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[57] ABSTRACT 
The invention relates to novel, transformed strains of 
Lac+ Saccharomyces cerevisiae, capable of utilizing lac 
tose as a sole carbon source, produced by inserting into 
the Saccharomyces cerevisiae a plasmid containing a lac 
tose permease and a beta-galactosidase gene derived 
from Kluyve'romyces Iacn's yeast. 

18 Claims, 4 Drawing Sheets 
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LAC+ SACCHAROMYCES CEREVISIAE 

This application is a continuation of Application Ser. 
No. 74l,2l3, ?led June 5_, 1985 now abandoned. 

TECHNICAL FIELD 

The invention relates to strains of the yeast Saccharo 
myces cerevisiae that have been transformed by insertion 
into the yeast of a plasmid containing the LAC4 
LAC12 region from Kluyveromyces Iacn's, such that the , 
S. cerevisiae acquires the ability to utilize lactose as a 
sole carbon source. The invention further relates to 
methods of selecting the transformed S. Cerevisiae 
strains. 

BACKGROUND OF THE INVENTION 

Whey, which is a byproduct of many commercial 
dairy processes, contains a large amount of lactose. The 
lactose in whey represents a large potential carbon and 
energy source, particularly for the production of etha 
nol. However, only a. few commercial processes cur 
rently exist which utilize the lactose contained in whey, 
and converts it to a commercially useful product. Fur 
ther, the existing processes are expensive, and, as a 
result, a great deal of whey is now disposed of, requir 
ing costly waste treatment processes. 

Various attempts to utilize the lactose contained in 
whey have included fermentation by strains of 
K Iuyveromyces fragilis and other yeasts, especially Sacc 
haromycesrerevisiae. The main problem with the use of 
S. cerevisz'ae is that it cannot ferment or utilize lactose 
directly. The lactose must ?rst be hydrolyzed to form 
glucose and galactose, which the S. cerevisiae may then 
use. This procedure is inefficient since it produces high 
concentrations of extracellular glucose which cause 
catabolite repression of galactose utilization. Catabolite 
repression has been somewhat overcome by the selec 
tion of mutant strains that are resistant to repression. 
Despite these problems, S. cerevisiae is a desirable yeast 
to use in lactose utilizing processes since it has been 
used in the brewing and baking industries for many 
years, and procedures for its use on a commercial scale 
are highly developed. Further, S. cerevisiae may be 
genetically manipulated by various techniques, includ 
ing genetic engineering. Finally, from the standpoint of 
basic research, it would be very advantageous to pro 
duce strains of S. cerevisiae that could grow on lactose 
because they could be used in a variety of mutant selec 
tion schemes, as has been accomplished with E. 0011'. It 
would therefore be advantageous to produce a strain of 
S. cerevisiae capable of direct lactose utilization and 
fermentation. 

S. cerevisiae cannot use lactose because it lacks a beta 
galactosidase structural gene and therefore cannot hy 
drolyze lactose to glucose and galactose. Further, it has 
no mechanism for transporting lactose across its cell 
membrane. This lack of a lactose transport mechanism 
has been demonstrated by direct measurement of lac 
tose transport in S. cerevisiae and by a showing that 
genetically engineered strains of S. cerevisz'ae that pro 
duce an intercellular betagalactosidase also do not grow 
on lactose. One method of creating a transport mecha 
nism in S. cerevisiae would be to introduce a lactose 
permease gene, such as the lac Y gene of E. 0011', into a 
strain of S. cerevisi'ae that has been genetically engi 
neered to produce beta-galactosidase. However, this 
approach, for unknown reasons, has never proven suc 
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2 
cessful. An alternative approach would be to incorpo 
rate into the S. cerevisiae , a lactose permease gene from 
another yeast. 
The yeast K Iuyverom yces Iactis can grow on lactose as 

a sole carbon source, and is known to have an inducible 
lactose permease system. The genes coding for the per 
mease have not yet been identi?ed. Unsuccessful at 
tempts have been made to isolate the lactose permease 
gene by transforming a K. lacn's clone bank into a strain 
of S. cerevisiae that synthesizes beta-galactosidase‘ and 
selecting 'transformants for growth on lactose. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a 
genetically engineered strain of Saccharomyces cerevisiae 
which has the ability to utilize lactose as a sole carbon 
source. 

Another object of the present invention is to trans 
form a strain of Saccharomyces cerevisiae by inserting 
into the strain a plasmid containing the LAC4-LAC12 
genes derived from Kluyveromyces Iactis. 
A further object of the present invention is to provide 

a method of transforming said Saccharomyces cerevz'sl'ae 
by inserting into said S. cerevisiae a plasmid containing 
the LAC4-LAC12 region of K. lacrl's. 
A still further object of the present invention is to 

provide a plasmid containing the LAC4-LACl2 region 
derived from K. lacris. 
An even further object of the present invention is to 

provide a strain of S. cerevisiae which can ferment lac 
tose directly from whey, without a preliminary hydro 
lysis step wherein the lactose is ?rst converted to glu-. 
cose and galactose, and thus to provide an economical 
method of producing ethanol from whey. 
A still further object of the present invention is to 

provide a method of constructing strains of S. cerevisiae 
and other yeast that grow on whey as a result of their 
ability to utilize lactose. 

Other objects and advantages of the invention will 
become apparent as the description thereof proceeds. 

In satisfaction of the foregoing objects and advan 
tages, the present invention provides a genetically engi 
neered strain of Saccharomyces cerevisiae that has the 
ability to utilize lactose as its sole carbon source. The S. 
cerevisiae is transformed by inserting into the S. cerevi 
siae a plasmid containing the lactose permease gene 
(LAClZ) derived from Kluyveromyces lacris. The S. 
cerevisiae must also be transformed to contain a betaga 
lactosidase structural gene each as the K. Iactis gene 
LAC4 or the E. coli gene or by another method. The 
invention also provides the LAC4 and LAClZ contain 
ing plasmid, as well as methods for transforming and 
.selecting the S. cerevisz'ae using said 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents Southern hybridization analysis of 
pKRlB-LAC4-l sequences in Lac *5. cerevisiae. 
FIG. 2 sets forth the structure of the yeast plasmids 

described in the present invention. Plasmid A represents 
the pKRlB-LAC4-l, and the other plasmids B. C, D and 
E are derivatives of plasmid A, carrying speci?c dele 
tions therefrom. Plasmid G is pBN53 from which the K. 
Iactt's region of pKRlB-LAC4-l was obtained. 
FIG. 3 sets forth the kinetics of lactose transport in 

Lac+S. cerevisiae. _ 

FIG. 4 demonstrates that lactose transport in Lac‘S. 
cerevisiae is carrier-mediated. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

