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Effects of medium composition and nutrient limitation on loss
of the recombinant plasmid pLG669-z and  B-galactosidase
expression by Saccharomyces cerevisiae

RD O’Kennedy and JW Patching

Department of Microbiology, University College Galway, Ireland

The effects of medium composition, nutrient limitation and dilution rate on the loss of the recombinant plasmid
pLG669-z and plasmid-borne  B-galactosidase expression were studied in batch and chemostat cultures of Saccharo-
myces cerevisiae strain CGpLG. The difference in growth rates between plasmid-free and plasmid-containing cells

(Ap) and the rate of segregation (R) were determined and some common factors resulting from the effect of medium
composition on plasmid loss were identified. Glucose-limited chemostat cultures of CGpLG grown on defined
medium were more stable at higher dilution rates and exhibited Ap-dominated plasmid loss kinetics. Similar cultures
grown on complex medium were more stable at lower dilution rates and exhibited R-dominated plasmid loss kinetics.

Overall plasmid stability was greatest in phosphate-limited chemostat cultures grown on defined medium and was

least stable in magnesium-limited cultures grown on defined medium. Ap decreased and R increased with increased
dilution rate, irrespective of medium composition. Increased plasmid loss rates at high or low dilution rates would

appear to be characteristic of loss kinetics dominated by R or Ap, respectively. Growth of glucose-limited chemostat
cultures on complex medium decreased  Ap values but increased R values, in comparison to those cultures grown

on defined medium. Any increased stability that a complex medium-induced reduction of Ap may have conferred
was counteracted by an increased R value. Increased B-galactosidase productivity was correlated with increased
plasmid stability only in glucose-limited chemostat cultures grown on defined medium and not in those grown on
complex medium. Previous studies have yielded contrasting responses with regard to the effect of dilution rate on
recombinant plasmid loss from  S. cerevisiae . Our findings can account for these differences and may be generally
valid for the stability of similar yeast plasmid constructs. This information would facilitate the design of biopro-

cesses, where recombinant plasmid instability results in reduced culture productivity.
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Introduction number amplification and control [13,43]. The replication

. . ._and segregational mechanisms of theu- plasmid are
Fermentation processes based on recombinant orgamsn?l ilar to those used for chromosomes [43]. This plasmid

depend on the retention of the DNA encoding a recombi-_ " . . .
nagt gene of interest. If this gene is Iocatedg on a extrapro.vIdeS the basis for many recombinant yeast vectors [36]
: which fall into two basic groups: full 2sm sequence and

chromosomal element such as a plasmid then productio
will depend on plasmid maintenance. Plasmid maintenancg'“m. fragment-based vectors. A full 2m sequence vector
onsists of the 2¢m plasmid into which a recombinant cas-

will generally place a burden on a cell, reducing its growth : N
rategrelativeytg the plasmid-free host. This car? res%lt in ase;[te has beel? mtrodu:I:IedI: -th cassitte canS|slts of_z yeast-
: : . o s selective marker, usually linked to a bacterial plasmid ori-
rapid decrease in the proportion of plasmid-containing cells . S S ;
wi?hin a growing popuplatiF())n. Usingpa simple homogegnousgm.Of repllcatlon_anq antibiotic mquer, allowing propa-
unsegregated model [28], plasmid loss will be a functiongglti'o?rhagsdeS\?éifgfsnégnb%teﬁ'”?Z{ﬁgfézgi?glgﬁszgnwéﬂ at
of the rate at which plasmids are incorrectly partitioned,’.” . '
(segregation rate:R) F;nd the growth rateyd?fference high copy numbers and independently of other sequences,

; ; S but they are large in size and possess only a few useful
between plasmid-free and plasmid-containing clorgs)( nique restriction enzyme sites. To reduce these problems,

Both the environm_ent and the nature of the plasmid andzj_pLm fragment-based vectors have been constructed by
host are known to influencau. andR [6,34] introducing the minimatis-acting 2um plasmid replicon

