DNA
mariipulations. It has been shown that the

25 amino-terminal end of the beta-galactosidase protein
is not essential for enzymatic activity (Muller-Hill,
B. and Kania, J., 1974, Nature, 149, p.561). This
has facilitated the construction of many gene
fusions, in which the 5' - coding segment of the

30 Lac 2 gene (corresponding to the N-terminal end of
the protein) has been replaced with other DNA
sequences. In these gene fusions, the gene

transcriptional promoter of Lac Z is replaced by
. analogous DNA segquences originating from different
35 genes (Casadaban, M.J. et al, 1980, Journal of
Bacteriology, 143, p. 971), but proteins obtained




retain beta-gal actosidase activity. The Lac Z gene of _E. coli was one of ’
the first prokaryotic chronpbsonal ~genes to be expresseéd i'n S. cerevisiae
(Panthier, J.J. et al, 1980, Current 5 Genetics, 2, p. 109). In this
denonstration the native E. coli Lac Z gene was sub-cloned into a yeast/E
coli shuttle vector (plasmid) and introduced into |aboratory strains of .
yeast which do not possess endogenous bet a-gal act osi dase activity. However,
the 10 | evel of gene expressianignd thus enzyme production was inefficient
Mor.e recently, gene.fusions have been construtted in

using this sﬁﬁgem
whi ch t REtRA M, S8k 8RIASE OS5 95 ACEAViERE syeast cytochrome O gene (CYCL)
has repl aced what Lak IZagede oEh@Esecold waslbneadfZthesicargthave been

i d Anstaraelial. Lata T al ) f wh h
e Do BEdxalyeli AN EhatRELANL Wihdel BROBE YobrBeRRaM 0 YoOST, uhere they

(Guar enfa,_ceredigipeadRaathieryod: J.Pegcaddi A§80ef Cunsenst i onal Acadeny of

20 s5Sci gapRticH,S2A p.78090. 2¥R9khisDaledonddrardbnsitheof the CYd - Lac Z
gene fuSTons S | evel s -.gal act osi dase produced in

that the | %L Beta
yeast dP&5EIE < LGRS & 9°B§UMAS ENPRGI9ReOy 1858n 3 or cytochrone ¢
(1.e. ayeasttgEi.ocoldfi shathde vectorel(piazdmidlr ami intgbdaeced) . (GQuarent e,
L. and h KR I hi hesls - n used to study
t he reggFg?igﬁbg%até%§13§5fgggi8% &%xﬁgt%h5?§k§F§§?§sg§§8Q§§karyotes at the
| evel ofnOREeNPASsOLtPrggdacosidase ackivisyypeadioveyer .gbhe, DNA sequences

whi glp r eevleat @ eDYenker arpeeisiioan aad BNAsPeheFReapeclucikava been I ocated in
t wo rgg%%ns.%géEneaHIQSQ).of %EgSCOdlnﬁ seqﬁegcgs.for &h? cytochrone c |
pr ot ei n. &né eS8 degt séaﬁé Ras 1M7& £85EBE EIr0se to 35 where
t ranscr geneofusionsahaye bleenochestractedt ieawhdtht bbei nitiation region aHH/
containgrggsgggbgthgﬁ promoter of the yeast cytochrome Cl
gene (CYCl) has replaced that of Lac Z. These gggl -
15 Lac 2 fusions have been introduced, by
transformation, into laboratory strains of yeast,
where they have been shown to produce enzymatically
active beta-galactosidase {Guarente, L. and Ptashne, -
M. 1981, Proceedings of the National Academy of
20 Sciences, U.S.A., 78, p. 2199). Detailed analysis of
the CYCl - Lac 2 gene fusions has shown that the
levels of beta-galactosidase produced in yeast

display the pattern of regulation normally seen for

cytochrome ¢ (i.e. a reduction of synthesis in cells | w
. 25 grown in glucose). (Guarente, L. and Ptashe, M.,

1981.) 1In this way the Lac Z gene has been used to

study the regulation of gene expression in both

prokaryotes and eukaryotes at the level of DNA

transcription. '

30 In the yeast CYCl gene, DNA sequences which
regulate DNA transcription by RNA polymerase II have
been located in two regions upstream (5') of the
'coding sequehées for the cytochrome‘c protein. One
of these regulatofy sequences is situated close to

35 where transcription initiates; the other is upstream
of the initiation region and contains an activation



- 13 - site which enhances gene expression (UASc) (Guarente, L. and
Ptashne, M 1981; Faye, G et al, 1981, Proceedings of the National Acadeny
of Stiences, U S A, 78, p. 2258). CGuarente and co-workers (1982, 5
Proceedi ngs of the National Acadeny of Sciences, 79, p. 7410) have shown

t hat , ot her genes possess upstream activation sites (UAS), in particular the
GAL10 gene of S. cerevisiae. These workers constructed a gene fusion in

whi ch the UASc of CYCL was replaced by-th® 40 UAS of the GAL10 gene.

Furthernore, the e o) ' retain ranscrintion
initiation regi oﬁ?ggf wé@ ,ng\?{‘fggﬁ f%r?% héexé_gegs%{%gggﬁﬁéé ?é(;uoqrie,ﬁseL!ch t hat
an enzynmatical | ybacangdePbashngal Met 12§ nsRaye, Fokkeal i nl8Bdast transfor med

15. with plasni dppblediays NGE! E8e MWD i ShAEEcAdms a8 SiGHKR)s, The -

regul ati on of gen Y | - s wel |

under st ood. The ?rén%criﬁroﬂalzgg %EESSEW%W? rﬁ‘:& ‘b%‘@'imﬁ,wfé’muo

and GAL7) enBodi hgoeaedimgsrefjuthedidbionak Acdddmy icinSdiersdest O, i S

dependent upon tr i pLLON ty o) i

(Coni mar v. " 10572" | PREES RREPBhods" (AL BuREE Ylte Qlpdeledl Ups¥inhn

‘Met abolNbsm and CRebivapierssbres 2UASE, i Rarticular &theyGAL 0 enecy| d

ggrL i4ng tHfir b?r LabQ[st oea:e@éﬂa§pritm§ar¢5){kewv$a€§§r]&9uctﬂm Alydrd y of the
activator ppote€rn 10 pfonot r Cri 0 es e |

reversi bly inact THate% Y ‘Fiﬁ’edbr@b%c‘?ﬂ%‘f ?ﬁeﬁﬁ%eﬁﬁﬁ%% %6‘3

repressor prbOeiBAS &l tlne 0GAL1G gémeightFumthembre, tthe QMO fuiessor

protein thereby ! SALK, | | 4 s it cription

of { the galactose§ﬁ§ggc€??%fnenes?a#%gm%gféoféﬁi§§§%ﬁﬁﬁi iﬁ%ﬁgﬁﬁiﬁﬂqi subj ect

to induction by §egieRrbsefG¥Cheincfugathcto dehe had Aang Afakrente, L. et

al, 1982, coli, such that an enzymatically active

| beta-galactosidase is produced in yeast transformed

15 with plaémid DNA carrying the hybrid gene (plasmid
pLGSDS).

