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THYMINE DEPR{IVATION OF THE THYMINELESS AUXOTROPH ESCHERICHIA coL) 15T

IN AN OTHERWISE COMPLETE MEDIUM RESULTS IN THE LOSS OF ITS ABILITY TO
DIVIDE, A PHENOMENON WHICH HAS BEEN TERMED ''THYMINELESS DEATH'' (BARNER AND
ConeN, 1955). MENNINGMANN (1964) aND ALso SicarD ET aL. (1967) concLupe
THAT THYMINELESS DEATH RESULTS FROM TWO PROCESSES A) THE INDUCTION OF AN
EPISOME BY THYMINE STARVATION AND SUBSEQUENT READDITION OF THYMINE AND

B) A LETHAL EFFECT OF THYMINE STARVATION WHICH IS INDEPENDENT OF EPISOME
INDUCTION. USING A STRAIN OF E. cor1 15T” WHICH WAS NEITHER LYSOGENIC NOR
COLICINOGENIC SICARD AND SIMONNET (1967) O0BSERVED A 50% REDUCTION IN
VIABILITY IN 2 HOURS OF THYMINELESS INCUBATION. THERE ARE INDIRECT INDI-
CATIONS THAT DNA MAY BE ALTERED UNDER THYMINELESS CONDITIONS, INCLUDING A
DECREASE IN MESSENGER RNA sYNTHEsS1s (McFALL AND MAGASANIK, 1962), LoSS OF

TRANSFORMING ACTIVITY OF DNA FROM THYMINELESS BACILLUS SUBTILIS (SICARD AND

ANAGNOSTOPOULOS, 1964), DIFFICULTIES oF DNA EXTRACTION FROM THYMINELESS
CELLS (MCFALL AND MAGASANIK, 1962) aAND THE DECREASE IN PRIMING ACTIVITY FOR
RNA POLYMERASE B8Y DNA FROM THYMINELESS CELLS (LuzzATi, 1966)., THE OBSERVED
LOSS OF DIVISION ABILITY UNDER THYMINELESS CONDITIONS SUGGESTED TO US THAT
AN ALTERED DNA POLYMERASE ACTIVITY OR AN ALTERED DNA TEMPLATE ACTIVITY MAY,
IN PART, BE INVOLVED. [N THIS INVESTIGATION DNA FROM CELLS SUBJECTED TO

THYMINELESS CONDITIONS WAS COMPARED To DNA FROM CONTROL CELLS AS TO ITS
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FUNCTIONAL ABILITY TO SERVE AS TEMPLATE FOR DNA POLY.(ERASE AND AS SUBSTRATE
FOR HYDROLYSIS BY AN ENDO AND EXODEOXYRIBONUCLEASE. THE ACTIVITY OoF DNA
POLYMERASE FROM THESE CELLS WAS ALSO COMPARED USING CALF THYMUS DNA AS
PRIMERe OUR RESULTS INDICATE THAT DNA POLYMERASE ACTIVITY REMAINS UNALTERED
UNDER THYMINELESS CONDITIONSe CRUDE DNA FROM THYMINE STARVED CELLS HAD A
DIMINISHED TEMPLATE ACTIVITY FOR DNA POLYMERASE BUT PURIFIED DNA SHOWED
NORMAL TEMPLATE ABILITY. HOWEVER, PURIFIED DNA FROM THYMINE DEPRIVED CELLS
SHOWED INCREASED RESISTANCE TO NUCLEOLYTIC ENZYMESe

MATER1ALS AND METHODS: THE MEDIUM AND GENERAL METHODS FOR CULTURE

MAINTENANCE, GROWTH, THYMINE STARVATION AND HARVEST ARE THE SAME AS
PREVIOUSLY DESCRIBED (SCHAIBERGER, ET AL. 1965). CHEMICAL DETERMINATIONS
FOR TOTAL PROTEIN AND DNA WERE PERFORMED BY THE METHOD OF LOWRY ET Al. (1961)
AND BurToN (1956) RESPECTIVELY. CRUDE EXTRACTS WERE PREPARED FROM CONTROL
AND THYMINE STARVED CELLS BY SONIC DISRUPTION IN A BRANSON S-75 SONIFIER

AT MAXIMUM POWER FOR 45 SECONDS AT 4° C. THESE SONICATES WERE CENTRIFUGED
AT 10,0006 For 20 MINUTES To REMOVE CELL DEBRIS. CRUDE DNA WAS PREPARED