I ahg%ﬁgsgﬁgnvi nofsatch?gm?ﬁgis ﬁggﬁ';é'axmzﬁigrggg into a bacterial vector. Although these vectors are smaller
P ! P ! Y d have a better choice of restriction enzyme sites than

maintained in the nucleus at copy numbers between 60 an%ﬁl'I 2-um sequence vectors, they require the presence of

100. Four plasmid-encodettans-acting gene products . oy X
(FLP, REP1, REP2 and RAF) and twis-acting sites (ORI ?atlve 2um plasm|d encodedrans-acting gene products
or stable maintenance [24].

and STB) are required for @m plasmid segregation, copy Impoolsupet al [21] and Bugejaet al [5] showed that

the instability kinetics of two Zxm-based plasmids,
Correspondence: Dr JW Patching, Department of Microbiology, Univer-p‘]D8248 and pLG669-Z, were completgly different. Bugeja
sity College Galway, Ireland et al [5] and Kleinmanet al [25] reported increased plasmid
Received 8 July 1996; accepted 14 January 1997 loss rates from glucose-limited chemostat cultureS.afer-
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320 evisiaeS150-2B (pJDB248) grown at low dilution rates on isiae YNN24 pLG669-z, exposed to stepped decreases in

defined medium. Similar patterns of plasmid loss weredissolved oxygen tension are more prone to increased plas-
observed  from bacterial host-vector ~ systems  mid loss rates. O'Kergtedl{34] reported only minor
[8,14,32,40,46]. The plasmid pJDB248 is a fulluPan  differences between plasmid loss rates derived from glu-
sequence vector which consists of a recombinant marker  cose-, magnesium- and phosphate-limited nonselective
cassette inserted into the RAF gene of the natiye®plas- chemostat cultures 0. cerevisiaeAH22 pYEaa4. The
mid [1]. Although the exact role of RAF is unclear, itis  apparent instability appears to be determined by an associ-
implicated in the control of FLP expression which is essen-ation of factors affecting the host/plasmid combination.
tial for copy number amplification [30]. Bugejet al [5] We set out to compare the instability of theu2n frag-
concluded that insertional inactivation of theuPa plasmid ment-based vector, pLG669-z with that of the p¥a
RAF gene had led to disruption of the segregational mech- [34]. We show that the pattern of loss in response to
anism at low dilution rates. dilution rate was affected by medium composition, in a

The instability of the recombinant 2m fragment-based  fashion similar to that observed in our previous study on the
plasmid, pLG669-z, has been studied extensively in fedvector pYExa4d [34] but the effects of nutrient limitation,
batch and chemostat culture systems [7,18,19,21,22,41]. however, were distinctly different.
This plasmid consists of a bacterial cloning vector into
which a yeast selection marker, theua minimal replicon
(the ORI-STB region) and ark. coli B-galactosidase ,
expression cassette have been cloned. Contrary to the IOI%/ISatenals and methods
kinetics of pJDB248, Impoolsupt al [21] observed that  gtrain and plasmid

plasmid loss rates increased as the dilution rate wagnhe plasmid pLG669-z [16] was maintainedSncerevisiae
increased in glucose-limited chemostat cultureSotere-  ¢t3in cG379 (Mata [cir'] ura3 trpl adel lew2 his3:

visiae YNN24 pLG669-z grown on complex medium. They yGsc, Berkeley, California). The plasmid contained the
concluded that increased instability at high dilution rates,esst URA3 gene and a section of tBe coli lacZ gene
resulted primarily through increased rates of segregatlosegnder the control of théSaccharomyce€YC1 promoter.