' The regulation of genes involved in galactose
metabolism in yeast is well understood. The
transcriptiohal-expression of three genes (GALl,

20 GALl10 and GAL?7) encoding enzymes required for the
metabolism of galactose is dependent upon a
transcriptional activator encoded by the gene GAL4
(Oshima, Y. 1982, in "The Molecular Biology of the
Yeast Saccharomyces: Metabolism and Gene Expression"

25 eds. Broach, J.R. et al, p.159, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York). The
ability of the GAL4 activator protein to promote
transcription of these genes is reversibly
inactivated by the product of the GAL80 gene, (GALSO

30 repressor protein). Galactose is thought to bind to
the GAL80 repressor protein thereby freeing the GAL4
activator protein to promote transcription of the
galactose- specific genes. The GAL10-CYCl hybrid
promcter is subjeét to induction by galactose in the

35 manner described above (Guarente, L. et al, 1982,



- 14 - Proceedings of the National Acadeny of Sciences, US A, 79, p.
7410). Thus beta-gal actosi dase production is induced by galactose The
production of E. coli beta-gal actosidase in 5 brewi ng yeast In order to._:
i ntroduce the beta-gal act osi dase gene of E. coli, expressed fromthe
GAL10- CYCl hybrid pronoter into brewi ng yeast strain NCYC240, it was
necessary to sub-clone the CUP-1 gene present on 10 plasm d pET13: 1. The
acconpanying Figure 1 outlines a scheme whereby the Xbal DNA fragnent of
apprOX|nater 2.85 kilo base palus-carrying the CUP-1 gene was sub-cl oned
in the g %%s pl asm d pEHBI

cont ai +5—5 ' $'rain NCYC240 was
prepar et.SoA. traasfpnnﬂﬂiﬁd-mnﬁhuplQsﬂﬁdngHBSPsbﬁaﬁWe fol | owi ng procedure.

The yeagt gﬁétgg Wosi RndQ0al gnggggbqggglogllltre yeast extract, 20g/litre
pept one 3 suppl egented with vV g uiose tq early, exponentlal growt h
phase; wnga &R§183%8 18 water prior to

ressispepgeRgngnyd@edy Tris HC buffer at pH7.6 contai ning 1M Sorbitol, 10mV
dithiothrerto ﬁ nd.40[ err e r.a (Kirin 25
Brewery Co. L B)c’éf]e'éog ]“ %Pé%g‘% %ﬁ% it I %%&g%tlon%% yeast cells ‘%e
convertgédnentb Eghepbgbasﬂgrﬂﬁssﬁ §Femh&hﬁeﬁﬁé&QbﬁE&én@mbﬂuﬁht|on and

washed FPBEStEkmﬁﬁtbnbggmnef y8ase! gfzka@ncmw:rmg itMJg@rbitol, 10nM [err]
| OnM Tr HCL at hér opl asts_are 30 final gétresuspended inlm of a

sol ut i oReERSSRF¥oEBi EBP-CLBRfI FBRr EURLDL\AERES PHEE 6 and 100 [err] is
added t@liEﬁthbEwtasmLdhaEHBbbmpIhySnglrugmmeia|amﬂﬂiue§j&u room

ZS&FSLI”‘%%E’%@%Eksegs%“ff&%ir_ésoéﬁ"cs%%sré 4 Sroapenader Dy 6"
-2.85 kilo base pairs carrying the CUP-1 gene was
sqbfcloned in the single Xbal site of pLGSD5, to form
recombinant plasmid pEHB1ll, containing the GAL10-CYCl
15 promoter. '

Brewing yeast strain NCYC240 was prepared for
transformation with plasmid pEHBll by the following
procedure. The yeast was grown in 100ml YEP medium
(10g/litre yeast extract,: ZOg/lltre peptone)

20 'supplemented with 2% w/v glucose to early exponentzal
growth phase; cells were harvested and washed in cold
sterile water prior to resuspending in 10mM Tris Hle
buffer at pH7.6 containing 1M Sorbxt 1 %“mM ) LJ
dithiothreitol and 40pg/m1 ZymolyaseL§000 (erln

25 Brewery Co. Ltd) at 30 °c. After 1.5 hours incubation
the yeast cells are converted into spheroplasts which
are harvested by centrifugation and washed three
times in 20ml of a solution containing 1M Sorbitol,
10mM CaClz,'IOmM Tris HC1l at pH7.6. Spheroplasts are

30 -finally resuspended in 1ml of a 'solution of 1M
Sorbitol, 10mM CaCl,, 10mM Tris HCl at pHT7. 6 and IOOPZ
is added to 15p[ of plasmid pEHBll.. This mixture is
incubated at room temperature for 30 minutes prior to
the addition of 1ml of a solution 'of 40% polyethylene

35 glycol 4000, 10mM CaCl,, 10mM Tris HCl at PH7.6.
After 2-5 minutes spheroplasts are harvested by



After 2-5 m nutes spheroplasts are harvested by centrlfugatlon and
gently resuspended in 0.5m NEP Sorbitol nmedium([err] 2g/l , [err] [err]
‘0. 25g/[err], yeast extract 2g/[err], peptone 3g/[err] glucose 40g/[err], 1M °
sorbitol) and incubated 0 5 at 28 C for 1 hour before plating in mol t en
NEP, Sorbi tol suppl emented with 3% w v agar and 0.2mM [err] Plates were

i ncubated for 4-6 days at 28 C after mhlc& t me copper resistant col onies
were picked anfeneEnkfugateden andEmentdy sasws@endedh 121%)16m1ayEP and 0.2mM

[err] Transf orgews seolf d‘&&ﬁ%%ﬁdoow @gztg%‘ pl m 4| Bphy pere verified
n

by their ability, to grow,o P a a | mivi4 érr] addition,

t hese transfor rféh &to?lﬁ/é rgeM/t'h YGﬁ%BS"ﬁEGFGn?&éét'al ning 15
gal act ose and tmtdrre)rnm@rglmqm @mtgdf Xgad sorbitol) and incubated
(5-brono-4-¢hl o q ! |.ac | C t he procedure
of Guarente (1983 235 d"f#\%t 13' r% Eﬁ%tq‘%eggn%og\g% , Vol . 107,

eds. Wi, R an qghiiﬁ%aﬁuHPleﬂ@ntfglﬁltﬂeé WZG ageromnds OpRBMuci ng
bet a- gal act osi dasso ur iplGteEHRelre decabared &b%ehgseeag§059ur whi ch i's

not apparent i oni.e ckin EHBI | . ,Thus it e shown by
rreanspng a 5| Btd‘tgsagftt@ra?w%’tﬁ g\ﬁ%ﬁé §§5§§tﬁf‘§n§f’g?ﬂéas\/\ﬁ?ﬁet he”
pl asmi d pEHBI | Bisskas anﬂxﬂﬂa59¢hrpﬁdd¢olN@Pesnppﬂbmeatbﬂ atthves

bete, g2 aciee! e oFR /0¥ S ARRYC MAnGERLELLE" Y JEREaEPOSL o

Uni ted 30 Ki ngdGRRapLaeEe e Pi?ﬁﬁ\lfgesﬂaﬁétevem vn9¥élsg4by thedsti on of
bet a- gal act osi dda ipyodiec girow iond WE@PWag@aryedntaBhewgnympmeast strains

