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LOGY 
tum , umber 995 

Mary Ann U bert, In ., Publish 

Indu ti n f D L R ombination in the 
hari myce 
tit Plat 

cerevi iae Using a 
A ay Format 

Z : P. 

ABSTRACT 

It hed that a number of mammalian tumors are associated with genomic 
tem d i d to d tect g nomlc rearrangements has been con

t a baromy e cerevisiae. This y tem consists of a heterozygous 
d bt n in which one copy has been deleted at the 3' end and the 

at th ' nd '-~.......,.,.=ti et al., 1988). Both copie of the bis3 gene are non
dupllcati n of th bi 3 g n is eparated by the LEU2 gene and pBR322 

p en,ces. Homolo ous intrachromo omal recombination between the bis3 du-
p an iota t HIS3• allele, while deleting the intervening LEU2 gene 
and pBR322 D ay has been accordingly named the yeast DEL (deletion) assay. 

n h wn previously that this recombination event is inducible by a variety of 
well ultraviolet light and ionizing radiation (Schiestl, 1989; Schiestl et al., 

1 89 . In this work w report the conversion of the yeast DEL assay to a microtiter plate 
format, which greatly increases its ease of use and quantitative accuracy. Using the mi
crotiter plate format w hav found yeast DEL recombination to be inducible by the car
cinog ns nitroquinollne oxide, epichlorohydrin, methyl methanesulfonate, ethyl 
methan ulfonate benzene, and formaldehyde. Chemicals that do not induce DEL re
combination include dimethylsulfoxide, acetone, ethanol, L-methionine, and methyl or
ange. In this format the Yeast DEL Assay is easier to use than the traditional agar plate 
as ay. R ults are obtained in 2-3 days, and the labor required is approximately half that 
required to perform the assay using the agar plate method. The new format, in which mi
crotiter plate wells containing recombinant yeast colonies are scored by color change of 
th pH indicator dye methyl orange, is especially amenable to automation. 

INTRODUCfiON 

~ e a iation of genome rearrangements 
.I. and d l tions with mammalian cancer in

cluding retinobl toma lung cancer melanoma, 
neurobla toma brea t cancer kidn y cancer, 

• enometrix, Inc., Boulder CO. 

colorectal cancer, and leukemia, has been well 
establi hed (see Cairns, 1981; Hansen and 
Cavenee, 1988; Klein, 1981; Stanbridge, 1990; 
Muller and Scott, 1992; Miyao et al., 1993; Reiter 
et al., 1993; Marchetti et a l. , 1993; Zalupski et 
al., 1990; Yang-Feng et al., 1993; Dyer et al., 

tDepartm nt of Molecular and Cellular Toxicology, Harvard chool of Public Health, Harvard University, 
Bo ton MA. 
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mo 
H1S3 

hls363 ' LEUZ& BR322 

his3 3 ' LEU2 & BR322 

1993; Pond r, 19 · Pall 
y tern ha b n c n 

Saccharomyces cerevisi 

hls3t.5 · 

hls3 ' 

t cts intrachro omal n 
sulting in th etion 
tween two dir t rep ats 1 . · 

1988). It ha b n found that DEL r 
tion can be induc d by th f 
with chemical diati n 
chie t1 et al. 19 hi t1 1 

Chemical that induc DEL r mbination in-
clude a numb pro n r d nt car inog n 
that ar not bl u ing th r hort-t rm 
genotoxi ity a ay u ha th . Th 
compounds includ be dmium 
ulfate thiour a , and 

~00 · t1 t 

al. 19 
For titati e 

accu y a a ay to 
a microtiter plat format. Bo rial muta-
tion rev r ion a ay and yea t r ombination 
a ay , which u either te t tub or microtiter 

an rm 
n ti n in 
ti in th 
i ti 

SOMMERS ET AL 

. d DEL ma n. 
u h a a , d. ulfoxid (D d 

th · a id t - hich do in-
d r omb' · a ar pl or-
mat did not indu bination u in 
th 

MATERIALS AND METIIODS 

Strains 

Th diploid y a t train R 112 (MATala 
ura 3 -52./uraJ- 2 leu2-3, 112.l/eu.2-fj98 trp5-
2 7/IRP5 arg4-3/ARG4 ade2-40/ade2-101 ilvl-



DEL RE OMBINATION 

-
a c ntain 

m ids w r 
pur ( t. Loui , 

a from J.T. 
Bak 

Chemicals 

Methyl m thane ulfonate (MMS), ethyl meth
ane ulfonat EM epichlorohyclrin, 4-nitro
quinoline oxid ( QO), benzene, formalde
hyd , aceton dimethylsulfoxide (DMSO), and 
L-methionine ere purchased from Sigma 
Chemical Co. ( t. Louis, MO). Ethanol was pur
chased from Aaper Alcohol and Chemical Co. 
( helbyville, KY). 