(R) [21]. This promoter is derepressed under conditions of glucose

Our previous results [34] suggested that the contrastingnitation or growth on a non-fermentable carbon source
responses of plasmid loss rates to changes in dilution ratT’lG].

observed by Bugejat al [5], Kleinman et al [25] and
Impoolsupet al [21], may be explained by differences in
medium composition rather than differences in plasmidMedia and culture conditions
construction. We reported that patterns of plasmid loss fronBatch and continuous cultures were grown étG3on CCM
glucose-limited chemostat cultures of theufty fragment- (complex) medium [26] or one half-strength Wickerham’s
based plasmid, pY&a4, inS. cerevisiadH22 in response defined medium (DCM) [45] maintained at pH %2.05
to changes in dilution rate, were dependent on the compo-  with 0.1 M succinic acid/NaOH buffer (BDH, Poole, UK).
sition of the medium. The plasmid, p¥#&4 is similar in  The nonselective complex medium, CCM, consisted-of
construction to pLG669-z but encodes for a constitutively  glucose (20)glacteriological peptone (5 g1, Oxoid,
expressedn-amylase gene instead of thggalactosidase Unipath, Basingstoke, UK) and yeast extract (5§¢L
gene in pLG669-z. While the instability of p¥ia4 from  Oxoid). DCM consisted ob-glucose (20 g ), (NH,),
chemostat cultures grown on glucose-limited definedSO, (3.5gL%), KH,PO, (0.5gL%), MgSQ7H,0
medium wasAu-dominated and was greater at lower dilu-  (0.25¢LCaC} 2H,0 (0.25g L), NaCl (0.25 g %),
ton rates, instability from similar cultures grown on glu- myo-inositol (5 mg L), Ca-pantothenate (1 mg?1), nic-
cose-limited complex medium was greater at the higher  otinic acid g800™), pyridoxin-HCI (200ug L™), thia-
dilution rate and instability kinetics welR-dominated [34]. mine-HCI  (200ug L™), p-amino  benzoic  acid
This suggested that two underlying principles may govern  @@Q2), biotin (10 ug L), folic acid (1 ug L™), ribo-
the effect of medium composition on overall plasmid insta-flavin ~ (100ug L™), HsBO; (0.25mg L), MnClg
bility through opposing effects oy andR [34]. Rates of (0.2 mgt!), ZnSQ - 7H,O (0.2 mgL?), FeCk-6H,0
segregationR), derived from recombinant yeast cultures, (0.1 mg L'?), NaMoO, - 2H,0 (0.1 mg oY), Kl
consistently increase with increased dilution rate while ~ (0.05 mg '), CuSQ (0.02 mg ). DCM-nonselective
decreases. Growth of recombinant cultures on complewas supplemented with-histidine, uracil, adenine, trypto-
media reducedu but increaseR. In this report we pro- phan (20 mgt, Sigma) and.-leucine (30 mg L*; Sigma).
vide evidence that this hypothesis is generally applicabl&Vhen selective conditions were required (DCM-selective),
to other recombinant plasmid vectors $h cerevisiae uracil was omitted. DCM plates were prepared with agar
The instability of similar bacterial plasmids showed bacteriological No. 1 (20 gt!; Oxoid, UK). YPD plate
varied responses to growth conditions in continuous cul-  medium consistedjlotose (20 g L'), bacteriological
tures ofE. coli [6,32] andB. subtilis[12]. From these stud- peptone (20 g t2), yeast extract (10 g1£) and agar techni-
ies, no general rule could be applied to predicting plasmid cal (26;g@xoid). YMP-X-gal plate medium [35] con-
loss from cultures grown under different limitations. Few sisted of glycerol (4% v/v), mycological peptone (20d;L
studies have been carried out on the effect of nutrient limi-  Oxoid), yeast extract () gdnd agar technical
tation on the rate of plasmid loss from recombinant yeast(20 g L™). X-gal (40ug ml; Sigma) was dissolved in
Cauntet al[7] reported that continuous cultures®fcerev-  dimethylformylamide and added after autoclaving.
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Batch cultures et al [33]. This method was essentially that proposed by 321