NCYC240 (pEHBHéhs%pd7H 0. 1In addition, these transformants could
be detected by growth on M63 medium conteining

15 galabtose and the chromogenic indicator Xgal
(5-bromo—4-chloro-3-ihdolylébete—n-galactoside)
according to the procedure of Guarente (1983, in
"Methods in En:ymdlogy, Recombinant DNA, Vol. 107,
eds. Wu, R. and Grossman, L., p. 181). Yeast

20 colonies'producing beta-galactosidase (harbouring

' PEHB1ll1l) develop a blue/green colour which is not
apparent in those colonies lacking pEHBll. Thus it
can be shown by means of a simple plate assay that
brewing yeast transformed with the plasmid pEHBll is

25 capable of producing enzymatlcally actlve

' beta-galactosidase.

The yeast strain NCYC 240 (pEHBl1ll) has been
deposited at the National Collection of Yeast
Cultures, Colney Lane, Norwich NR4 7AU, United

30 Kingdom on December 12th 1984 under No. NCYC 1547.
Induction of beta-galactosidase production in brewing
yeast ' ' o

Brewing yeast strains NCYC240 (pEHB1l1l) and

NCYC240 (pET13:1) described in the aforesaid Patent
35 Application were grown in aerobic shake flask culture

(NEP medium plus 2% glucose and 0.2mM Cuso4-7H20) at

28%, Late stationary phase cells were harvested
from the culture medium and assayed for



NCYC240 (pET13:1) described in the aforesaid Patent 35 Application were
grown in aerobic shake flask culture (NEP nmedi um plus 2% gl ucose and 0. 2mM
[err] 7H20) at [err] Late stationary phase cells were harvested fromthe _
culture nedium and assayed for - - 16 - beta-gal actosi dase activity as
described by MIler (In "Experinments in Mlecular Genetics" ed. Mller, _
J.H, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1972) 5
Cells were washed x 2 in dlstllled wat er and resuspended in z buffer
(16.1g/l [err] 5.5g/1 [err] <=0lP5=g/1 KO, 0.246 g/l [err] 2.7 m/l 2 -

nercaptoeehen@thactzbedeteoeh&aeetqtaﬁoaeﬁbwabeaebgrmuuedrand the cells
wer e per Il zed .10 |on of % LQPg of cghorofornl 2 drops of

abi,
196sodﬁgﬁ1d55€@§ﬁmfﬁfﬁyépeﬁf 5ﬁdG98Ft ?ng eflor M4d188¢. 10 1 m of
perneab|Uhﬂed GbuﬁsSpmlng@ﬁtbprm@@baddéarq,2CnﬂdoSpr1ng

0- nltropggngrgahgthQ&Qe QQMQQD (4 mg/m in phosphate buffer, pH 7) and

the reaction m xture 'was i ncubat ed at %err The reaction was stopped
by tRe addltloﬁe&ﬂsowgrﬁiwfﬁWFérF]zcéPIddé dildede#3F€E, 2BAd t he absor bance
at 420 n&e@e@ge&ueadanBetaueabach5|dqy& uabnvoqena 03l subayed as descr| bed

oy ML ealiata): 800 73 BLRBLSKINRS il 290, PRSI ) ool

(pEHBII)2pﬂomddéd2appﬂ@%ﬂ#@$@h$h§n95)un|Ebeoﬁbbotbagabaet05|dase When

cells of gigm was0daeREFRihbaand taeUSRENECUR %e‘fﬁle'dg'ﬁleedZ% 0 25
gal actose sol utiqn.and incu period of tine,

ate ol
bet at QalE@t6§Fdé§91&69PvP@y%w€§°Pﬁd8€e8h§853f86ﬁs Fgﬁpﬁ Rifgher | evel .
Thus, afwea%fBbdlhmuﬂ@denqucbma@hatQS(snsosauﬂ vortexing for "

10 sec. To 1 ml of permeabilized cells in 2 buffer §
was added 0.2 ml of o-nitrophenol~galact051de (ONPG)
(4 mg/ml in phosphate buffer, pH 7) and the reaction_

15 mixture was incubated at 28°C. The reaction was
stopped by the addition of 0.5 ml 1M Nazco3, cell
debris removed, and the absorbance at 420 nm
determined. Beta-Galactosidase unlts were calculated
as descrlbed by Miller (1972).

20 ' Assays revealed that NCYC 240 (pET13:1) did not
possess any endogenous beta-galactosidase activity, ,
whereas NCYC 240 (pEHBll)'prpduced appfoximately 1.05
units of beta-galactosidase. When cells of NCYC 240 )
(PEHB11l) were resuspended'in 2 volumes of 2% : .\

25 galactose solution and incubated at 28°C for a
prolonged period of time, beta-galactosidase activity
was induced to a considerably higher level. Thus,
after five hours induction, 135 units of
beta-galactosidase were obtained, without any

30 increase in cell number, whereas after 23 hours

 induction and a 2 fold increase in cell number 4154
units of beta-galactosidase were obtained. When
either strain NCYC 240 or NCYC 240 (pET13:1) were
subJected to the same treatment there was no

35 detectable beta—galact051dase.



bet a-gal act osi dase were obtai ned, wi thout any 30 increase in cell nunber,
whereas after 23 hours induction and a 2 fold increase in cell nunber 4154
uni ts of beta-gal act osi dase were obtai ned. Wen either strain NCYC 240 or
NCYC 240 (pETI 3:1) were subjected to the sane treatnent there was no 35

detect abl e beta-gal actosidase. =~ -17- Gal ose induction of
bet &- gaf act osi dase production in brew ng yeast follomﬁng a beer
fermentati on PCadacdopEHBhHuURAS aEgls t ol e A s into

a proprietary. gt ngogegageﬁrowaﬁn%B&Qe;r Ebifedt 4PERB11) and NOYC 240
(pEHBI 1) were mM[err] at 28 C,
yeast were harvested 5=1a9§hd1dﬂlpimmad (vdafwctlﬂa&ke‘@)rmleﬂt Oasaldéssﬁbuaqiredleey\gers
wort . Fernentatlﬁn roceeded, anaer ¥ t 12 C un |I gﬁe ef e nPE
further reduct PBNSi R PREPEASERTY o §fawt9 of29%E yedrt, BEnael CadfiE  "Gerenn)
profiles were enhds8CYCn3ADt 6pEHBAR derecgreotrpaml%ﬁihsmmtenrmueswm

ferment ations 0 h mMe7 Okt he g £
yeast, NCYC 249? gggggna UWElM §U§ngltzﬁegﬁﬂ%?a%sf%fﬁ%ﬁ ﬁf%% Iaé%%ﬁd