DEL Assay 

In more than 99% of yeast DEL recombina
tion events the LEU2 gene is lost (Schiestl et al., 
1988). Therefore the yeast strain was pregrown 
on medium lacking leucine (SC-LEU) in order 
to prevent the accumulation of histidine pro-

A. 
Uml11t•n 
oo.,. of 0.1 
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in the overnight precultures (Fig. 2). 

E. 

hi tidine prototrophs are selected 
ring the pregrowth period, the fre
H1s3+ recombination is reflective of 
ination rate ( chiestl et al., 1988). 
tur were inoculated in 20 ml SC

u ing fr ze dried cells and incu-
at 30°C in an nvironmental shaker. 

at fr ze drying does not induce 
· ·on (data not hown). SC-LEU 

um l cts again t any HJs3+ 

Aliquot 

d during all pr vious steps. 
4 h growth p riod the cultures 

an OD6oo of 0.2 (1-2 x 106 

ml C-LEU m dium. The rela
n optical d n ity (600 nm) and 

.. 

B. 
SC-HIS 
Medium 

Aliquot 

pllto for rocomblnants 

.. 
D. 

C. 
Complete 
Medium 

plate for vt.bility 

Po•llive (dertc) well• are 
acored and the numbere 
of positive wella per plate 
are converted to the number 
of colonlea per plate using a 
Polaaon Dlatributlon 

FIG. 2. DEL assay procedure. (A) Each 2.5 ml cul
ture is adjusted to an OD600 of 0.2 in 2.5 ml of 
medium lacking histidine (SC-HIS) after the 17 h in
cubation. (B) An aliquot of cells is removed from 
the 2.5 ml of medium lacking histidine (SC-HIS) and 
transferred to a larger volume of medium without 
histidine but containing pH indicator dye. (C) An 
aliquot of culture is removed from the medium from 
the culture containing pH indicator dye and trans
ferred into synthetic complete medium (SC) con
taining pH indicator dye. (D) The cultures from B 
and C are then evenly distributed into sterile 96 well 
microtiter plates, and the microtiter plates incubated 
at 30°C for 3 days. (E) After 3 days the plates are 
scored for the number of positive wells. Using the 
equation from Materials and Methods, the frequen
cies of recombination for each chemical dose can 
be calculated. 
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Chemical 

R combination fr q . 10-4 
Fold inducti n 

u . o/o 
No. 
E tim vi ilicy in 

F u · n 
R lativ urviv 1 o/o 

E 

R 
Fo 

0. 

via ilicy in 

o/o 

E timat d ultur viability in 0 

R 
Fold induction 
R lative urvival (% 

o. g n ration 

d 

Estimated cultur via ilicy in 0 d 

Formaldehyd (µg/ml 

Recombination freq. (10-4 
Fold induction 
Relative survival (% 

o. generation 
Estimated cultur viability in 0 d 

Benzene (% volum ) 

Recombination freq . (10-4) 
Fold induction 
Relative survi al (%) 

o. generation 

E timated ultur viability in 0 do 

2% 

ml 

1 o/o 

o/o 

MMERSETAL 

1 

1 

1 

0 

2.7 .7 
1 2.1 

100 6 
3.6 3. 0 

0 o.s 1.0 1.5 2.0 

2.2 2.7 .6 13.2 2 .9 
1 1.3 2.2 6.1 11.2 

100 50 33 24 1 
3.5 3.4 2.9 2.4 0.9 

(continued) 
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TABLE 1. 