Maximum specific growth ratesuf,,,) were determined in Davidsonet al [9], where the parameters of Equation 1,
500-ml baffled flasks containing 100 ml of medium with  defined by Lenski and Bouma [28], were optimised such
20 g L filter-sterilizedp-glucose as a carbon source. The that experimental data were fitted.

flasks were incubated in a rotary shaker waterbath (Infors

AG, Basel, Switzerland) operating at 250 rpm. Optical den- pi(Ap + R)

sity was monitored at 600 nm over the initial 8 h of growth  P; = (L= piAp + R)E™ Rt + Ayupt Q)

and converted to dry cell weight (mgm by use of a PolAnt o

standard curve. Maximum specific growth ratps ) were  _ i , i .

calculated by non-linear regression. The proportions of thé IS the predlctefi' proportion of plasmid-containing cells
population which were Uraggal* at the beginning and the at time=t, wherepy; is the proportion of plasmid-containing

end of the 8-h growth period (about 0.85 and 0.83C€lls at time=0. Optimum values forAu and R were
respectively) were not significantly different. obtained by minimizing the error between experimental

Plasmid stability in batch cultures was determined indata and the trajectory described by the above equation.
triplicate serial cultures (10 ml) grown on nonselective Errors on the parametersu andR, were determined using
media (DCM or CCM) and shaken at 200 rpm. Every 24 h,the general jackknife method, reviewed by Robinson [38].
about 2x 10° cells were subcultured into fresh medium. Modified data series were constructed from the original

After 96 h, samples were removed and the proportion 01timevsp_roportion of plasmid-con_taining cells, where single
plasmid-containing cells was determined. data pairs were omitted. Non-linear regression was then

repeated on each modified data series, providing N ‘pseudo-
Chemostat cultures values’ for Au, R and p§. The standard error on each of
Chemostat cultures (500 ml) were carried out using thdn€Se parameters was then derived from the pseudovalues.
apparatus described by Flemireg al [11]. Cultures were The overall instability of plasmids from batch cultures
aerated at 750 ml mit and mixed by means of a magnetic (S Edn 2) was defined as the exponential rate of plasmid
stirrer. When CCM was used, vegetable oil (Dunnes Stored0SS Over a given time interva t [29].
Galway, Ireland) was added at regular time intervalsylr's
every 6 h) to suppress foaming. Adjustments were applied S = 2(1 exp[ln(pt*/pa})

to CCM and DCM to ensure nutrient limitation, which was t @
confirmed by the method of Goldberg and Er-el [15].

Chemostat cultures were limited by glucose (0.59.L . ' .
magnesium (as MgSQ 7H,0, 50 mg L% p-glucose, Rather than reporting solely the final proportion of plas-

-1 1 mid-containing cells, Equation 2 takes into account both
gg t‘lg [%r4]phosphate (as KO, 2mg L™ p-glucose, the initial and final proportions of plasmid-containing cells.

Dunn et al [10] noted, however, that calculation of overall
o : . plasmid instability using this method could define plasmids
Determination of the proportion of recombinant as equally stable though their plasmid loss trajectories were

plasmid-containing colonies : ;
Suitably diluted samples from batch and chemostat culture%%rgpslit;&gt'ggrggt'a-r&eofere:pl"p?ggrrig:g ;?#aes;lrgbdréogf gsggll

were plated onto YPD and YMP-X-gal media. The pro- plasmid stability ¢(N,)) in chemostat cultures. This is

portion of plasmid-containing cells in a sample was the . X . . A
number of blue colonies divided by the total colonies grownObta"ﬂ'ed by integration of Equation 1 yielding

on YMP-X-gal plates after 72 h incubation at°8 Colon-
ies grown on YPD plates were also replica-plated onto N —il Ap+R
DCM-selective, DCM-nonselective and YMP-X-gal plates o(N.) = Ap : Ap + R = pg(1 - e@nRN,
to verify the proportion of plasmid-containing cells. No evi-
dence of segregation gB-gal and Ura phenotypes was
noted and the plasmid was deemed structurally stable.