PEHBI | .« I n éIIEE&séétFﬁédgéhéPFEAFF fntpepipesaturat e eI et it at
the sage rate gedmeAteBeonapeodegted aﬁaafaenumly'maaslz et Entiee neeast

strains. BB10.1 15 (p and ,NCYC 24 B e ed. f their
respective bee?"§"@‘b{7{D E %A%uga Fgﬁtanﬁ ? FE€2%£Q? ifie Qﬁgyl I'n gﬁigﬁghere
assayed for bebaegalaE?@QEd&sélaotPvpfyleﬁEVGhercyeasiysm¢Qﬁ¢P¢ﬁQmRm%d in

excess of 1.0 WRirkgtOkoRphdisBARsaRLPEI ﬁiaas WOER PSSPRYSEat ol Fe MESVIRNG

However, 20 follow ng resuspension i a ose signific
u}gtltles éf Bét&hﬁaPQEFogPaﬁsélﬁBrgthPQFﬁ%g la?b??h%? ?ﬁﬁﬁtfﬁgﬁ§f%ﬁo
gala

ct ose i nduahdosBaD.bhetrdcpahadt ast dasenattans fyrmed ew Ui | peasmisd f ol | ows:

(e T52 ot o BERRRISC, K h AR LB S EOLYI dndy Loy Sl oven
fermented the wort at the same rate and to the same degree
of attenuation as the parental yeast strains. B810.1

15 (pEHB11l) and NCYC 240 (pEHB1ll) were harvested from their
respectivé beers by centrifugation and following two washes
in water were assayed for beta-galactosidase activity.
Neither yeast strain produced in excess of 1.0 units of beta-
galactosidase when assayed in this manner. However,

20 following resuspension in 2% w/v galactose significant
quantities of beta-galactosidase were obtained.' Optimal-
conditions for galactose induction of beta- galactosidase
activity were defined as follows: (i) 2-3% w/v galactose,
(ii) minimal salts medium (1.7 g/1 yeast nitrogen base

25 without amino acids and ammonium sulphate, 5 g/l ammonium
sulphate, 2.5% w/v casamino acids), (iii) c€ll density of 0.1 to 30%,
preferably 10%, w/v (wet yeast pellet/induction medium) (iv) presence
of molecular oxygen. Employment of these conditions
resulted in the routine productidn.of 2000-1200 units of -

30 beta-galactosidase in NCYC 240 (pEHBll) and BB10.1 (pEHB1l)
following 24 hours residence in induction medium. '

Strain NCYC 240 (pEHBl1l) was further evaluated under
beer production conditions. In this case the yeast was
used to ferment an all malt ale wort in a five-bar:el (5 X 163.7 litres)

35 experimental bfewery. The beer produced was conditioned,
fined and packaged into bottle, after which it was compared



sul phate, 2.5% w v casam no acids), (iii) cell density of 0.1 to 30%
preferably 10% wv (wet yeast .pellet/induction nmedium (iv) presence of
nol ecul ar oxygen. Enpl oynent of these conditions resulted in the routine .’
production of 2000-1200 units.of 30 beta-gal actosidase in NCYC 240 (pEHBII)
and BB10.1 (pEHBII1) follow ng 24 houira-s residence in induction nmedium
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:Strain NCYC 240 (pEHBI'l) was further "eval uated under beer production .
condi ti I g N oY hes MRast Ushd r.Jy nall malt ale wort
in a fid\}ﬁaér ?:e%ﬂ(r;ol;ao%g% itres gé 'experpita(rlrjeé;lr_‘t%a%IE rea\;\%gry. The beer

pr oduc F Ve L4bn ARIBHRES YNdRT] i/ teddafand itti® ot t 188 Jdrtadd wehi ch it
was co ffbleptiid i 0y Aiderit freivRNt ehyo)s ilgia fadvaett al yeast NCYC
240, pgggﬂped under idemﬂéﬁglgonditi ni: CUqlitaLive organaol eptic anal ysis
di d not?FThAFA" G P & AT i et ATREEE bet i ithe % IFPATSdUcts. Thus it
i s dppdrratt trewimgg yerasti mopry dees ts urare sed wluge egesteat] dlop ldenatadddfliled nodi fi ed
such t r ; r i | QS 1Cand; ities of

het er o:%{;coﬁjﬁ?rtgttg}{f% %vﬁlagbqaé)g)ﬁtd-}g}@r%\?ré as'ﬁ‘?d(g% [ lril%lrﬁ:tt i on, without

adver s@4pN i igsh Qfnd 4R Rgaus, rie e feddiowigpRodfSd t he primary beer
productferkfentation induction, without JoXAMEEy |ilQdwetiing) tefe Human \Serum
Al bum n !E.rlo.t ein fl rLr Br evgan \q:eoastm‘gﬁuec cltq_pei n .ofa theD I—e|umar} rym Al bum n*
(HSA) ¢ Ws Yar ']eed’ 0 usi ng a .spe'eC| i &M grd’nucel doti & upri‘mer (see
Baradlde, F.E., 1977, Cell, 10, §X8MB8E&: Ifoyes, B.E. 15 etal, 1979,

Pr Ocee¢me¥i.&m%MJW@M%%@?%% H%a&@u%?@(}-aﬂs?t?‘l; Hudson,
P. etal—I98r _Nature, 291, _I27-I31). regi on of
the known ani ndh8cFdo8ifR8chRfetBr HHBaMSIEpYB A1 RUpPERYAEBPA) RPBA 1076, W,

Atl as ofasProaied ife dSagutenosin gl sggcictiy’ enl idinu Biewtadie Basimez0 Foundati on
Washi ngton) 41 p | bl predi,ct 4 0 )l nefic _codeeight 14 | ong
oli gong(cﬁee%tdlaorea\sﬁseo’nce‘s'(s)éf"vﬁ:‘i%ﬁ ’shcge&-ld g’e?ﬁ%ﬁy@o%ﬂéﬁén%ﬁr@ to the HSA
me's slén getra IRNA Y HRNAC qaged iFiga,raf thef Ne ado fzadeimyg ofr Smiieqce
ol i gonypdeotigles maya Ay <A, . medaAaneqwdly, Makddhs 291,

127-131). By selecting a favourable region of the known
amino acid sequence of the HSA protein (Dayhoff, M.0., 1976,
‘Atlas of Protein Sequences and Structures Nat. Biomed. Res.