The invention relates to genetically engineered 
strains of S. cerevisiae which have been transformed so 
that they have the ability to utilize lactose as a sole 
carbon source. The S. cerevisiae is transformed by insert 
ing into it a plasmid containing the LACl2 gene derived 
from K. Iactis. In order to utilize lactose, the S. cerevisiae 
must additionally contain the betagalactosidase struc 
tural gene of K. lactis, LAC4, which may be trans 
formed into the S. cerevisiae concurrently with the 
LACl2 gene, or may be inserted into the strain by a 
different method. Alternately, the lacZ gene derived 
from E. coli may be used instead of LAC4 if lacZ is 
fused to a yeast promoter thereby allowing synthesis of 
beta-galactosidase in yeast. ' 
The invention further relates to plasmids containing 

the LACl2 gene from K. lacti's, as well as methods of 
transforming S. cerevisiae by inserting said plasmids into 
the S. cerevisiae. 
Two different strains of S. cerevisiae were used-in the 

present invention. Strain Ll582 produces high levels of 
beta-galactosidase enzyme activity due to fusion of a 
portion of the E. coli lac operon genes ZYA to the HIS4 
promoter. Since this strain already produces beta-galac 
tosidase, it should theoretically grow on lactose if a 
functional lactose permease system were introduced 
into it. Even though the strain already contained the 
lacY gene, which encodes for an E. coli lactose perme 
ase, the permeasev is apparently not functional since the 
Ll582 strain does not grow on lactose. In addition, 
another strain of S. cerevisiaeg, YNN27 was also used. 
This strain did not contain any part of the E. coli lac 
operon. This strain has been shown to perform well in 
recombinant DNA experiments. 
The plasmid of the present invention, pKR1B-LAC4 

1 also contains the gene for resistance to the antibiotic 
G418 and a K. Iactis ARS which allows replication in K. 
lactis and S. cerew'siae. The plasmid has a 14 kilobase 
(kb) fragment of K. [(ZCIfSDNA containing the beta 
galactosidase gene, LAC4, and, as shown below, an 
adjacent region of DNA that codes for a lactose perme 
ase, LACl2. In addition, the parent vector pKRlB was 
also used, which contains the G418 resistance gene, but 
does not contain the LAC4 or LACl2 genes. 
The present invention provides strains of S. cerevisiae 

capable of utilizing lactose as a sole carbon source. The 
preferred species of this invention is Saccharomyces 
cerevisiae strain Ll582 transformed with pKRlB 
LAC4-l and YNN27 transformed with pKRlB-LAC4 
l. A culture of the transformed Ll582, transformed 
YNN27, ATCC 20758, and of pKRlB-LAC4-l, ATCC 
40186, have been placed on deposit with the American 
Type Culture Collection, 12301 Park Lawn Drive, 
Rockville, Md. 20852, and the accession numbers set 
forth have been assigned thereto. In each case, the de 
posit is restricted until such time as a patent has been 
issued disclosing the above deposits, except that access 
is available under 37 CPR 1.14 and 35 USC 122. After 
issuance of the patent, all restrictions on availability of 
the deposited cultures to the public will be irrevocably 
removed. The deposits will be maintained for a period 
of 30 years from the deposit date, and accordingly, the 
cultures will be permanently available to the public 
after issuance of the patent. 
To construct the S. cerevisiae that grows on lactose,‘ 

strain Ll582 was transformed with pKRlB-LAC4-l 
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4 
and cells were selected for resistance to G418. G418 
resistant transformants were colony puri?ed on 
YEPD/G418 plates and purified colonies chosen at 
random were spotted on MinLac plates (Minimal Lac 
tose Medium) and YEPD plates, in that order. All colo 
nies grew on the G418 and YEPD plates. Only 19% of 
the colonies grew on the MinLac plates. In another 
experiment, 102 to 103 G418 resistant transformed cells 
were spread on MinLac plates. Again, 19% of the G418 
resistant colonies grew on lactose. As a control, Ll582 
was also transformed with the parent vector pKRlB. 
The G418 resistant transformants produced therefrom 
were selected and plated at densities of 106 to 107 cells 
on MinLac plates. No Lac+ transformants were ever 
observed. - 

To rule out the possibility that Lac+ cells were being 
produced as a result of some peculiarity of strain Ll582, 
strain YNN27 of S. cerevisiae was also transformed. 
Again, the G418 resistant transformants were selected. 
Resistant colonies were pooled and plated on MinLac 
plates. Only about one cell in 250 G418 resistant cells 
produced a Lac+ colony, a frequency on the order of 
1/50 that of strain L1582. Lac+ colonies were also 
never observed when YNN27 was transformed with 
parent vector pKRlB. 
As additional evidence that pKRlB-LAC4-l was 

responsible for the observed Lac+ phenotype, the si 
multaneous loss of the Lac+ and G418 resistance char 

1 acteristics was determined. The G418 resistance pheno 
type was used to measure the presence or absence of the 
plasmid. This determination was based on the observa 
tion that vectors having ARS replicons are unstable and 
are lost from cells, particularly when no selective pres 
sure is present. Lac+ L1582 were grown in YEPD 
medium without G418 selection for 10 generations. The 
frequency of G418 resistant cells decreased from about 
20% initially to about 3%, indicating loss of the plas 
mid, and all G418 sensitive cells tested at the end of the 
growth period were Lac". These results indicate that 
the Lac+ phenotype was mediated by the plasmid. 
By contrast, when Lac+ YNN27 were grown in 

YEPD medium for 10 to 20 generations, more than 99% 
of the cells retained the G418 resistance marker, but 
only 10 to 30% were still Laci‘. The stability of the 
G418 resistance phenotype suggested that the vector 
was integrating into a host chromosome. ‘ 

Direct physical proof that Lac+ S. cerevisiae carried 
the pKRlB-LAC4-l, and that the plasmid had inte 
grated into a host chromosome was obtained by South 
ern hybridization analysis using 32P-pKR1B-LAC4-1 as 
a hybridization probe. The Southern hybridization data 
are shown in FIG. 1. Total DNA was extracted from 
yeast and electrophoresed on‘ 0.9% agarose gelsand 
hybridized to 32P-pKRlB-LAC4-1. The numbers in 
parentheses in FIG. 1 represent kilobase pairs which 
were determined by comparison with lambda DNA 

. molecular weight strands. Lanes A and K are puri?ed 
pKRlB-LAC4-l, lane B is uncleaned Ll582/pKRlB 
LAC4-l, lane C corresponds to purified pKRlB-LAC4 
1 cleaved with EcoRI, lanes D-J are LISBZ/pKRlB 
LAC4-l cleaved with EcoRI, lane L is uncleaned 

- YNN27/pKRlB-LAC4-l, lane M is purified pKRlB 

65 

LAC4-1 cleaved with BamI-II and BglII, and lanes N-S 
correspond to YNN27/pKRlB-LAC4l-l cleaved with 
BamHI and BglII. 
As set forth above, total uncleaved DNA isolated 

from 7 independent Lac+ Ll582 transformants showed 
a band of hybridization corresponding to chromosomal 
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DNA (for example, FIG. 1, lane B). If the vector had 
been present in the unintegrated or autonomous state, 
two bands would have hybridized, the faster migrating 
band being supercoiled, and the other being open-circu 
lar DNA (lane A). A lack of these two bands of hybridi 
zation thus con?rmed plasmid integration. Further evi 
dence of plasmid integration was obtained using total 
DNA cleaved with the EcoRI restriction endonuclease. 
If one copy of the plasmid integrated, one of six EcoRI 
vector fragments should have been absent (while 8 
fragments were present, the smallest runs off the gel and 
two of the fragments comigrate as band j), and there 
should have been two new bands representing chromo 
somal sequences ?anking the integrated vector. The 
size of the two chromosomal sequences could not be 
predicted. If more than one copy of the vector had 
integrated tandemly, as often happens, all six of the 
vector bands plus two new bands would have been 
observed. All seven DNA samples (lanes D-J) gave the 
same pattern containing six vector bands (bands b, d, g, 
h, i and j) plus four unique but faint bands (bands a, c, e 
and f). Because four rather than two new bands were 
present, it is likely that the plasmid had integrated at 
two chromosomal locations. Based on densitometer 
scans of autoradiograms, and assuming one copy of 
each unique sequence per transformed cell, three to ?ve 
copies of the plasmid would be present per cell. It can 
not be determined from the above data whether some 
cells had plasmid integrated at one or both sites, and 
whether one site had only one copy of the plasmid 
while the other site had multiple tandem copies. 