0 2 3 4 5 
10-4 5.6 3.5 10.4 9.3 5.3 

1 0.63 1.9 1.7 0.95 
100 9 30 10 7.5 

3.5 3.4 2.9 2.4 0.9 
102% 

0 3 4 5 

3.0 4.7 5.2 4.2 
1 1.6 1.7 1.4 

100 71 72 62 
3.6 3.4 2.8 

ility in O d 

0 1 2.5 5 

6. 5.9 5.7 4.3 
1 o. 9 0. 6 0.65 

100 107 5 76 
3. 3.5 3.5 2.8 

ility in O d o/o 

0 10 15 20 

.6 5.0 5.6 5.9 
1 1.1 1.2 1.3 

o/o 100 109 107 82 
4.1 3.7 3.7 3.7 

iability in O do 63% 

0 60 

q. (10-4) 3.8 3.6 
1 1 

R lative urvi al % 100 101 
4.1 3.7 

viability in O do e 87% 

The chemical MM , EM , epichlorohydrin, QO formaldehyde, benzene, and methyl orange were 
te ted a minimum of nine time . The chemical DM 0 , ethanol, acetone, and L-methionine were tested a 
minimum of three times each. 
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cell numb r wa d termin d by p rforming 
growth curve in ynth tic m dium. C 11 2.5 
ml) w re aliquot d int · · 5 ml 
conical tub an · t 
one of th 2.5 ml cul 
fiv r plicat ac 
form d in para T 
parafilm and .5 
17 h at 30°C in a 
Approxi 
tur w 
count' 

n 
diu 

· uba 
at 3600 
tainin 
priat · 

, whi h 
all w d in pr -
t tr ph . ultur wa 
d t rmin 
dilut d t 
m dium. A · f 
p cifi valu 

b r , both viabl and in 
ml ultur . 

Aliquot f c ll w r ml 
ultur and tran D rr d t at 

contain d th pH indi 
0.06 mg/ml). M thyl 

due r combination of 
nor did it afD t growth or 
cultur (Tabl 1 . Aliqu 
r moved from th cultur · 
and add d dir tly t 
ing methyl o . 
m dium allo 
Following · 
with pH indi 
di tributed into indi -
erotic r pl n 
placed in d l m at 
30°C for 3-4 da found . 
plate in bag t n p f 
m dium from tit a 
feet a ay p rfo 
in the well of th ti l 
formation of di tin t yea t ol 
color of th pH indicator dy in ll on-
taining don chang d from orang to pink. 

MMERSETAL. 

Calculation 

- 1 

urvi al r lati 
a mp und 

y div· · · at d 
b 
a ll n 

., 

1 g10 

Th 0D600 at 0 h . tical d n ity at 600 
cul t th · f th 17 h e -

t . al th 0D600 at 17 h i 
· 1 d ity at 600 nm of th ultur at 

of h in ubation with ch mical. 



r 
in th num r 

d 11 ia ility. 

MB no 

Th f iabl 11 p r 11 p r r -
m inant a d t mlin d taking an 

aliqu t u p nd d in C-HI m dium 
and imm di t 1 dilutin the aliquot in C 
m dium. Th num r of viabl ell p r well 

a th n d t rmin d by taking the numb r of 
po iti 11 in the ynth tic compl t medium 
microtit r plat u ing a Poi on di tribution, and 
multiplying b the dilution factor u d. The re
combination fr qu ncie in the untreated con
trol cultur rang d from 1 x 1 o-4 to 5 x 10-4. 
Thi a found to be consi tent with recombi
nation fr qu ncie previously reported for DEL 
recombination in S. cerevisiae(Bailly et al., 1992; 
chie ti and Praka h, 1990; chiestl and Reddy, 

1990; chie tl 1989· chiestl et al., 1989; chiestl 
and Praka h , 1988). Inductions in recombination 
greater than twofold over those of the untreated 
controls were considered to be po itive in the 
microtiter plate format, because results obtained 
at this level of induction had an experimental 
coefficient of variation of ±20%. 
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Effi ct if Methyl Orange 

Th p m thyl orange, which 
4 .5 and pink at a pH of 

m range to pink upon 
ny in a microtiter plate 
ita ing of ·the mi

xp riment. The 
ul n ynth tic me
-5. 0, whil the pH of 
ltur a ia from 

ntaining oloni 
It a · t to d -
in th p of dy 

binati n nci or 
n ind p nd nt ultur , con-

. 1, in ubat d for 17 
· and M c-

ti al · at 
ti n f r 17 h at 
r wing to 

wth i con nt 
ar plat d 

., 1989). Following 
untr at d y a t cul

in mi rotit r plat contain
r without 60 µg/ml m thyl or

. icant diff r nc wa een in the 
r combinati n frequ ncy in the 

a of methyl orange (Table 
ntaneou r combination frequen-

c· found to be consi tent with those pre-
v reported for the yeast DEL system (Bailly 
et al., 1992; chie ti and Prakash, 1990; Schiestl 
and R ddy, 1990; Schie tl, 1989; Schiestl et al., 
1989; chiestl and Prakash, 1988). No difference 
in the size of the colonies was observed when 
thos growing in the presence or absence of 
methyl orarrge were compared. No new pink 
well were observed in the microtiter plates af
ter incubation in excess of the initial 3 days at 
30°C. Wells did not change from orange to pink 
when no yeast colonies were present. 