20 Foundation Washington) it was .possible to predict from the
genetic code eight la-ldng oligsnucleotides, one of which
should be exactly complementary to the HSA messenger RNA
(mRNA) (see Figure 2 of the accompanying drawings). The
oligonucleotides were synthesized simultaneously (by the

25 method of Wallace, R.B., 1981, Nucleic Acids Research, 9, Cj'
879-894) using the solid phase phosphotriester method
developed by Gait, M.K., etal, (1980, Nucleic Acids
Research, 8, 1081-1096). This mixture of synthetic
cligonucleotides was used as a primer for cDNA synthesis

30 using human liver RNA as a template (see Baralle, F.E., 1977,
Cell, 12, 1085-1095). The synthesized cDNA was
fractionated on a denaturing gel and an appropriately sized
band was eluted. This single stranded cDNA was then
converted to double strand by the 'loop back' reaction with
35 Klenow DNA polymerase (see Wickens, M.P., etal, 1978,
Journal of Biological Chemistry, 253, 2483-2495). The
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he cDNA"s wereygRnygRhCHetRedRURLE1ELERAEE 884508587 (RE9APBEYI gHEl ¥9aDndsthe
I ngl e strand hglig PI? Bsstrggbure was digested with 51 nucl ease
1

E{stratiadis, 7 279-288). The products were purified
n a Sephacryl (Trade MardONA < iH3Qiro0lwas prieth driead es\mm;iingawmngjmg

0 ends of the ePMRLe:"ERRA"5Y DnolbbLl B! Uit D1508 KhGRONC T hagTED:

f DNA polynerase P Mol ecures Vere pre ori han
| unt ended £p apeprimee. The cDNA's were converted to double strands as

described previously and the single strand hairpin loop
structure was digested with Sl nuclease (Efstratiadis, A.
etal, 1976y Ce 279-288). The products were purified
on a Sephacr;yﬁédgrgnco§2mn and the eventual 5' overhanging
20 ends of the cDNA were repaired by "filling in" with the
Klenow fragment of DNA'poiymefase I. The cDNA molecules
at this stage were predominantly blunt ended so they were
ligated to the Pvull site of pAT153Pvull8 (previously treated
: with'alkaiine'phosphatase to avoid its circularization)
U 25 (Anson, D. et.al. The EMBO Journal, 3, 1984, pp 1053-1064)
' and trahsformed into E.coli strain MClUéli(Casadaban, M.T.,
& Cohen, SN., 1980 Journal of Molecular Biology, 138, 179-
207) or aﬁothef3appropriate strain. Approximately 10,000

TR YRR oA

recaombinant colphies were produced from 10 u g of mRNA.
30 The cDNA in these colonies was screened for HSA DNA
sequences using radioactive probes prepared from M13ALB1
and M1ALB2 by nick translation (Rigby, P.W.J. etal, 1977,
Journal of Molecular Biology, 113, 237-251). Colonies of

E.coli strain MC1061 harbouring recombinant cDNA clones
35 possessing DNA sequence homology with the HSA gene were
isolated as described by Baralle, f.E. etal (1980, Nucleic
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(Casadaban, M T., & Cohen, SN., 1980 Journal of Mbdlecular Biology, 138,

. 179- 207) or another approprlate stygin. Approximtely 10,000 reconbi nant
col oni es were produced from 10 [err? of mRNA. 30 The cDNA in these col onies
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of Mol 1 1 o] t de the entire
oL LR 08 hiBhgy 147, oy 4512 LIENpRRSELNACHRS, L nebyce e o
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Cold S Har bo Ite o SSIHE
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simla(MgniBadesf bushignded2hymMpuekeaEe 5iohiﬁgtnnntaborE@bf2wnng

anals: fgrissa boa: ShasabcRerpnd ThER) (RETHRR RRRT al EFc Rl e gl agues

(Messing, 1983, Methods in Enzymology, RecomblnantLVIOl,

20-78), the latter having been similarly made flush ended
- by nuclease S1 treatment. Following tranéfection.of E.coli

JM101, lysates were prepared from several plaques and single
20 stranded (SS) DNA isolated from the.mature.bacteriophage

particles. Subsequent to DNA sequence analysis (Sanger,

1977 et al, Proec. Nat. Acad. Sci.,.USA,-lﬁ, 5463) the

recombinant M13mpl9.7 was identified. Double stranded (RF)

DNA was prepared and cleaved at the newly created unique

25 Xhol site ‘by treatment with the latter restrlctlon endonuclease, .;)

followed by S1 nuclease digestion to remove the 5' single strand extensions.
These manipulations served to expose the first

codon (GAT) for the mature, native pblypeptide sequence,
Next, a synthetic oligonucleotide whose 5' ends were

30 unphosphorylated was inserted at the modified Xhol site.
As previously, recombinants were analysed directly by DNA
sequence determination following transfection and SS DNA
preparation. The sequence of the relevant portions of one
such recombinant,M13 mp 19.7 met/9, is shown (Figure 5). This

35 deviates from the expected sequence, also shown in Figure

5; this deviation is most probably due to secondary



particles. Subsequent to DNA sequence analysis (Sanger, 1977 et al, Proc.
Nat. Acad. Sci., USA, 74, 5463) the reconbi nant ML3npl 9.7 was identified.
Doubt.e stranded (RF) DNA was prepared and cleaved at the newy created
uni que -25 Xhol site by treatnment- with the latter restriction endonucl ease,
foll pwed by S1 nucl ease digestion to renove 2lhe 5' Si ngl e strand

ext ensi ons. These ul ations, served t Q expos I st codon (GAT) for
the mature, natﬂ/’é“n%‘f&p fg"t‘i“&ﬁe e Hiscde Eﬁﬂ@ i 815Fi §8fucl eot i de

whose 5' ends vmtm&ﬁ)mmﬂotmsqﬂnrqﬂ a:tmd:hnasmamsb@mtdedl aegtibesmodi thed Xhol
site. As previo edid I sequence -
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of the rel evantl'mﬁ'ﬁ%mse"btflﬂ)hesm tr"@c@rﬁil%@rﬁltrPIV[ES f9righe Adpker s
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t he non- bonded wlegamnsasofact!‘meeiad.r dsim avhvsariteinele dufluetheTh8seHdesiaei ons
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to intmpduce an 1hitjation on (ATG. an I at el¥
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polynerase | (tr@rd@rﬁeag.«@mv&t 'quedﬂvﬁnwa mrea&n&mufan(m@lsa@tsaﬁt @bsz,
1982, Mol ecul arM Gloni ng:” A Laboratory I\/Bl{a ol pr| USA) ) .