Southern hybridization experiments showed that 
pKRlB-LAC4-l had integrated into a chromosome of 
YNN27 since total DNA from 6 Lac+ transformants 
gave one band of hybridization corresponding to chro 
mosomal DNA. A representative of the six samples is 
shown in lane L. To determine if integration had oc 
curred at a single site, and if multiple copies had inte 
grated, the Southern hybridization experiment was re 
peated using total‘DNA cleaved with the restriction 
endonucleases BamI-II and BglII. All DNA samples 
(lane N-S) contained 5 bands (lanes 1,n,o,p,q) corre 
sponding to plasmid fragments plus two less intense 
bands (k and m). Thus, the Lac +YNN27 contained 
multiple tandem copies of pKRlB-LAC4-l and, by 
contrast to Lac+ Ll582, integration had occurred alone 
chromosomal site. Based on densitometry scans of auto 
radiograms, three to ?ve copies of the plasmid were 

_present per cell. In control experiments, 32P-pKRlB-‘ 
LAC4-l did not hybridize to DNA from untransformed 
Ll582 or YNN27. 

In addition, further evidence indicated that pKRlB 
LAC4-l conferred the Lac+ phenotype on its host. 
Usually total DNA from transformed yeasts that inte 
grate the vector cannot transform E. coli because there 
are not autonomous copies of the vector. However, 
some Lac+ transformants of both Ll582 and YNN27 
gave total DNA preparations which would transform 
E. coli for ampicillin and kanamycin resistance. Plasmid 
DNA prepared from such E. 60” had the same EcoRI 
and BamHI/BglII restriction fragment patterns as au 
thentic pKRlB-LAC4-l. Further, this plasmid DNA 
conferred the G418 resistance and Lac+ phenotypes on 
either Ll582 or YNN27 to the same degree as the origi 
nal pKRlB-LAC4 DNA preparation. 

In order to determine which region of pKRlB 
_ LAC4-l was responsible for the Lac+ phenotype, 
Ll582 was transformed with a set of deletion plasmids 

. 6 

as shown in FIG. 2. FIG. 2 shows the construction of 
the pKRlB-LAC4-l plasmids and the speci?c deletions 
thereof. The structure of the basic pKRlB has been 
described in Bhairi, S. M., 1984, Ph.D. thesis, Univer 
sity of Kentucky, Lexington, Ky., hereby incorporated 
by reference. The plasmid carries bacterial genes con 
ferring resistance to ampicillin (Ap) and kanamycin 
(Km) from Tn903, plus the pBR322 origin of DNA repli 
cation that allows replication in E. coli, and a K.v lacris 
autonomous replication sequence (ARS) that allows 
replication in both K. lactis and S. cerevisiae. In yeast, 
the Km gene confers resistance to the antibiotic G418. 
In plasmid A, the direction of transcription of LAC4 is 
shown by an arrow above the diagram, and its ATG 
initiation codon is indicated. DNA sequences are dia 
grammed as follows. The solid thin line indicates E. c011‘ 

‘ plasmid pBR322' the circles represent Tn903 sequences, 
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the open bars stand for K. lacrz's sequences, the solid bar 
represents LAC4 of K. Iactis, the diagonal hatched bars 
indicate K. Iact'is ARSIB. The vertical cross-hatched 
bars represent the TRP l and ARSl regions of S. cerevi 
siae. The restriction endonuclease sites are as follows: R 
represents EcoRI, B stands for BamHI, C indicates 
ClaI, Sa represents SalI, Xh depicts XhoI,'Xb refers to 
Xbal, Bg indicates BglIl, S represents SstII, X identi?es 
XmaIII. The restriction sites shown in parentheses were 
inactivated during plasmid construction. Plasmids D-E 
represent deletions of plasmid A as follows: B repre 
sents A1500, C indicates A1087, D indicates AS-X, and 
E represents AX. Plasmid G is pBN53. 

After transformation of the Ll582 strain with the set 
of deletion plasmids as set forth in FIG. 2, the G418 
transformants obtained were plated on MinLac plates at 
104 and 106 cells/plate. Lac+ colonies were obtained 
with plasmids B, C, and D, but none were obtained with 
E. Therefore, it is concluded that the region of pKRlB 
LAC4-l between —2000 and —8600conveys the Lac“r 
phenotype on strain Ll582. The region of pKRlB 
LAC4-l between -2000 and —8600 is believed to code 
for a lactose permease. Because YNN27 lacks a beta 
galactosidase gene, it can only be transformed to the 
Lac+ phenotype by plasmids having a betagalactosi 
dase structural gene LAC4 in addition to an intact 
—2000 to -—8000 region , plasmids A, B and C. 

If pKRlB-LAC4-l confers the Lac‘r phenotype on 
S. cerevisiae because it codes for a lactose permease, 
then the lactose transport in Lac+ S. cerevisiae and K. 
Iacn's should have similar properties. The kinetics of 
lactose transport were ?rst measured to determine if 
Lac+ S. cerevisiae transported measurable quantities of 
lactose and to determine the time scale over which the 
apparent initial velocity of transport could be measured. 

‘ '.The results are set forth in FIG. 3. For the purposes of 

55 

65 

FIG. 3, the ?nal concentration of lactose was 0.5 mM. 
The samples in FIG. 3 are as follows. °—O represents 
K. Iactis strain MS425/pKRlB, l:l—l] represents S. 
cerevisiae strain Ll582/pKRlB-LAC4-Al087, A-—A 
represents S. cerevisiae strain YNN27/pKRlB-LAC4-l, 
and '—-' represents S. cerevisiae strain 
L1582/pKRlB. Both Lac+ S. cerevisiae strains 
Ll582/pKRlB-LAC4-Al087 and YNN27/ pKRlB 
LAC 4- l transported easily measured pmole amounts 
of lactose, although at a slower rate than K. lacn's strain 
MS425/pKRlB. The lactose transport was linear up to 
at least three minutes, thus allowing measurement of 
apparent initial velocity. FIG. 3 indicates that a control 

. strain of S. _cerevisiae Ll582 transformed with the parent 
vector pKRlB did not transport lactose. 
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Lactose transport mediated by a membrane-bound 

permease is demonstrated by saturation of the transport 
process at high concentrations of lactose. Alternatively, 
transport by simple diffusion across the membrane is 
demonstrated by a lack of saturation. FIG. 4 indicates 
that lactose transport in Lac+ S. cerevisiae is carrier~ 
mediated. The rate of lactose transport as a function of 
substrate concentration is shown for two experiments 
using Lac+ Ll582/pKRlB-LAC4-l (°—°) and 
Lac‘l- Ll582/pKRlB-LAC4-A1087'(U—EI). For each 
concentration of lactose, the rate of transport repre 
sented the average of samples taken at 30, 60, and 90 
seconds. Thu's, FIG. 4 shows that lactose transport in 
Lac+ cells becomes saturated with increasing concen 
trations of lactose. The data disclosed in FIG. 4 gave 
apparent Km values of 0.97 and 1.09 mM for lactose 
transport. K. lactis strain M5425 gave an apparent Km 
of 0.67+0.ll for lactose transport. ~ 