BY HEATING THE ABOVE EXTRACTS FOR 20 MINUTES AT 100° C, FOLLOWED BY
CENTRIFUGATION AT 10,0006 FoR 20 MINUTES. THIS PROCEDURE PRODUCED GREATER
THAN 75% vIELD oF DNA. PURIFIED DNA WAS ISOLATED FROM THE CRUDE EXTRACTS
BY THE METHOD OF MARMUR (1961) (YIELD APPROXIMATELY 40%). CRupE DNA
POLYMERASE WAS PREPARED FROM THE CRUDE EXTRACTS BY THE AUTOLYTIC REMOVAL OF
DNA (RiICHARDSON ET AL. 1964 ). PURIFIED DNA POLYMERASE WAS OBTAINED FROM
BroroLYMERS, INC. THE IN VITRO SYNTHESIS OF DNA WAS CARRIED OUT ACCORDING
T0 RICHARDSON ET AL. (1964) AND ASSAYED BY MEASURING THE CONVERSION OF
CY#-THYMIDINE TRIPHOSPHATE INTO ACID-INSOLUBLE PRODUCT AT 30° C WHICH WAS
COLLECTED AND WASHED BY FILTRATION ON O.454 MILLIPORE FILTERSe RADIOACTIVE
DNA WAS PREPARED BY GROWING THE CELLS IN TRITIATED THYMINE (1.6 MILLUCURIES
THYMINE-METHYL-H3 PER LITER OF CULTURE MEDIUM) AND 1SOLATING THE LABLED

DNA (SPECIFIC ACTIVITY - 30 MICROCURIES/MICROMOLE) BY THE METHOD OF

MarRMUR (1961). DNAASE ACTIVITIES WERE DETERMINED BY MEASURING THE DECREASE
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IN ACID-INSOLUBLE RADIOACTIVITYs ALL RADIOACTIVE SAMPLES WERE COUNTED IN

A LIQUID SCINTILLATION SPECTROMETERe RADIOACTIVE NUCLEOSIDE TRIPHOSPHATE
AND H3-THYMINE WERE OBTAINED FROM SCHWARZ B1ORESEARCH, INC. THE NUCLEO-
LYTIC ENZYMES, SNAKE VENOM PHOSPHODIESTERASE (EC 3.71.4.1), AND ENDONUCLEASE
1l (BovINE SPLEEN EC 3.71.4.6), WERE PURCHASED FROM WORTHINGTON BIOCHEMICAL
CORPORATION. CALF THYMUS DNA wWAS OBTAINED FROM SI1GMA CHEMICAL COMPANY.

RESULTS AND DIScusSsioN: THE ABILITIES OF AN EXONUCLEASE (SVP) anD

ENDONUCLEASE 1 (ENpo T1) To DEGRADE PURIFIED DNA FROM CONTROL AND THYMINE=
STARVED CELLS ARE COMPARED I[N TABLE 1o SVP INITIATES HYDROLYSIS OF SINGLE
STRANDED DNA AT THE 3'-0H END PRODUCING 5' MONONUCLEOTIDES IN A STEPWISE
FAsHION (FELIX ET AL. 1960). TABLE 1 sHows THAT SVP ATTACKED CONTRoL DNA

AT FOUR TIMES THE RATE THAT 1T HYDROLYZED DNA FROM THYMINE-STARVED CELLS.
Enpo Il ATTACKS DNA IN A MORE RANDOM FASHION LIBERATING OLIGONUCLEOTIDES.
As SHOWN IN TABLE 1 ENDO Il ATTACKED coNTROL DNA AT A MUCH GREATER RATE
THAN DNA FROM THYMINE-DEPRIVED CELLS. MOREOVER, DNA FROM THYMINE-STARVED
CELLS APPEARED TO HAVE A RESISTANT CORE WHICH WAS NOT SUSCEPTIBLE TO

HYDROLYSIS BY THIS ENZYME.