i A 009 Farmor
The same | i nker=rSEt-diove 319 b aRP IR ; -'-:-‘ i £818; PRTinBOHRERPRg
RF DNA prepaISatUS)h) Bnd Beartdant dieigtiiean tsemlatba:lylee wlaecdmsemaat:l aktonbiwas

identified and fdisenas sesi IndAA MLHP 'R BMKEtp/r%para%l%“%ﬁ Bahkh
digestion a suitable recombinant clone was identified and
this was designated Ml)mpl9.7 met/9.1. A single BamHI
fragment carrying the full length MET-HSA cDNA gene was

20 subsequentiy cloned in the single BamHI site of the E.coli
vector pBR322 (Bolivar et al, 1977, Gene, 2, 95-113) to
derive a plasmid designated pEK113 (Figure 6). Plasmid
pEK113 was transformed into the E.coli strain MC1061
(Casadaban & Cohén, 1980, Journal of Molecular Biology, 138,

25 179-207) which was deposited in the National Collection of
Industrial Bacteria (NCIB) Torry Research Station, PO Box
31, 135, Abbey Road, Aberdeen, Scotland, AB9 B8DG on April
3rd 1986 and has the accession number NCIB 12242.

The Induclble Expression of HSA-like Protein in Brewxng Yeast

30 " In order to produce HSA like protein in brewing
yeasi by an inducible gene_express;on system it is necessary
to fuse the MET-HSA cDNA coding sequence to an'appropriate
expression signal. The GAL10-CYC1 hybrid promoter'which
controls the'galactose inducible expression of the E.coli

35 lacZ gene'(B—galactosidasé production) has general
appliéation as a system for mediating the galactose
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in breﬂfﬁ X g? g*o Eﬁﬁ@cﬁaﬁéﬁfﬁ ethf FRFeMDIPRNEEAlaBMEPNA i s fused. to
"the GAgemeﬂa(fjedpwmtmteespwsemmemqmbasmda@&ﬂdd sepsratimgtbhd is

d t h S opn, e e 5 and the BapH fragnﬁﬁt
cggfslﬁgaﬁhénhi gﬁgi ¥E$ﬁ§¥ 9%1Q€§§§§é gélnseg¥%d°pqﬁe 3t entati on of
|nsé&tF%ﬁ°?€16éﬂérHiﬁ%ﬂlﬁyléhh$ﬁ€@é$¢simgwhh%hrb@@nbldﬂhf -HSAsm ds

gener aéBNAVh &S reséalﬁimntﬁéldsmuch@mmv@n%ﬁ@ioﬁ& Miomotde, fragnents thus

formed_by, a S C phoresrs reconbi nant plasmd is i sol ated
in whi cﬁgh gﬁgg ﬁ&gf?-&‘h"%d%&gh%%q'f%%% Wit Yaanadt-cte andrid W
pronot@ilbsuth Whatl9&m$oMeh@odBMnmeQMEﬁmelmmﬁJys&s %gﬁwffn)/%hfﬂ andf th
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(Seie FI o BA ATE THES FAsHE @ AEE dRAT gnat ed' pEHBR | F M= eHIIN ankh iy be
introdpLesmid is designated pEHB11-MET-HSA and may be introduced

into brewing yeast strains NCYC 240 and BB10.l by

tranéformation and selection for copper.reéistahce_as

described pré#iously. Brewing yeast.strainé transformed

20 with plasmid pEHBli-MET—HSA are expected.to produce under
appropriate conditioﬁs an HSA-like protein consisting of
five additional aminb acids prior to the first N terminal
amino acid of mature HSA (N- methlonlne, threonlne, glycine,
.serlne, methionine- HSA c).

25 Strain NCYC 240 and BBlO 1 harbourlng pEHBll MET-HSA B Q;
may be grown to stationary phase in NEP glucose medium
supplemented with U.ZmM CuSOa.7H20. Cells are then.
harvested by centrifugation and washed in water before
resuspending for 24 hours under opt1ma1 conditions for

30 galactose 1nduct10n of gene expression, described prev1ously
Crude cell Ffee extracts of induced (plus galactose) and
uninduced (without galactose) cultures are prepared by
disrupting the cells on a Braun homogen1ser in 0.1M sodium
phosphate pH 7.5, 1mM phenylmethylsulfonyl fluoride and SmM

35 2- mercaptoethanol Glass beads and cell debrls are removed
by centrlfugatlon (2000 x g for 2 minutes) and the



into brew ng yeast strains NCYC 240 and BB10.1 by transformation and

sel ection for copper resistance as described previously. Brew ng yeast
strains transformed 20 with plasm d pEHBI | - MET- HSA are expected.to produce
under appropriate conditions an HSA-1ike protein consisting of five
addiitional am no acids prior to the first,,N termnal amno acid of mature
HSA (N-net hi oni ne, threonine, glycine, Serine, mnethionine-HSA-C). 25
Strain NCYC 248upadn8Ba0t 1ifac baui f hed pieHB ¢ e dvitle iHSAy a0 roe BPO0DVX 10 for
stationary pha | uc P h err] Oel S
are then harvegtgeg%mgg%%trlf f@o%%%ymgésﬁggg%ﬁgag\‘fé efa'ss"l &d
resuspendi ng fSPrZHhﬁoEFSSEﬂ@érOGpWW SR tA rumirorp 30 gl ot $HS -

i nduction of gssﬁygwwsﬁwa gleS@Ié Wé%'ﬂoll@d&iﬁ B5e IWe <ftleq®

cul tores ard pPoparsalubSaf MEEl PRy 1t al o 1, Bhanr Wamatider Tae
0. 1M sodi um phoephate pf ¥hbs émphmq/ia:mtehydlmﬂ ftdmde fdulctrum ad chrrM 35
2- mer capt oet han?b b&§8§n§@@9§ Pr'i‘dtr?@é %%Hi FF GdEIRE %entamedl ]

centri-fugati on m nut es - 23- super nat ant
clari fied by r%b@mﬁtm@at%ﬁnkebmsxo %'btrrﬂ@%%&re%“maméerré@ultant cel |
extracts are asspy@dniDiké h@r@t@ﬁ@p%@iewmfeﬂrm Al Wire sprdet iot by