®3)

where o(N,) is the overall stability oveN, = 60 gener-
ations [10].

B-galactosidase enzyme assay

B-galactosidase activity in the cultures was determined ifhagits

triplicate by the method of Guarente and Ptashne [16]. One

international unit (IU) ofB-galactosidase is defined as the Effect of plasmid carriage on batch cultures

amount of enzyme which hydrolyzes 1 nmol ofitro-  The introduction of pLG669-z into the host CG379 reduced
phenylB-p-galactoside (ONPG; Sigma) per min at°€8  umax by around 10% in non-selective batch cultures grown
Final results were expressed as cell specific activity (IUon defined (DCM) and complex (CCM) media (Table 1).

mg* cell biomass). Selective batch cultures of CGpLG used as inocula con-
tained a significant percentage of plasmid-free cetla (

Data analysis 15%) so it would be expected that growth rate differences

Transient productivity of3-galactosidase in chemostat cul-  would have a significant effect on plasmid loss. Loss rates

tures was calculated by the integration method suggeste(®) after 96h (& 37 generations) demonstrated that

by Pirt [37]. Plasmid loss paramete® &ndAu) were esti- pLG669-z was unstable in DCM-nonselective but was,

mated by non-linear regression as outlined by O’Kennedyhowever, stable in CCM.
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Table 1 Growth rates and plasmid loss rates of batch cultureS.aferevisia€CGpLG grown on nonselective media

Medium CG379 (no plasmid) CGpLG
Mmaxt S.€.m. Mmaxt S.€.M. Aptmard Segregational logs
(h) (h™) x 1072 (h™) (8 gem)
DCM 0.287+ 0.005 0.260 0.001 2.7 £95%) 0.0354 0.0023
CCM 0.301+ 0.001 0.266: 0.005 3.5 £95%) -0.0015+ 0.0020

3 evels of significance (in brackets) were determined by Studésést.
PPlasmid loss rates in batch cultures were calculated using Equation 2 described in Materials and Methods.

e
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o
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Proportion of plasmid-containing
colonies

Generations

Figure 1 Plasmid loss frons. cerevisiaeCGpLG grown in nonselective chemostat culture. Error bars represent the standard error on the proportion
of plasmid-containing colonies. Bdilution rate. Best fit lines are derived frotkw, R and p; determined by jackknifed non-linear regression (Table

2). (a) Glucose-limited DCM, B0.16 h* ((0); D =0.06 h* (M). (b) Glucose-limited CCM, B=0.15 h* (O); D =0.05 h*) (®). (c) Magnesium-

limited DCM, D=0.13 h* (A); D =0.11 h* (A). Phosphate-limited DCM, B 0.14 h* (O).

Effect of medium composition on the pattern of rate (0.16 h') than in cultures grown at the lower dilution
plasmid loss from chemostat cultures at different rate (0.06 h). Since decreased stability correlated with
dilution rates increased\ u, we concluded thah . was the dominant fac-

Plasmid loss from chemostat cultures grown under variousor governing plasmid loss from chemostat cultures grown
conditions is shown in Figure 1. Overall plasmid loss  on glucose-limited DCM (Table 2).

(o(N,)) was dependent on dilution rate, medium type and In cultures grown on glucose-limited CCM (Figure 1b),
limitation (Table 2). The pattern of plasmid loss, in  the overall stability was greater in cultures grown at the
response to altered dilution rate, was markedly differentower dilution rate (0.051) than in cultures grown at the
between cultures grown on glucose-limited DCM-nonselec- higher dilution rate (OY1%Eken though\u was greater

tive or in glucose-limited CCM. In cultures grown on glu- thanR at the lower dilution rate, a four-fold reduction of
cose-limited DCM-nonselective (Figure 1a), the overallAx and a 40-fold increase iR decreased stability at the
stability was greater in cultures grown at the higher dilutionhigher dilution rate, thus reversing the pattern observed in