TABLE 1. DNA FrRoM CONTROL AND THYMINELESS CELLS AS SUBSTRATE
FoR SNAKE VENOM PHOSPHODIESTERASE AND ENDONUCLEASE |1

PER CENT DNA HybRoLYSIS

MINUTES SNAKE VENOM PHOSPHODIESTERASE ENpDONUCLEASE ||
HYDROLYS!S CONTROL 4 HR THYMLNELESS CONTROL 4 HR THYMINELESS
0 0.0 0.0 0.0 0.0
10 12.9 3.0 30.8 1M.7
20 24,5 6.2 57.6 17.1
4o 29.0 12.9 87.6 18.3

Using SVP, THE REACTION MIXTURES (2.0 ML) WERE INCUBATED AT 30° C AND
CONTAINED 0.5 MG ENZYME, 13.51 MOLES OF MG ACETATE, AND 30 Mt MOLES DNA-H3 IN
PHOSPHATE BUFFER, PH 7.0. UsiNe ENoo [1, THE REACTION MIXTURES (2.0 ML) WERE
INCUBATED AT 25° C AND CONTAINED 150 M6 ENZYME, 160 £ MOLES NA-ACETATE BUFFER,
PH 4.6, AnD 30 M MOLES DNA~-H3. SAMPLES (0.2ML) WERE REMOVED AT ABOVE SHOWN
INTERVALS FOR RADIOACTIVE ASSAY.
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THE CAPACITY OF EXTRACTS FROM THYMINE DEPRIVED CELLS FOR IN VITRO
SYNTHESIS OF DNA WAS EXAMINEDs, CRUDE EXTRACTS OF CULTURES DEPRIVED OF

THYMINE FOR 1 OR 2 HOURS SHOW A DECREASED CAPACITY FOR

el

INCORPORATION OF

~TTP inTo DNA (Fi1G 1)s |F THYMINE IS ADDED TO THE CULTURE AFTER 2 HOURS

OF DEPRIVATION, THE ABILITY OF CRUDE EXTRACTS OF THIS CULTURE TO INCORPORATE

I

C" _TTP inTo DNA REMAINS 1MPAIRED (FIG 1). COHEN AND BARNER (1955) Have
DEMONSTRATED THAT DURING THE PERIOD AFTER THYMINE READDITION, A 50% INCREASE
IN ONA OCCURS, INDICATING THAT THESE CELLS ARE CAPABLE OF DNA SYNTHESIS

IN vIVo: THE DNA SYNTHESIZED DURING THIS PERIOD MAY WELL REPRESENT DNA OF

THE DEFECTIVE PROPHAGE. THESE OBSERVED DECREASES IN THE RATE OF IN VITRO

DNA SYNTHESIS MAY BE DUE To (1) DECREASED LEVELS OF DNA
{2) PRODUCTION OF AN INHIBITOR OF THE REACTION OR OF AN
DNA 1TSELF OR (3) INCREASED LEVELS OF NUCLEASE ACTIVITY

STARVATION.

THE DATA PRESENTED BELOW APPEAR T0 SUPPORT

POLYMERASE,
ALTERATION OF THE
DURING THYMINE

THE SECOND HYPOTHESIS.
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THE LEVEL OF DNA POLYMERASE WAS MEASURED IN CRUDE EXTRACTS OF THYMINE
DEPRIVED CELLS USING CALF THYMUs DNA As PRIMER (FIG 2). DNA POLQMERASE
CONTINUES TO BE SYNTHESIZED DURING THYMINE DEPRIVATION IN PARALLEL WITH
NET PROTEIN SYNTHESIS. NO SIGNIFICANT CHANGE IN SPECIFIC ACTIVITY OCCURS
FOR AT LEAST 4 HOURS OF THYMINE DEPRIVATION OR UPON THE READDITION OF
THYMINE THEREAFTER EVEN THOUGH THERE 1S A 50% INCREASE IN DNA FOLLOWING SUCH
ADDITION. THUS, IT APPEARS THAT LACK OF SUFFICIENT POLYMERASE IS NOT
RESPONSIBLE FOR THE OBSERVED DECREASE IN SYNTHETIC ABILITY OF THESE CRUDE
EXTRACTSe NUCLEASE ACTIVITY UNDER THE CONDITIONS OF THE DNA POLYMERASE
ASSAY WAS EXAMINED AND FOUND TO BE LOW AND APPROXIMATELY THE SAME IN ALL

THE CRUDE EXTRACTS.
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To TEST THE POSSIBILITY THAT THE DNA WAS ALTERED DURING THYMINE DEPRIVATION,
CRUDE DNA WAS PREPARED FROM THE ABOVE EXTRACTS. THIS DNA WAS ASSAYED FOR
TEMPLATE ABILITY USING PURIFIED DNA POLYMERASE. AS SHOWN IN FiG 3, DNA
FROM THYMINELESS CELLS WAS A POORER TEMPLATE FOR THE ENZYME THAN CONTROL
DNA. WHEN DNA FROM THESE SAME CULTURES WAS ISOLATED AND PURIFIED BY THE