SDS: I I d | el ect f ol bl ot t
Vel or . 3 ¥ Al YTogd sdaiamoBiiEsiape SnatPELan oV oIUFRR s SeEu) | ndi cate
t hat those cul Ahb'ersimhlthe hratio betm p neldectd dm ddre ber edbdradmed!l wjdlhabbodse

contai ned si gnmémamoqpammmspiasm rémldsaluarl thymﬁewm.ﬁstmm n-like
PRQt ei n,” whereas_uni nd ﬁgwcu tures do not. simlar gal act ose

i nduction of HYRBHELES B Bess kfee‘ﬂ?%'tfeﬁtrf%} o‘dUd‘c"PcS‘r’P e peasht stradn
wi t h both NCYCh&40f { p&tiBbéed/EdséibA) o afMer sRBUD . blr gweitdBlWotVEinkdeA) ahaevrestied

froma beer§efgEpl a1oN L N IRLERL e YoRRs SIAVEAY 0t TheD2RB 43ento

ferment brewers wort under anaero
beer fermentation does not contain detectable quantltles

of Human Serum Albumin-like protein, whereas following 24
hours of galactose induction significant amounts of protein
can be detected. It is further noted that brewing yeasts

20 genetlcally modified in the manner described are capable oF
fermenting brewers wort at the same rate and to the same '
degree of attenuation as their unmodified parental
counterparts; beers thus produced are indistinguishable from
controls on organoleptic analysis. _

25 The Inducible Expression of MET-HSA in Brewing Yeast

The GAL10-CYC1-HSA fusion plasmid pEHB11-MET-HSA

can be shown to produce an HSA-like protein in brewing yeaét

following post-fermentation induction in galactose induction
medium. This protein is described as HSA-like since it

30 possesses five extra amino acids at the N-terminus, as
described previously. In order to produce a more "authentic"
HSA protein it is necessary to construct a_GALiO-CYCl
hybrid promoter transcriptional fusion with the MET-HSA cDANA
in which the 5' translational ATG codon (methionine) is

35 supplied by the -MET-HSA cDNA. Ffor this purpose the ATG™

GAL10-CYC1 promoter carried by the publicly available




15 fernmentative conditions. Yeast harvested at the end of the beer :
fermentation does not contain detectable quantities of Human Serum

~ Albunmin-like protein, whereas followi ng 24 hours of gal actose induction .
significant anounts of protein can be detected. It is further noted that :
brewi ng yeasts 20 genetically nodified in the manner described are capable
of fernenting brewers wort at the sang, rate and to the sane degree of '

attenugmmnfé d2&4n WYidd &t RATHEA UL URH S ieers thus produced

are indistin wshable from controls on o:l‘%ano is. 25 The.

| nduci Y‘elags‘ts Thé 1a8Mid EfG S HSA f usi on
pl asm otmﬁhlaléd I\ﬁTtﬂ-i&%esausmwwh tet qurubices B BTN ideed protein in

brew n st foll.ow - f.er nent a_tl ct i | act ose i nduction
medi um%%?a% cb G A *nge sc°r boaeae'aP %Hyej‘%y r?gjeh possesses five
extra afmagmernt drem pEHel N ¢ erTmmmlmmldfedrmﬁs\hmllﬁ In order to

pr oduc e 15 | Rf S csqm,tsruct a
GALI OeC‘::Y mﬁl;rﬁer? %%?gér.rﬁlglrc t rang:ﬂ&HEolnéaadesuﬁ 25) \gqg t T HSA cDNA in

whi ch tHas the ahsMidind NS dauditgefdif Fhen & by t he.
MET- HS/Ap edaiwt e r FOrTHie a:wupm;exst mammamzcmr-mmwe car ri ed by ;Lh

publicly, av I | e ar gnt 983, Met Hods
in Enzy'?/mq orgéy, ecorr%l nan({ W&% %% qu é”és déested W th

t he Jrfbsqmg:m o Miforien lekast RmiH then B iapkanese @enel c@ndierg ifgse- pai r

MET- HSAy Begr r s f d @t i f roBPEKL ke thmprd;qrgtlai ig pifa i nsertion is

confir P&ﬁf& restrict{ion endog uc‘m ((:Ig%est n an &ows 1t hat the 5'
VET- HSA L1900 1P e t\eact 'Hﬁastlﬁ‘lgasm dis
desi gnasebbmdfbw%t(mkmndhmmre)uf R s chmwa'bﬂss,éircar ries an E.coli
pl asmdﬂ o]y g\%{[ﬂ) td QMg L 1[ e RY tfq;gq gene conferring
anp|C| %% reS|§?§ﬁ%e I'n ﬁﬁ¥i14%r2 orléﬁﬁ o) Eﬁh‘repllcatlon of
yeaslé earsefie s g‘e‘fﬁ"ﬁﬂ (‘?féctlh‘?t gene is expected to
result in the synthesis of a messenger RNA which will
initiate translation at the first ATG in the message, and
'thls ATG is provided by the MET-HSA gene.
In order to regulate the expression of the MET-HSA
20 gene in brewing yeast, and thus the productlon of an
"authentic" recombinant Human Serum Albumin protein, it is
necessary to fuse the GAL10-CYC1-MET-HSA expression unit to

the CUP-1 gene. This is accbmplished'by digesting plasmid
G2-MET-HSA with the restriction endonuclease HindlII, which
25 cleaves ubstream (5') of the URA-3 gene and downstream (3') -Q;
of the MET-HSA coding sequence (see Figure 8), and sub-
cloning this fragment into the HindIII site of pET13:1 to
form plasmid designated pET13:1-MET-HSA (Figure B8).
Plasmid pET13:1-MET-HSA is subsequently transformed
30 into the brewing yeast strains NCYC 240 and BB10.l by the
methods descrlbed previously. Brew1ng yeast strains
.harbourlng plasmid pET13:1-MET-HSA are grown to stationary
phase in NEP glucose medium supplemented with 0.2m. CuSOa.
7H20. Cells are ‘harvested and processed prior to the
35 galactose induction of gene expression, as described

previously. Cell extracts were prepared and assayed



"sel ection by conplenentation of ura-3 auxotrophs in |aboratory yeast) and
the GAL10-CYO - MET- HSA fusion 15 cassette. Transcription of the MET- HSA
~gerfie i s expected to result in the synthesis of a nessenger RNA which w ||l
ini'tiate translation at the first ATGin the nessage, and this ATGis

praqvi ded by the MET-HSA gene. In order to a%egul ate the expression of the
MET- HSA 20 gene in brew ng yeast, and thus the production of an "authentic"
reconbi nant HiemntSer phe 3¢ heei of ghwta rierum i Al mades pantetio,f ase t he

GAL10- CYQl - '\/EJe;@A@é@rsﬁ..sw@umt [ 1A Qdeek $0G ity alst 23GaTRL! shed

by digesting plasmd ththe restriction e nucl ease HndlIl1,
whi ch 25 cl ead %§b€|‘¢)§’t'?%a?ﬁ‘f5c_ﬁ_bg S AL -H e P B :doliEdrHsam p3opugedt he
MET- HSA codi nglg.eqae@mt (q;@awﬂtgwae & ,Huwech SﬂHl'unCUQﬂHdhg.ri rplrsatfehagnent into

the Hi ndl I e 0 ET {‘E f | a md deS| nated p 1-VET- HSA
(Figure 8)£ 'tésmélh%E%l S 'T?é;‘glpe sedqie I & Par °fror #é'&%Fo into the
brew ng yeastasaean!msc l\m@-ﬂm)ﬂmd BBlJOWLeCl:))Pyt he\dmth@mg ofe geniebed

previously. Béﬁawgsys:ﬁssn&tm@s bowird i il it RE B3 Y, MET- HSA are
grown,¥o stati onaré hase in NEP g Cb"pse medi um suppl enented ‘with 0.2m