Table 2 Plasmid loss kinetics from chemostat culturesSofcerevisia€CGpLG grown on nonselective media

Medium and limitation D Overall stabilify ApP R B-gal
(h™) a(N,) (102 ger?) (102 ger?) productivity®
(U mg?*h?
DCM, glucose 0.16 36 1540.15 0.06+ 0.00 2728
DCM, glucose 0.06 21 1860.14 0.00+ 0.00 182
CCM, glucose 0.15 19 4.980.20 2.40+0.10 422
CCM, glucose 0.05 25 1840.01 0.06+ 0.02 185
DCM, magnesium 0.13 8 -34.1+1.17 34.8+ 0.99 N/A
DCM, magnesium 0.11 13 -2.85+1.16 8.67+1.18 N/A
DCM, phosphate 0.14 52 3.5600.06 0.23t 0.01 N/A

2Qverall stability g(N,); N, = 60 gen) was calculated using Equation 3, defined in Materials and MetBegidactosidase productivity was calculated
as described in the Materials and Methods. N/A: not applicable due to glucose repression.
bValues of Ax andR are expressed as the parameter.e.m. which was calculated from jackknifed values (see Materials and Methods).
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similar cultures grown on DCM-nonselective. Since Plasmid vector&faroli, based on the Col E1 replicon,
decreased stability correlated with increadedwe con-  exhibit varied responses to changes in dilution rate when
cluded thatR was the dominant factor responsible for  grown under different environmental conditions
plasmid loss from chemostat cultures grown on glucosef8,14,32,40,46]. Similar studies carried out on recombinant

limited CCM. S. cerevisiaéhave also yielded conflicting results and no
attempt has been made to account for these differences

Effect of nutrient limitation on plasmid loss from [5,21,25,26]. It is apparent from this that it is not always

chemostat cultures of CGpLG possible to provide general principles which govern plas-

Studies with recombinarit. coli [23,32,46] andB. subtilis  mid loss in cultures grown under different nutrient con-
[12] have shown that limitations other than glucose cangitions.

have a profound effect on plasmid loss. Phosphate- and Qur previous studies have focused on the loss of the 2-
magnesium-limited chemostat cultures of CGpLG were;m fragment-based vector, p\&4, from S. cerevisiae
grown on DCM-nonselective with glucose (5@ as a  AH22 in chemostat cultures [34]. This plasmid is qu@
non-limiting carbon source, such that plasmid-boie  fragment-based vector, similar in construction to the plas-
galactosidase expression was repressed. Even under th@a®i used in this study, pLG669-z. The plasmid, p¥&,
repressed conditions, rapid plasmid loss was observed igncodes for a constitutively expressedamylase gene
magnesium-limited cultures. Loss kinetics and the responsghile pLG669-z encodes for regulateg-galactosidase

of plasmid loss to slight changes in dilution rate showedwhich is repressed in the presence of a fermentable carbon
R-dominated instability. Parameter values determined fronsource or under glucose-sufficient conditions. Our findings
plasmid loss in magnesium-limited cultures were, howeverindicated that the lack of continuity between previous stud-
very variable between cultures exhibiting similar loss pat-ies on the effect of dilution rates on plasmid loss [5,21,25]
terns (Figure 1c and Table 2). It is possible that the valuegnay have been due to large changes in the relative contri-
obtained from the higher dilution rate are spurious due tqytions ofR andAp to overall plasmid loss, brought about
the small number of data points obtained during the losgy different medium composition. We suggest that few gen-
phase. Nevertheless, a greater than 100-fold increa&e in grg| principles could be applied to predict the effect of
over glucose-limited DCM cultures demonstrates that th@nedium composition on plasmid loss.