Carrier-mediated membrane transport processes dis 
play a high degree of stereospeci?city for substrate. 
Thus, the Ll582/pKRlB-LAC4‘l will show the same 
stereospeci?city for substrate as K. Iactis if pKRlB 
LAC4-l carries a K. lactz's gene coding for a lactose 
permease. Stereospeci?city is shown by measuring how 
well a compound inhabits lactose transport (See Table 
1). Lactose is a 4-O-beta-D-galactosyl-D-glucose, a beta 
galactoside, and thus lactose transport is inhibited only 
weakly by alphagalactosides, melibiose, and 4-nitrophe 
nyLalpha-D-galactose. The lactose permease shows 
speci?city for a disaccharide because the monosaccha 
ride galactose gave only moderate‘ inhibition. The per 
mease also preferred an O-linkage to a thio-linkage 
since thiogalactoside gave only moderate inhibition. 
The strongest inhibition was shown by a disaccharide _ 
with a 
arabinose. 

beta'O-linkage, S-O-beta-D-galactosyl-D 

TABLE I 

Sterospecificitv of Lactose Transport 
% Inhibition of 

Lactose Transport” 
K. Iacn's S. cerevisiae 
MS425/ Ll582/ 

Competing Compound pKRlB pKRlB-LAC4-l 
None 0 0 
D-galactose 26 24.3 i 7.2 
é-o-a-D-galactosyl-D-glucose 10 10.7 t 8 
(melibiose) 
3-O-B-D-galactosyl-D-arabinose 93 
4-nitrophenyl-a-D-galactoside 6 
D-galactosyl-l-thio-B-D-galactoside 28 
(thiodigalactoside) 
"Cells were prepared for lactose transport measurements as described in Example 8. 

After warming the cells to 23° C. the competing 
compound was added to a ?nal concentration of 50 
mM. Thirty seconds later [14C] lactose was added to a 
final concentration of 1 mM and 100 pl samples were 
filtered l and 2 minutes later. The concentration of 
inhibitor was chosen so that if it had the same Km for 
transport as lactose (l'mM used for the calculation), 
lactose transport would be inhibited by 97% (5O Km/SO 
Km+Km+O.25 Km=% inhibition). For K. laws the 
experiment was done twice and for S. cerevz'siae it was 
done three times. Averaged values with or without a 
standard deviation are shown. 

Finally, the lactose transport in LAC+ S. cerevisiae 
was determined to be an energy-dependent process, as it 
is in K. lactis. To measure energy dependence, cells 
were pre-incubated for 20 minutes with 1 mM 2,4-dini 
trophenol at ambient temperature. Lactose transport 
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was inhibited almost completely both in the Lac+ strain 
of S. cerevisiae , Ll582/pKRlB-LAC4-l. and in the K. 
Iactis strain MS425/pKRlB. 
The growth rate of Lac+ S. cerevisiae was determined 

by measuring the doubling time of cells. Strains were 
pre-grown to logarithmic phase in MinLac medium, 
then diluted to fresh medium, and the absorbance was 
measured. Doubling times were as fllows: K. Iaclis wild 
type strain Yll4O was 1.6 hours, S. cerevisiae strain 
Ll582/pKRlB-LAC4-l was 13.0 hours, 
Ll582/pKRlB-LAC4-A1087 was 10.0 hours, and 
YNN27/pKRlB-LAC4-l was 6.7 hours. These growth 
rates were re?ected in the growth rate of colonies on 
MinLac plates. 

Additional evidence that the —2000 to —8600 region 
of pKRlB-LAC4-l codes for a K. Iactis lactose perme 
ase was obtained by demonstrating that a mutation map 
ping 1.6 centiMorgans from LAC4 produces a perme 
ase minus phenotype. This mutation and the permease 
minus phenotype can be complemented by pKRlB 
LAC4-l or plasmids, B, C or D, shown in FIG. 2. A 
mutant strain of K. lactis defective in lactose transport 
was obtained by plating 105 to l07 cells of strain 130476 
on MinLac plates containing dextrose plus 40pg of 
5-bromo-4-chloro-3-indolyl-B-D-galactoside (Xgal) per 
ml. Strain l3C476 will not grow on this medium be 
cause the lactose is hydrolysed to galactose which in 
hibits growth due to a mutation in the galactosyl epim 
erase (EC 5.1.3.2) structural gene, gallO. Revertants that 
become resistant to lactose and thus allow growth on 
these plating conditions can arise by mutation in one or 
more genes including reversion of the original gallO-l 
mutation in stra in 115C476, mutation in the galactoki 
nase structural gene, GALl, mutation in a positive reg 
ulatory gene, and mutation in the lactose permease 
gene. After several days of incubation lactose-resistant 
revertant colonies appeared at a frequency of one in 106 
cells. These were picked, colony puri?ed, and back 
crossed to a Lac+ strain of K. lactis. In this manner the 
mutation that gave rise to the lactose-resistant pheno 
type could be separated from the original gallO-l and 
laclOc mutations carried by K. Iacti's strain l3C476. Lac 
tose-resistant mutants that showed a white or light blue/"l 
colony color on MinLac plates containing dextrose and 
Xgal were selected for further study. A defect in the 
lactose permease should produce a cell that would not 
grow on lactose and would not‘showinduction of beta 
galactosidase and the galactose catabolic enzymes. This 
lack of induction, which is due to exclusion of the indu 
cer lactose, would yield white colonies on the Xgal 
indicator plates. Lactose-inducible enzymes were mea 
sured on cell-free extracts prepared from cells grown on 
double strength yeast nitrogen base (Difco) containing 
2% sorbitol plus required nutrients either in the absence 
(uninduced) or presence of 2% galactose (induced). 
Under these conditions wildtype K. lactis strain Yl 140 
had uninduced beta-galactosidase and galactokinase 
specific activity levels of 100 and 5 units, respectively, 
and induced levels of 6500 and 100, respectively. A 
lactose-resistant mutant strain, called llD304, showed 
uninduced beta-galactosidase and galactokinase levels 
of 190 and 10, respectively, and induced levels of 4000 
and 90, respectively. Therefore this strain induced beta 
galactosidase and galactokinase normally. In contrast. 
strain llD304 when grown under the same inducing ' 
conditions as for the enzyme activity assays, failed to 
showinduction of transport activity. Lactose transport 
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activity was measured as described in Example 10. 
Strains Y1 140 and 11D305 had uninduced lactose trans 
port activities of 40 and 1.3 picomoles of lactose/A600. 
/ minute, respectively, and values of 800 and 4.5, respec 
tively, after induction for 24 hours by growing in me 
dium containing 2% galactose. The lactose transport 
data demonstrate that strain 11D304 has about 30-fold 
less basal transport activity than wild type strain Y1140 
and the transport activity is only induced about 2 to 
3-fold, which is much less than the 20-fold induction 
seen in strain Y1 140. Thus, strain 11D305 carries a mu 
tation in the lactose permease structural gene, desig 
nated LAC12. The lacl2-230 mutation in 11D304 was 
mapped with respect to LAC4 by tetrad analysis. Data 
are summarized below: ' 

TABLE II 
Type of Tetrad 

Parental Ditype 
cross (0 Lac+z4 Lac“) 

, 10 

4559-4563); L'1S82 (aino HIS4zzlacZ) was obtained 
from G. R. Fink, Massachusetts Institute of Technol 
ogy, Cambridge, Mass. 