Chemicals Tested in the 
Microtiter Plate Format 

The established carcinogens MMS, EMS, epi
chlorohydrin, and 4NQO (McCann et al., 1975; 
IARC 1973-1987) were tested for their ability to 
induce DEL recombination in the microtiter for
mat. Inductions in recombination rate twofold 
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over those of th untr at d c 
sidered po itiv re 
chiestl et al. , 1989). 

ha been shown t b 
ay and CE a ay , and a 

tive r pon e in th micro 
say, a th y had in th a 
(Schie tl , 19 9; hi t1 t al. , 
and epichlor hydrin, which al 
o4 po ition of · 
nine, and ind 
(Ch n t al. , 
14-21-fold 
ical 

ra , 
1985; Butt rworth 1 
in both th agar plat D 
chie tl et al. 19 9) and 

A ay (Tabl 1 . Th carcinog n b whi h 
is negative in th a and 
T nnant, 1991 ut indu in human lym-
phocyte (Er x on et al. , 1985 indu Lr -
combination approximat ly 11-fold 1 . 

The solvents ac ton , DM O d an 1 ar 
frequently u d in hort-t rm di olv 
chemical that ar in olubl lubl 
in water. Y tr at d ith th ol-
vents in concentrati O final olum . 
The recombination f 
control for all three 
Acetone cau · · 
in volume 20 
cell viability dr pp d 
ative control. Y a t mbin ti n a n t 
induced at th cytotoxi con · hich 
indicate that 11 alon u 
recombination. Th d than l 
which r due d iability to appr at l 60% 
when u d at on entration of % total ol
ume, did not induce yea t DEL r ombination 

MMERSETAL 

n gati · ba t rial 
b. md 
1 tl t al. 
1 . Th arcinog n -
ti ba n 
th ea ay. 

An und r tanding of hy y t DEL a -
d . th th poi-

. in al a ·e in th 
r · d r ombination in 

· u 1 n d termined that th 
of t DEL r combination 
u · r th c1 10n repair 

an break r pair of D A, ince 
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izati number by opti-
nm the need to per-

ltipl plating from serial di
viability and recombinants, 

a ar plat a ay (Figs. 2, 
f 11 c unt from the mi

thi time
Mi ro oft Windows
ritt n t p rform all 
d in thi t xt and to 

a y-to-r ad r port. 
~ rmat involv pri

r combination 
n , th a ay 
xi ting robotic 

t DEL a ay 
a t ting d -

in which the 
n RAD2 ha b n 
n i mparabl to the 

· uvrA and uvrB, which 
u almonella and E. coli 

ta ni ity truction of mu-
train tha th poro ity of 

A. Set up cultur s for exposure to test compound. Determine the starting cell number (average of three 
counts) for each ample to be tested by counting cells using a phase contrast microscope and a hemocyto
meter. 

B. Determine cell number after the overnight exposure to test compound in each sample tested using a phase 
contrast microscope and hemocytometer (average of three counts). 

C. Wash out test compound and perform serial dilutions. 

Each sample 
tested. 

D. Plate cells for both recombinants and viability. 2 plates for recombinants and 2 plates for viability 
for each serial dilution. 

E. Incubate the agar plates for 2 -3 days. 

F. Score all plates and calculate the results by hand. 

FIG. 3. Yea t DEL assay using the agar plate format. The agar plate format requires multiple cell counts 
u ing a hemacytometer for each ample tested, serial dilutions for each sample tested, and multiple plat
ing for recombinants and viability for each sample te ted. 
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the yea t cell wall, which would b mpara-
ble to the rfa mutation in almonella, ar al 
in progr s . 9 fraction, whi h ha b n u d 
to activate cyclopho phamid in th y a t L 
a ay by chi t1 and R ddy 1990 , i urr ntly 
b ing u d to t t th r mp und that r quir 
m tabolic activati n. 
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