segregation rate of pLG669-z was particularly sensitive to The effect of nutrient composition and dilution rate on
magnesium-limitation. CGpLG was most stable whenplasmid stability and recombinantB-galactosidase
grown in phosphate-limited cultures (Figure 1c). This stabi-expression was examined by comparing plasmid loss from
lization, in comparison to plasmid loss from cultures grownglucose-limited chemostat cultures grown on DCM-non-
on glucose-limited DCM-nonselective, resulted from a five-selective or CCM (Figure 1a, b). The overall plasmid stab-
fold reduction ofApu. ility (o(N,)) of chemostat cultures grown on DCM-non-
selective was greater at higher dilution rates while being
greater at the lower dilution rate in cultures grown on CCM
culture o Table 2). Plasmid loss kinetics derived from chemostat
B-galactosidase expression in batch cultures grown on 2% itures grown on DCM-nonselective were dominated by
glucose exhibited low levels of residual activity which was the effects ofAw. This pattern of plasmid loss from cultures

consistent with repression of the CYC1 promoter. Undergrown on DCM-nonselective was similar to that observed

conditions of glucose-limited chemostat culture, the CYCL¢ many bacterial plasmids [4,6,39,46] and for the full 2-
promoter was derepressed afdjalactosidase expression um sequence vector, pJDB248 [5,25]. As dilution rate is

was induced. Medium composition affected the pro-ieq,ced, competition between subpopulations is expected
ductivity of B-galactosidase (Table 2). The highest pro-y, jncrease [17] leading to increasédh and instability.
ductivities were observed in cultures grown on DEM-non- 5,6 plasmid stability in chemostat cultures grown on
selective at the high dilution rate. Increased overall stability~~\ \was greater at the lower dilution rate €1.05 h;
resulted in higher productivity in cultures grown in glucose-rop10 5y aven though there was a four-fold reduction of
limited DCM-nonselective but not in those grown in CCM. A at the higher dilution rate (B 0.15 i), This increased

Effect of plasmid loss on B-galactosidase expression plasmid stability was associated with a reduced rate of plas-

In studies wherg8-galactosidase expression was considere(ﬁnid gegregation R), which increased as the dilutio.n rate
®9 P S%/as increased. It was concluded tiatwas the dominant

to be completely derepressed, a simple correlation wa ; ; . .
observed between the loss rates of the proportion of pla factor which determined plasmid loss in cultures grown on

mid-bearing cells and plasmid-borne gene expressiofy ©M. which concurs with previous studies [21,34]. In com-
[21,42]. No simple correlation was apparent between th@arison to chemostat cultures grown on DCM-nonselective,
proportion of plasmid-containing cells and normalised cell-v&/ues ofAn derived from cultures grown on CCM, were

specific B-galactosidase expression in glucose-limitedreduced in cultures grown at the high dilution rate (Table

chemostat cultures (Figure 2) but it was evident that at least): 1HiS indicated that grown on complex medium may
two phases existed. alleviate the metabolic burden attributable to plasmid car-

riage. Plasmid loss parameters derived from similar chemo-
stat cultures of AH22 pYRa4 also exhibited this behaviour
[34]. In both cases, any increased stability that this com-
The study of plasmid loss fror&. coli has yielded many plex-medium-induced reduction d&fu. may have conferred
conflicting conclusions for similar host-plasmid systems.  was counteracted by incrRaséalues of A derived

B-galactosidase expression in batch and chemostat

Discussion
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Figure 2 Relationship between the proportion of plasmid-containing cells and cell-sp@a@ttactosidase activity. Cell-specific activity was normalised
against the maximum activity observed during culturess dlution rate. (a) Glucose-limited DCM; B 0.16 h*, Max activity=983 IU mg* (O);

D =0.06 %, Max activity=165 IU mg* (W). (b) Glucose-limited CCM, B= 0.15 h*, Max activity =144 IU mg™ (O); D = 0.05 h?, Max activity= 578

IU mg™ (@).

