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When starved for nitrogen. cells of the yeast Sancharhcirov(ntcs (cresta'iC'
pi-oduced abnormally small cells. Nonetheless. duri-ng starvation, onlv cells of
a size characteiistic of growing cells wsere capable of initiating a bud. Even
when growth was severely limited, some event(s) in GI required growth to a

critical size for completion.

Cell growth is norimally, coordinated with
evenits in the deoxyribonucleic acid division
cycle such that cells in cultuie are a character-
istic size (3.) We recently examined the coordi-
nation of growth and division in cells of the
yeast Saccharonmvces (crctisliae (6) and con-
cluded that growth to some critical size was
essential for completion of some event's) in the
GI portion of the cell cycle. OuI coInclusion
was hased on the gr-owth behavior of abnor-
mallI small cells. When diploid cells of strain
AGI-7 were starved for nitr-ogen. they in-
creased thIreefold in number and eventually
ariested division in GI as cells without buds.
The cell division that occurred during ,s-:tarva-
tion was accompainied by a neglioible accuniu-
lation of protein and ribonucleic acid. Many
newly produced daughteir cells xveie abnor-
mallv smaill compaied with cells in a growing
population (Fig. 1). As noted previously (6).
these small cells, wheiin replaced in medium
containing nitroIgen, req uired g- ox th to some
critical size hefore initiation of budding ancit
deoxyribonucleic acid svnthe sis (unpublished
data). Although growth xwas rietui-ed for bud-
ding in nitrogen-replete medium the small
cells formed during starvti(n foI nitr(gen max
have 'arisen ftom larrge cells i.e. cells of critical
size) producing abnormamll s-milUl dauuchters or.
alterniatively, fironm cels initiatinc buds it a
size smailler than thait chairc teristic of cells in
a growing population. That is, a requiremnent
for growth to a critical size may onlv he a
function of outgroiwth friom the G(I-arreisted
state. To determine whether new. smanall cells
were able to for-m buds. the sizes at wvhich
vounc cells initiated cell division ind buhdding
in nitrogen-free and nitrogen-replete nmedia
w,vere determnined.

Cell age xvas determined fronm cell morphol-
ogv . In yeast, each newv budding cycle is

marked by the production off 1 new bud scarI (1.
2. 4); the budding histor iof a cell may be
determinmled firom the numbei (If bud scarIs on
its surface. Thus, newlv budded cells have no
bud scaris and after one budding cycle have one
bud scar-.

Cells were stained for hud scaIrs (5 .1c.(
Calcofluor: B. Sloat and J. Pringle, per-sonal

oo[ 1

7c

50

20 40 5) 3C 1J0IO1 1 C 5, I K 200

Fict.. 1.V.o/timo distribttihos ,/ it I/S /rom Il tin-
gei(-stclrtruc(d aind /x1po0 iticill/ 4r100tOig (c/tltur s. A
Col/icr (hcmnt/v'cr (C mol/tr b/ troi(isIc o.. Hi-
l/cahl, Fl/l. ll (lS ed to o/tcliio u OuIm/i distributioos
fA (. - 7 ('I/s rowii't (1p10 tia(//1 cit 23'{' in vecast

nitrogeri? / 16ohi I /uOd ,,fAG1-7/ )e/s .9 h cIftcr
traosiusr to ni trogeIrt'/ emcd+ m1i Th7 totci
num1/cr 0/'( cc//s in1 th/c sturucd iopllti/ol (Il(l the'

proportion of cells inl I/o smu//ll iitngen-start''(/
popul/ti(o IcWre (/ctcrm in/ /ircct/lv tith tht(' Chano,t-
nl/vzcr. At /Icast 50('4 of tht tota/l ititroiei(-starlt'I/
popll/ctioni tortsistcc/ of c(lIs of' css that '3()5 /itt.

738

0I1(



NOTES 739

communication), and the volumes of budding
cells with one or no bud scar were calculated
from photomicrographs (6). The size range of
young cells initiating division (producing a
bud) in nitrogen-free medium was characteris-
tic of that in an exponentially growing popula-
tion in the same medium supplemented with
(NH,) SO; (Table 1). These results suggest
that, even under conditions of acutely limited
growth, attaining critical size is still a prereq-
uisite for the initiation of budding.
During nitrogen starvation, cell number in-

TABLE 1. Volume of cells initiating buds in
medium with and without a nitrogen source

Avg vol (,um:') of young cells with small

Time ~h ~ buds"

- Nitrogen - Nitrogen

0 72.7 10.1' 72.7 10.1
1 80.7 11.7 62.5 11.0
2 68.3 12.0 71.2 15.8
3 62.4 7.3 73.8 12.8
4 57.0 9.8 75.5 12.3
5 78.3 13.3 85.9 20.0
6 59.0 9.2 62.1 18.3

Avg 68.3 9.3 71.5 8.2

Cell volume was calculated from photomicro-
graphs (at least 30 cells per sample); only cells with
0 or 1 bud scar were considered. The presence or
absence of bud scars was determined by focusing on
both the upper and lower surface of stained cells
before photographing. Data are presented as mean
+ standard deviation. A paired-difference test was
applied to values at each time and at 95% confidence
limits; the volumes were not significantly different.

' The same sample of cells was used to determine
the initial size of the two populations.

creased threefold, and many cells in the final
nitrogen-starved population were small (Fig.
1) and unable to bud. Thus, many large cells
in the population completed two rounds of divi-
sion and produced two small buds. Dur-ing
starvation we did note some budding cells also
with completed. but not vet separated. small
daughter cells. These observations indicate
that small daughter cells did not arise merely
from completion of divisions initiated before
starvation.
These data underscore out previous conclu-

sions on the mechanism for coordinating
grow-th and division (6(. Thact is. some event in
GI requires for its completion growth to a
critical size even under conditions under which
growth is severely limited.
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