K'Iacn's : Wild type strain Y1 140 (a lacl LACZ) and 
mutant strain M5425 (alac4-8 adel-l) and strains with 
the alleles 1ac4-14, lac4-23 and 1ac4-3O have been de 
scribed in Sheetz, R. M. and Dickson, R. C. (1981) 
Genetics 98, 729-745, hereby incorporated by refer 
ence. 

Other mutant strains of K. lactis (unpublished results) 
include 13C476 (laclOc -1 gallO-l his2-2 met2-2 trpl-l) 
and 11D305 (lac12-23O his2-2). 
The antibiotic G418 sulfate was obtained from Grand 

Island Biologicals (Grand Island, N.Y.), and the antibi 
otics kanamycin and ampicillin were from Sigma (St. 

Non-Parental Ditype 
(2 Lac+z2 Lac‘) 

Lac 12-230 X lac4-8 86 3 
Lac 12-230 X lac4-14 65 0 
Lac 12230 X lac4-23 l8 2 
Lac 12-230 x lac4-30 19 _0 

188 5 

These tetrad data show that LAC12 maps 1.6 centimorgans from LAC-1. 

A mutation which maps 1.6 centiMorgans from 
LAC4 could occur in the chromosomal region that is 
homologous to the —2000 to -_-8600 region of pKRlB 
LAC4-1. If this were true then pKR1B-LAC4-1 or a 
derivative of it carrying the-2000 to —86OO region, 
plasmids B, C and D in FIG. 2, should complement the 
12-230 mutation in strain 11D304 and convert the strain 
from a permease minus (Lac-) to a permease plus 
(Lac-t) phenotype. This implies that the —2000 to 
-8600 region of pKRlB-LAC4-1 codes for a lactose 
permease. To test this hypothesis strain 11D305 was 
transformed with plasmids A,B,C,D,E and F (FIG. 2). 
Transformed cells were first selected for resistance to 
G418 arid then screened for growth on MinLac plates 
by replica plating or streaking for single colonies. Plas 
mids A,B,C and D give rise to Lac+ colonies and there 
fore complemented the mutation 12-230. Plasmids E 
andF did not give rise to Lac+ colonies and therefore 
did not complement the mutation 12-230. Thus, the 
region of pKRlB-Lac4-l between -2000 and —8600 
codes for the K. lactis lactose permease. 

Therefore, the present invention provides a microor 
ganism which has the characteristics of a strain of S. 
cerevisiae which is capable of utilizing lactose as a sole 
carbon source. S. cerevisiae having this characteristic 
can thus utilize lactose directly, without a preliminary 
step of ?rst hydrolyzing the lactose to form glucose and 
galactose, as is necessary with wild type S. cerevisiae. 
This'characteristic provides an economical and efficient 
method of obtaining chemical products, such as etha 
nol, by conversion of the lactose in whey, a by-product 
of the cheese industry. ' 
The following examples are presented to illustrate the 

invention, but it is not to be considered as limited 
thereto. In the examples and throughout the speci?ca 
tion, parts are by weight unless otherwise indicated. 

In the examples, the following materials were used: 
E. coli : Strain DG75 (hsdl leu6 aral4 galK2 mtll 

rpsL20 thil supE4-4 lacAZ39 it) was used for all bacte 
rial transformations and plasmid propagations. 

S. cerevisiae: Strains YNN27 (atrpl-289 ura3-52 gal2, 
Stinchomb et a1 (1980) Proc. Natl. Acad. Sci. USA. 77, 
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Louis, Mo.). Restriction enzymes, enzyme grade bovine 
serum albumin and DNA polymerase I (Klenow frag 
ment) were products of BRL (Bethesda, Md.) D 
G1ucose-[14C]lactose was from Amersham (CPA 278; 
58mCi/mM; Lexington, Mass.) Bromochloroindole 
galactoside (X gal) was purchased from Research Or 
ganic Inc., Cleveland, Ohio._ 
YEPD contained 20 g glucose, 20 g peptone and 10 g 

yeast extract per liter. Minimal lactose medium (Min 
Lac) contained 3.4 g yeast nitrogen base (Difco, with 
out amino acids or ammonium sulfate), 10 g ammonium 
‘sulfate, 20 g lactose, 10 mg uracil, 40 mg leucine, 40 mg 
tryptophan and 40 mg histidine per liter. Petri plates of 
the above media contained 15 g agar/liter. 

Plasmid pKRlB has been described hereinabove (See 
FIG. 2). pKRlB has also been described in Sreekrishna, 
K., Webster, T. D. and Dickson, R. C. (1984) Gene 
28:73-81. E. coli were transformed according to the 
method of Dagert, M. and Ehrlich, S. D. (1979) Gene 
6:23-28. Small and large scale preparations of plasmid 
DNAs were obtained from E. coll’ by the method of 
Birnboin, H. C. and Doly, J. (1979) NucL-Acids Res. 

, 1513-1523. Puri?ed supercoiled plasmid DNA was 
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' obtained by CsCl-EtBr density gradient centrifugation. 
Yeasts were transformed according to the procedure of 
I-Iinnen, A., Hicks, .1. B. and Pink, G. R. (1978) Proc. 
Natl. Acad. Sci. USA. 75:1929-1933 and transformants 
resistant to the antibiotic G418 were selected using the 
scheme of Webster, T. D. and Dickson, R. C. (1983) 
Gene 26:243-252. Total yeast DNA from both un 

transformed and transformed cells were prepared by 
the method of Struhl, K., Stinchcomb, D. T., Scherer, 
S. and Davis, R. W. (1979) Proc. Natl. Acad. Sci. 
USA. 6:1035-1039. Southern hybridization has been 
described (Southern, E. M., 1975, J. Mol. Biol. 
982503-517). The other plasmids are described in Exam 
ple 3 and were described in Bhairi, S. M., 1984, Ph.D. 
Thesis, University of Kentucky, Lexington. Ky. 
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. EXAMPLE 1 

K. lacti's DNA was prepared as follows. K. lactis 
strain Yll40 was grown to stationary phase in double 
strength yeast nitrogen base (Difco) containing 1% 
glucose and was diluted into fresh medium to give an 