from cultures grown on CCM were generally greater than mechanisms may have been responsible for the increased
those obtained by Impoolsugt al [21]. Since the dilution plasmid loss rates. This would be supported by a recent
rates used in this study were lower than those used bytudy which suggests that magnesium limitation primarily
Impoolsupet al [21], competition would be expected to exerts its influence on the cell division cycle $f cerevis-
increase at the lower dilution rates and it would be expecteéhe [44]. Chemostat cultures of CGpLG grown on phos-
that the Au values derived from these cultures would bephate-limited DCM-nonselective were significantly more
greater than those found by Impoolsepal [21]. _ stable than those grown on glucose-limited DCM-nonselec-
This study also concurs with our previous observationsive (Figure 1c; Table 2) and exhibited a five-fold reduction
that values oR, derived from recombinant cultures grown of Ay. An attempt to establish a phosphate-limited culture
on complex medium, are generally greater than thosgt a similar dilution rate, whereg-galactosidase was
derived from cultures grown on defined medium. Continu-jnduced by growth on raffinose (2.5g%, resulted in
ous cultures of recombinaiit. subtilis[31] andS. cerevis- \ashout of the culture. This suggested that repression of
iae [20] grown on complex media have a reduced plasmidne | acz gene was primarily responsible for the increased
copy number in comparison to those grown on definedsiapijity in non-induced phosphate-limited cultures due to
media. This reduced copy number provides the simplesfe reduction of plasmid-derived metabolic load. Caulcott
explanation for the increased valuesPotlerived from cul- o 5 [6] have suggested that plasmids which exhibji-
tures grown on CCM. Although no determinations of plas-gominated kinetics may be subject to certain nutrient limi-

mid copy number were carried out, the reduggdalacto- 4iinns which lead to high plasmid loss rates, whereas plas-

sidase productivity which chemostat cultures grown Ofigg \yhich exhibitR-dominated kinetics could be subj
2 ; : . - ject
CCM exhibited (Table 2) would agree with this hypotheS|s.tO an alternative group of limitations,

As with other studies [21,34R was observed to increase It apoears that few general rules can be derived from
with increasing dilution rate, irrespective of medium com- app . 9 o
position. This may also be due to the effect of reducedrevious studies on the effect of growth conditions on the

plasmid copy number at higher dilution rates [2,3,27]. ThisSi@Pility of recombinant ‘microorganisms [5,21,25,34].
is not, however, reflected in th@-galactosidase pro- There are some common factors between these and our

ductivity (Table 2). present study.findings. .Glucose—limitgd chemostat cultures
Previously, only minor differences were observed in9rown on defined medium were typically more stable at
plasmid loss rates derived from glucose-, magnesium- angigher dilution rates and exhibitet;.-dominated plasmid
phosphate-limited cultures @&. cerevisiagAH22 pYEaad 0SS kinetics while similar cultures grown on complex
grown at similar dilution rates [34]. A comparison between medium were typically less stable at higher dilution rates
glucose-limited and magnesium-limited chemostat culturegnd exhibitedR-dominated plasmid loss kinetics. Compe-
of CGpLG grown on DCM-nonselective (Figure 1a, c) fition between plasm|_d-free and plasmld-cont_alnlng cells
shows that plasmid loss from magnesium-limited culturegended to be lower whil& tended to be greater in glucose-
was much more rapid and displayBddominated loss kin- limited cultures grown on complex medium in comparison
etics (Figure 1c; Table 2). Singggalactosidase expression to similar cultures grown on defined medium. These com-
was repressed by the presence of non-limiting concenmon factors may facilitate the design of conditions which
trations of glucose, this increased instability could not begmaximize recombinant plasmid stability, thereby enhancing
attributed to plasmid-borne expression. The elevated valuggroduct yields. The analysis of plasmid loss under a given
of R, derived from magnesium-limited cultures indicatedset of culture conditions should be carried out at least at
that a deficiency in either the replication or segregational  two dilution rates since increased loss rates at high or low
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dilution rates would appear to be diagnostic for loss kinetics in Escherichia coligrown in chemostat culture. FEMS Microbiol Lett

; ; 22: 239-243.
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