[err]:Jerr] C2}981 a'h%lr%%'?%ﬂt’a"n%l JHnAn: PeFumy A Lbymife €88 88| act ose
‘induction of gebtectxdresth®nyeast desowe diact mhemmu&ln)d o®elal bextrr act s were
prepared apd RsSaVefation does ddY # Jléf‘ﬁ“{ Qfec'i%‘i’l\ HRndE ARy n
protein, as described previously cas rewl ng east strains

har bour i ng th%ler'DE}meNETPIFB?JF (t}fEM%l@tl‘ﬂEP— HSR)U‘-‘Grl@(ﬂde si gni fi cant
quantities of Human Serum Al bum n protein. 5 Wien the sane strains are
gLown on brewers wort -under anaerobic conditions, followed by induction of
gene expression and HSA assay as described previ ousl y, significant
quantities of Human Serum Al bum n can be detected. The yeast harvested at
the end of a beer 10 fernentation does not possess any detectabl e Human:
Serum -



Al bum n protein prior to gal actose induction. - 26 - CLAIMB 1. Process °
for the production of ethanol and a protein or peptide which is

het er ol ogous to yeast which conprises fernmenting an aqueous :
car bohydrat e-containing nediumw th a yeasts%rafﬁ”ﬁﬁTEﬁﬁﬁés been .
genetically nodified to 5 be capable of expr | agt er ol ogous protein
»~0r . peptide under conditions such that t aﬁgﬁﬁmm\g‘m‘ks but no )
expression of the said heterol ogous protiék oy t1de *takes place,
recovering the ethanol so forned,. inducing expression of the said protein
or peptide by the 10 yeast, and @bgai ning the said heterol ogous protein or
peptide therefrom 2. Process gccording to claiml in which the said yeast

contains a plasm d having the CYd hybrid pronoter and expression of
the said protein or peptide is 15 induced by exposing the said nmultiplied

yeast to gal actgse. p3.oRIeQeCH, AGGHY UARIA Wit dE leHarfol Nagii gh the said
I uman seru

protein or.peptide I'Ss._human serum al”oum n or a, m al bum n-ti ke
pr ot ePEOtEinpeEc PePtifeomiiliey s heresolagaus to t¥PaBE WhIFRh the et hano

. i's regewpragelisn fbféﬁiefn@i'ﬁgOfana%WSciﬂ:@@jr@f)éﬂelééhh'féiiﬁ\biihmééium £
a

SUbSt STkt st sk ATy Sher bhal et SEHLSu R A g the
of 5cl densapabd e3 cifn exiprelsstimg et haerter adlogoes \parastcke v cow teptside f er ment ed
25 .maq'&lig‘:i \%ﬁhﬁ‘itfi%@ 2l t%tafiart%'hé ge st i1 ¥ 51 s FS-%%?& according to
claim4 in I ch the aquequs carbohydrate-contai'ni ng nedi um cont ai ns :
mal t 0S¥PEESERE NRfo it heuFad dheserologous, Rrate i & ReRFi% claim 6 in .
whi chehRes3plagesorecovelzhgd tilee «dWAnVINis FEXHed) indudirid ey nal t-based
beer WobtesSioh 3E°tRe? 3504 p1deedr’!ed Bebr AL by drk Wi Ch
10 yeast, and obtaining the said heterologous ptoteiq_or
peptide therefrom. '
2. Process acéording to claim 1 in which the
said yeast contains a plasmid having the GAL 10-CY¥Cl hybrid
promoter and expression of the said protein or peptide is
15 induced by expoBé;gsghe said multiplied yeast to galactose.
3. FRreewsan according to claim 1 or 2 in which the said prctein
or peptide is numan serum albumin or a human serum albumin-like protein.
4. Process according to any of claims 1 to 3 in
which the ethanol is recovered in the form of an agueous
20 potable liquid which is substantially free from yeast and -
which contains substantially all the water and ethanol of ‘o
the said fermented medium,
5. Process according to any of claims 1 to 3 in
which the ethanol is recovered from the said fermented
25 medium in the form of an ethanolic distillate.
6. Process according to claim 4 in which the

aqueous carbohydrate-containing medium contains maltose as the

major sugar present. :
7. Process according to claim 6 in which the
30 aqueous carbohydrate-containing medium is a barley malt-based
beer wort. _
8. Process according to claim 4, 6 or 7 in which

the fermentation is effected at 8 to 25°C‘



}he fermentation is effected at 8 to [err] -27- 9. Process according to

l ai,m 5 i n which the aqueous carboehydrate-containing nediumis a

dermentati on mediumfor the prodgﬁh@on of potable distilled ethanol or fuel

pt hanol . 10. Process according t :"U"'"uﬂm"m the said nediumis based
bn dr ai n, potatoes, cassava, sug i gt or a lignocellulosic

WatezE?I optionally pretreated to convert tel¥ ul*ose and/or starch therein
nt o*¥'er ment abl e sugars. 11. Process according to any one of clainms 1 to 10
10 in which the fernmentation is a substantially anaerobic fernentation. 12.

Process according to any one of clains 2/ to 11 in which the yeast used is a
genetical |y engi neer ed.nodirfdceals arvoarfrdihg UdTd it Stimiwhidh the

Saccharr onyc %5 LS 0 'y Egr ensis. 13. Process. according

to Claim1 (SAEL%‘S t:ahrfi ai }Sbﬁi}é&g:gﬁee-rée? n aqulrrlegs Sertbets 4 £ eIRYIREIN gpedium

pepti de het &adl ddeuPnoduntdan wematahde ct syi kled mtdanel @r owees fued

precedi ng CledHghol.
R 10. Process according to claim 9 in which the

[ \v”¥f5%aid medium is based on grain, potatoes, cassava, sugar

cane, sugar beet or a lignocellulosic material optionally pretreated to

convert cellulose and/or starch therein into fermentable -sugars.

11. Process according to any one of claims 1 to

10 in which the fermentation is a substantially anaerobic

fermentation.
12. Process according to any one of claims 1 to

11 in which the yeast used is a genetically éhgineered
modification of an industrial strain of Saccharromyces

15 cerevisiae, or S. carlsbhergensis.
13. Process according to Claim 1 substantially as

g ~~ hereinbefore described.
: 14. A protein or peptide heterologous to yeast

P ' when produced by the process of any of the preceding claims.