_ initial density of 0.3 A600 units/ml. Growth at 30° C. 
was continued until density reached a value of 11 A600 
units/ml. Cells were harvested by centrifugation at 5000 
X g for 5 minutes in a G53 Sorvall rotor at room tem 
perature. The cell pellet was resuspended in one-tenth 
volume of 1.2M sorbitol, 50 mM NaPO4 (pH 7.9), 20 
mM dithiothreiotol. Zymolyase 60,000 (Miles Labora 
tories) was added to a ?nal concentration of 40 pg/ml 
and the culture was incubated at 30° C. with gentle 
shaking. Extent of conversion to spheroplasts was mon 
itored by comparing the cell count following a tenfold 
dilution into 1.5M sorbitol with a ten-fold dilution into 
5% sodium dodecyl sulfate. When greater than 80% of 
the cells were converted to spheroplasts, the sample 
was centrifuged for 5 minutes at 1000 X g at room tem 
perature. The spheroplasts were suspended in l/200 of 
their original volume using a 1.5M sorbitol solution. 
Three volumes of PLBII (0.1M NaCl, 0.02M EDTA, 
pH 7.0) and 1 volume of DM solution (10 mM Tris-HCl, 
20 mM EDTA, 2% sarcosyl, 3% deoxycholate, 5% 
sodium dodecyl sulfate, pH 8.0) were added and the 
mixture was gently shaken on a rocker platform for 20 
minutes. A mixture of 4.volumes of PLBII and 1 vol 
ume of DM was added to give a ?nal A260 value of 10 
units/ml and the solution was extracted with an equal 
volume of phenolzchloroform (1:1) saturated with 
PLBII. Extraction with phenolzchloroform was re 
peated for a total of three times, after which the aqueous 
phase was extracted once with an equal volume of chlo 
roform. The aqueous phase was adjusted to 0.25M NaCl 
and the DNA was precipitated with 2 volumes of 95% 
ethanol at —20° C. overnight. DNA was centrifuged at 
5000 X g for 20 minutes at 4° C. in a GAS Sorvall rotor. 
The DNA pellet was suspended in 15 to 20 mls of 50 
mM Tris (pH 7.0) and CsCl was added to a ?nal concen 
tration of 0.95 gm/ml (Refractive Index:l.4000). DNA 
was banded by equilibrium centrifugation at 55,000 rpm 
for 20 hours in a Ti70 Beckman rotor at 20° C. Fractions 
were collected from the bottom of the tube by punching 
a hole with an 18 gauge needle. Every fourth fraction 
was analyzed for the presence of DNA by electrophore 
sis of a 30 pl sample on a 0.8% agarose gel. The frac 
tions containing DNA were pooled and precipitated 
overnight with 3 volumes of 70% ethanol at 40 and 
reprecipitated with 0.3M sodium acetate and 3 volumes 

' of 95% ethanol at —20° C. The DNA was dissolved in 
10 mM Tris (pH 8.0), 1 mM EDTA. 

EXAMPLE 2 

K. lactis DNA fragments of 10-25 kb were isolated as 
follows. Initially a small scale digestion of K. Iactis 
DNA of Example 2 was set up to determine the optimal 
concentration of the Sau3A enzyme and the DNA, and 
to determine the period of incubation required to 
achieve a maximum yield of 10-25 kb DNA fragments. 
For large scale digestion these parameters were in 
creased proportionately. For example, ?ve reaction 
tubes each containing 200 pg of K. laczis DNA in 1 ml 
of medium salt buffer (Bethesda Research Laboratories) 
plus 100 pg/ml BSA were equilibrated at 37° C. Six 
units of Sau3A restriction endonuclcase (Bethesda Re 
search Laboratories) were added to‘ each tube and the 
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tubes were incubated for 10, 15, 20, 30 and 35 minutes. 
The digestions were terminated by adding EDTA to a 
?nal concentration of 15 mM and heating at 65° for 10 
minutes. To concentrate the DNA the contents of ?ve 
tubes were pooled and extracted twice with phenol: 
chloroform(1:1) saturated with 50 mM Tris-HCl (pH 
8.0), 1 mM EDTA. The aqueous layer was extracted 
with an equal volume of ether and the ether was re 
moved by heating at 60° C. for 10 minutes. DNA was 
precipitated with 0.3M sodium acetate and 3 volumes of 
95% ethanol overnight at —20° C. The sample was 
centrifuged at 12,000 X g for 30 minutes at 4° C. in an 
HB4 Sorvall rotor. The pellet was washed with 70% 
ethanol, dried, dissolved in 1 ml of 5 mM EDTA (pH 
8.0) at a concentration of 1 mg/ml and loaded on a 
sucrose gradient prepared as follows. Sucrose solutions 
(40% (w/v) and 10% (w/v)) were made in 1M NaCl, 20 
mM Tris (8.0), 5 mM EDTA and sterilized by autoclav 
ing for 15 minutes. The gradient apparatus (Buchler 
Instruments, Fort Lee, NJ.) and the teflon tubing were 
thoroughly cleaned with distilled water, 0.1% diethyl 
pyrocarbonate, 5 mM EDTA, and sterile deionized 
'water in that order. Sau3A digested DNA (250 pg in 
250 pls) was layered on a gradient and the gradient was 
centrifuged at 26,000 rpm for 30 hours at 20° C. in a 
Beckman SW27 rotor. Thirty-drop fractions were col 
lected from the bottom of the gradient by pumping with 
a peristaltic pump. Thirty microliters of every ?fth 
fraction were electrophoresed on a 0.8% agrose gel to 
determine the presence of DNA and also to estimate its 
size. Fractions containing 10-25 kb DNA fragments 
were pooled and precipitated with an equal volume of 
isopro'panol at —~20° overnight. The sample was centri 
fuged in a Sorvall HB4 rotor at 12,000 X g for 30 min 
utes at 4° C. The DNA pellet was resuspended in water 
and reprecipitated with 0.3M sodium acetate (pH 4.8) 
and 2 volumes of ethanol. The DNA pellet was dis 
solved in 1 mM EDTA (pl-I 8.0). 

EXAMPLE 3 

The plasmid pKRlB-LAC4-l was constructed as 
follows: 
Three micrograms of YRp7 plasmid DNA (Struhl, 

K., et al 1979) were digested with 10 units of Barn H1 in 
50 pl of buffer (Bethesda Research Laboratories, Be 
thesda, Md.) containing 100 pg/ml of BSA for 90 min 

. utes at 37° C. The reaction mixture was diluted to 250 pl 
with 50 mM Tris (pH 8.0) 5 mM MgCl2, and incubated 
with 2 units of calf intestine alkaline phosphatase at 37° 
C. for 15 minutes and then at 60° C. for 15 minutes. The 
reaction mixture was twice extracted with phenol: chlo 
roform: isoamyl alcohol (25:24zl) saturated with 50 mM 
Tris (pH 8.0) and 1 mM EDTA to remove the enzyme. 
Phenol was removed by extracting with ether. Ether 
was removed by heating at 60° C. for 10 minutes. The 
DNA was precipitated with 0.3M sodium acetate and 
67% ethanol, and dissolved in 60 pl of water. 

Phosphatase-treated vector (0.5 pg) was mixed with l 
to 2.5 pg of l0—25 kb K. lactis Sau3A-generated DNA 
fragments (see Example 2)in 300 pl of T4 DNA ligase 
buffer supplemented with 100 pg/ml BSA and incu‘ 

‘ bated with 2 units of T4 DNA ligase at 4° C. for 16 

65 

hours. 
One-hundred microliters of competent E. coli DG75 

were transformed by incubation with 30 pl portions of 
the ligated DNA at 0° C. for 25 minutes and heated at 
37° C. for 3 minutes. The cells were allowed to grow at 
37° C. for 1 hour in 1 ml of LB'medium to allow expres 
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sion of plasmid encoded genes. The transformation 
mixture from several tubes was pooled, centrifuged and 
suspended in 1 ml of LB medium. One-hundred microli 
ters of cells were spread on LB-ampicillin plates and 
incubated at 30° C. for 20-24 hours. The transformants 
from several plates were pooled, centrifuged, and sus 
pended in 5 ml of 50% glycerol, 5 mM MgC12. They 
were stored in 500 pl portions at —20° C. and will be 
referred to below as the Sau3A clone bank. 

EXAMPLE 4 

The Sau3A clone bank produced in Example 3, was 
screened for the presence of a plasmid carrying LAC4 
by in situ colony hybridization using the 32P-labelled 2.4 
kb EcoRI fragment of pKl6 (Dickson, R. C. and Mar 
kin, J. S. 1978. Cell 15112-130) as a hybridization probe. 
This EcoRI fragment contains the ATG codon of 
LAC4 as shown on plasmid A in FIG. 2. For this pur 
pose the Sau3A clone bank was spread on ten LB 
Ampicillin plates (5,000 cells per plate) conta in ing 
Xgal, the chromogenic substrate for beta-galactosidase. 
The substrate was included to screen for colonies that 
might fortuitously express LAC4 and could be recog 
nized by their blue color. Several blue colonies (about 
20 per plate) were observed after 16-20 hours of incuba 
tion at 30° C. Colonies from each plate were transferred 
to Whatman 541 ?lters, chloroamphenicol amplified 
and hybridized to the probe according to the proce 
dures of Gergen, J. P., Stern, R. H. and Wensink, P. C. 
(19 79) Nucl. Acids Res. 7:2115-2136. Autoradiography 
revealed that all the blue colonies hybridized to the 
probe as expected. Blue colonies were colony-puri?ed 
by repeated streaking on ampicillin plates containing 
Xgal and screened for tetracycline sensitivity. Of the 
140 colonies tested, 20 turned out to be tetracycline 
sensitive as expected if a Sau3A fragment had been 
cloned into the BamI-II site which is in the tetracycline 
gene of the vector. Small scale DNA was prepared 
from the 20 blue tetracycline-sensitive colonies. 
The EcoRI restriction pattern of each of these DNAs 

was determined on the 0.9% agarose gel and compared 
with that of pK16. One of the twenty plasmids tested, 
pBN53 (plasmid G in FIG. 2), was selected for further 
restriction analysis because it contained the EcoRI frag 
ments of pKl6 corresponding to K. Iactis DNA plus 
other K. Iactis fragments. The 13 kb Xhol DNA frag 
ment from pBN53, containing K. Iactis DNA, was sub 
cloned into the SalI site of pKRlBThe resulting plas 
mid, pKRlB-LAC4-1 (FIG. 2) was used to transform 
the K. Iacti's mutant strain M5425. Transformants were 
?rst selected for G418 resistance (75 pg of antibiotic/ml 
of agar medium) and then tested for growth on MinLac 
plates. Six 64:8 resistant colonies were also Lac+ sug 
gesting that the Lac+ phenotype was conferred by the 
plasmid. These data show that pKRlBLAC4-l carries a 
DNA sequence that can complement the lac4 mutation 
in M8425. . 

Plasmids B (FIG. 2) and C (FIG. 2) were constructed 
by linearizing pKRIB-LAC4-l at its unique SstII site 
followed by limited Bal3l treatment and Still linker 
insertion. The precise extent of deletion towards the 
LAC4 side was established by DNA sequencing 
(Bhairi: 1984), while the deletion towards the other side 
was estimated by determining the size of the DNA 
fragment obtained after digestion of the plasmids with 
both SalI and Xbal. Plasmid E (FIG. 2) was generated 
by XmaIII digestion of pKR1B-LAC4-1 followed by 
self ligation. Plasmid D (FIG. 2) was constructed _by 
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linearizing pKRlB-LAC4-l with SstII followed by 
partial digestion with XbaI, blunt ending with DNA 
polymerase I and ligation. The ligation mixture was 
used to transform E. coli DG75 for ampicillin and kana- _ 
mycin resistance. Plasmid DNA was analyzed from 
several transformants to screen for the desired deletion 
plasmid. 

EXAMPLE 5 

To construct the S. cerevisiae that grows on lactose, a 
strain of L1582 was transformed with pKRlB-LAC4-l 
and cells were selected for resistance to G418. The 
procedures of Webster, T. D. and Dickson, R. C., 
(1983) Gene 26:243-252 were used to transform and 
select G418 resistant transformants of S. cerevisiae. Ten 
G418 resistant transformants were colony purified on 
YEPD/G418 (200 ug/ml) plates and 62 purified colo 
nies chosen at random were spotted on MinLac, 
YEPD/G418 (200 pg/ml), and YEPD plates, in that 
order. All 62 colonies grew on the G418 and YEPD 
plates. Only 12 colonies (19%) grew on the MinLac _ 
plates. In another experiment, 102 to 103 G418 resistant 
transformed cells were spread on MinLac plates. Again, 
19% of the G418 resistant colonies grew on lactose. As 
a control, Ll582 was also transformed with the parent 
vector pKRlB. The G418 resistant transformants pro 
duced therefrom were selected and plated at concentra 
tions in the range of 102 to 106 per MinLac plate. No 
Lac+ transformants were ever observed. 

EXAMPLE 6 

To rule out the possibility that Lac+ cells were being 
produced as a result of some peculiarity of strain L l 582, 
strain YNN27 of S. cerevisiae was also transformed. 
YNN27 was transformed with pKRlB-LAC4-l and the 
G418 resistant transformants were selected. Resistant 
colonies were pooled and 102 to 106 cells were plated on 
MinLac plates. Only one cell in 250 G418 resistant cells 
produced a Lac+ colony, a frequence on the order of 
l/5O that of strain Ll582. Lac+ colonies were also 
never observed when YNN27 was transformed with 
parent vector pKRlB. I 

EXAMPLE 7 

As additional evidence that pKRlB-LAC4-l was 
responsible for the observed Lac+ phenotype, the si 
multaneous loss of the Lac+ and G418 resistance char 
acteristics was determined. The G418 resistance pheno 
type was used to measure the presence or absence of the 
plasmid. This determination was based on the observa 
tion that vectors having ARS replicons are unstable and 
are lost from cells, particularly when no selective pres 
.sure is present. Lac+ Ll582 were grown in YEPD 
medium without G418 selection for 10 generations. The 
frequency of G418 resistant cells decreased from 20% 
initially to 3%, indicating loss of the plasmid, and all 100 
G418 sensitive cells tested at the end of the growth 
period by replica plating were Lac—. These results 
indicate that the Lac+ phenotype was mediated by the 
plasmid. ' - 

EXAMPLE 8 

By contrast, when Lac+ YNN27 were grown in 
YEPD medium for 10 to 20 generations. more than 99% 
of the cells retained the G418 resistance marker, but 
only 10 to 30% were still Lac‘r. The stability of the 
G418 resistance phenotype suggested that the vector 
was integrating into a host chromosome. 
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. EXAMPLE 9 

Direct physical proof that Lac+ S. cerevi‘siae carried 
the pKRlB~LAC4-l, and that the plasmid had inte 
grated into a host chromosome was obtained by South 
ern hybridization analysis using 32P-pKRlB-LAC4-l as 

. a hybridization probe. The Southern hybridization data 
are shown in FIG. 1. Total DNA was extracted from 
yeast using the procedure described in Methods in Enzy 
mology (1980) 652408-410 and electrophoresed on 0.9% 
agarose gels. DNA was transferred to nitrocellulose 
and hybridized to 32P-pKRlB-LAC4-l. 

EXAMPLE 10 

The kinetics of lactose transport were measured to 
determine if Lac+ S. cerevisiae transported measurable 
quantities of lactose and to determine the time scale 
over which the apparent initial velocity of transport 
could be measured. Lactose transport was measured 
using the following procedure. Saturated cultures of 
cells were obtained by growth at 30° C. in medium A: 
10 g yeast extract, 20 g peptone, 100 ml of 20%‘lactic 
acid (titrated to pH 4.5 with solid sodium hydroxide) 
and 100 ml of 20% glycerol per liter, or medium B: 3.4 
g yeast nitrogen base (Difco, without amino acids or 
ammonium sulfate), 10 g ammonium sulfate, 3 g 20 mg 
adenine, 20 mg uracil, 20 mg leucine, 20 mg histidine, 20 
mg tryptophan. 20 mg methionine and 20 mg lysine per 
liter. Strain MS425/pKRlB of K. Iactz's was grown on 
medium A containing 10 ug G4l8/ml, while S. cerevi 
siae strains Ll582/pKRlB, and YNN27/pKR1B were 
grown on the same medium containing 200 ug Gtl8/ml 
Strains Ll582 or YNN27 transformed with either plas 
mid A, B, or C (autonomous or integrated) were grown 
on medium B. , ' 

This procedure is a modi?cation of the procedure 
described by Serrano, R. (1977) European J. of Bio 
chem. 80:97-l02- To prepare cells for transport mea 
surements, a saturated culture was diluted into fresh 
medium and grown from'0.l to 3+1A600/ml. Cells were 
harvested by ?ltration (45 mm dia, 0.45 um Millipore 
type HA), washed four times with 10 ml of ice cold 
distilled water, and then resuspended in 100 mM tartaric 
acid (titrated to pH 4.2 with sodium hydroxide) at 60 to 
100 A600/m1. At this point cells could be stored at 4° C. 
for up to 24 hours without loss of transport activity. 
To measure lactose transport, a sample of cells, 0.3 to 

1.0 ml, was warmed to 23° C. for 2 min, lactose was 
added to the desired concentrations and at zero time 
0.luCi of D-Glucose-[l‘iqlactose (CPA 278; 58 
mCi/mM; Amersham Corp., Lexington, Mass.) was 

' added per 0.3 ml of cells. At the indicated times 100 pl 
samples were ?ltered on 25 mm diameter Nuclepore 
?lters (0.4um pore size; Nuclepore Corp, Pleasanton, 
Cal.). The ?lter was washed twice with 5 ml of ice cold 
distilled water, dried and counted in 4 ml of a toluene 
based cocktail containing 250 ml of triton X-lOO and 6.5 
g p-terphenyl per liter using a liquid scintillation 
counter. The speci?c activity, cpm/pmole of lactose, of 
each reaction was determined by counting a 10 p.l sam 
ple. Data are expressed as pmoles of intracellular lac 
tose per A600. Background transport was measured 
using cells that were heated for 3 min at 90° C. Typical 
background was 25 to 30 cpm. 

EXAMPLE 11 

The lactose transport in Lac+ S. cerevisiae was deter- 
mined to be an energy-dependent process, as it is in K. 
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[0011's. To measure energy dependence, cells were pre 
incubated with 1 mM 2,4-dinitrophenyl for 20 minutes 
at ambient temperature and then the uptake of 1 mM 
l‘l'C-lactose was measured. Lactose transport was inhib 
ited 91% both in the Lac+ strain of S. cerevisiae , 
Ll582/pKRlB-LAC4-l, and in the K. lactis strain 
MS425/pKRlB. 

EXAMPLE 12 

The growth rate of Lac+ S. cerevisiae was determined 
by measuring the doubling time of cells. Strains were 
pre-grown to logarithmic phase in MinLac medium, 
then diluted to fresh medium, and the A600 was mea 
sured from 0.2 to saturation. 
The invention has been described herein with refer 

ence to certain preferred embodiments. However, as 
obvious variations thereon will become apparent to 
those skilled in the art, the invention is not to be consid 
ered as limited thereto. 
What is claimed is: 

I 1. A Lac+ Saccharomyces yeast strain having B 
galactosidase activity, said strain having been trans 
formed by insertion of a vector carrying a Lac l2 
Kluyveromyces yeast gene which confers on the strain 
the ability to utilize lactose as its sole carbon source 
when cultured under appropriate lactose utilization 
conditions. 

2. The yeast strain of claim 1, being a Saccharomyces 
cerevisiae strain. 

3. The yeast strain of claim 1, wherein 
a beta-galactosidase gene encoding the B-galactosi- 

dase activity is carried by the vector. 
4. The yeast strain of claim 3, wherein 
the B-galactosidase gene is LAC 4. 
5. The yeast strain of claim 1, wherein the Lac l2 

Kluyveromyces yeast gene is a K. Iactis gene. 
6. The yeast strain of claim 1, having the ATCC 

Accession No. 20757. 
7. The yeast strain of claim 1, having the ATCC 

Accession No. 20758. _ ’ 

8. a vector capable of replication and gene expression 
in yeast carrying a DNA fragment comprising a Lac l2 
Kluyveromyces permease yeast gene. 

9. The vector of claim 3, wherein 
the Lac l2 Kluyveromyces gene is a Lac 12 K. laclz's 

gene. ' 

10. The vector of claim 7, further carrying 
a beta-galactosidase gene. 
11. The vector of claim 10, wherein 
the beta-galactosidase gene is LAC4. 
12. The vector of claim 8, having the ATCC Acces 

sion No. 40186. 
-l3. A LAC+ Saccharomyces yeast strain having the 

ability to ferment lactose directly from whey without an 
intermediate hydrolysis step, said eyast strain carrying 
the vector of claim 8 and a B-galactosidase gene capable 

' of expression by the yeast strain. 
14. A Saccaromyces yeast strain transformed with a 

vector capable of replication and gene expression in 
yeast, said vector carrying a DNA fragment comprising 

_ a‘ Lac l2 Kluyveromyces yeast lactose permease gene 
and a ,B-galactosidase gene. . 

15. A method of preparing the yeast strain of claim 1. 
comprising - - 

inserting into a Lac— Saccharomyces yeast strain a 
vector carrying a Lac l2 Kluyveromyces permease 
gene to confer the strain the ability of utilizing 
lactose as its sole carbon source when cultured 
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under appropriate carbohydrate utilization condi 
tions. 

16‘ The method of claim 15, wherein 

the Saccaromyces yeast strain is Sacchaomyces cerevi 

' siae. 

17. The method of claim 15, wherein 

the inserted vector plasmid further carries a beta 

galactosidase gene. 
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18. A method for converting lactose contained in 

whey into ethanol, which comprises 
treating whey with a Lac+ Saccharomyces yeast 

strain having B-galactosidase activity, said strain 
having been transformed by insertion of a vector 
carrying a Lac l2 Kluyveromyces permease yeast 
gene which confers on the strain the ability to 
utilize lactose as its sole carbon source when cul 
tured under appropriate lactose utilization condi 
tions. 

~ # i i i ‘t 
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