PROCEDURE oF MARMUR (1961), NO DIFFERENCE IN THEIR ABILITY TO SERVE AS
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TEMPLATE WAS OBSERVED (FIG 3) WHEN ASSAYED WITH PURIFIED POLYMERASE.
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FiG. 3 - TEMPLATE ABILITY OF CRUDE AND PURIFIED DNA USING PURIFIED POLY~
MERASE. CRUDE DNA WAS OBTAINED FROM CRUDE EXTRACTS BY HEATING AT 100°C
FoR 20 MIN (SEE TEXT). PURIFIED DNA WAS OBTAINED FROM THESE SAME EXTRACTS
BY THE PROCEDURE OF MARMUR. ASSAY MIXTURES CONTAINED 0.75 UNITS/ML OF
PURIFIED DNA POLYMERASE AND DNA AT THE CONCENTRATIONS INDICATED

[N OTHER EXPERIMENTS, PURIFIED DNA 1SOLATED FROM CELLS DEPRIVED OF
THYMINE FOR AS LONG AS SIX HOURS ALSO SHOWED NO DECREASE.IN TEMPLATE
ABILITY WHEN MEASURED WITH CRUDE POLYMERASE FROM CONTROL CULTURES OR WITH
CRUDE POLYMERASE FROM 2 HR THYMINE DEPRIVED CULTURES. RNAASE TREATMENT OF

THE CRUDE DNA PREPARATION HAD NO EFFECT ON THE OBSERVED INHIBITION.
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THESE RESULTS LEAD US TO CONCLUDE THAT A HEAT STABLE SUBSTANCE 1S PRO~
DUCED DURING THYMINE DEPRIVATION, POSSIBLY ASSOCIATED WITH DNA, WHICH
LEADS TO A DECREASE IN THE ABILITY OoF sucH DNA To SERVE AS TEMPLATE FOR
DNA POLYMERASE. LuzzaTi, (1966) HAS RECENTLY REPORTED AN IMPAIRED TEMPLATE
ABILITY FOR DNA FROM THYMINE-DEPRIVED CELLS FOR RNA PQLYMERASE. WITH
FURTHER PURIFICATION OF THE THYMINE-DEPRIVED DNA THIS AUTHOR OBSERVED A
15-35% INCREASE IN THE PRIMING EFFICIENCY FOR RNA POLYMERASE. THIS
OBSERVATION AND OUR RESULTS, SHOWING COMPLETE RESTORATION OF DNA TEMPLATE

ABILITY FOR DNA SYNTHES!S UPON PURIFICATION, SUGGESTS TO US THAT DNA UNDER

THYMINELESS CONDITIONS BECOMES ASSOCIATED WITH SOME CONSTITUENT (PERHAPS
A PROTEIN) WHICH IS DISASSOCIATED UPON PURIFICATION, THE POSSIBILITY
THAT OUR 1SOLATION PROCEDURE SELECTS FOR UNALTERED DNA IS NOT ELIMINATED.
OUR FAILURE TO OBSERVE REVERSAL OF INCREASED RESISTANCE TO NUCLEO-
LYTIC ACTION UPON PURIFICATION - IN CONTRAST TO ITS RESTORATION OF DNA
PRIMING ABILITY = MAY INDICATE A VARIED QUANTITATIVE EFFECT OF THE
POSTULATED COMPONENT OR THAT MORE THAN A SINGLE QUALITATIVE CHANGE IS
ASSOCIATED WITH DNA. IT HAS BEEN REPORTED BY BURTON AND SMITH, (1965)
AND LuzzAT1, (1966) THAT NO DETECTABLE CHANGES IN PHYSICAL PROPERTIES ARE
OBSERVABLE IN PURIFIED DNA DURING THYMINE DEPRIVATION EVEN THOUGH HIGHLY
PURIFIED DNA HAS BEEN REPORTED TO CONTAIN 0.7 To 1.0 PER CENT RESIDUAL
PROTEIN (LEANER AND CRUFT, 1966, OLENICK AND HAHN, 1964). IT IS POSSIBLE
THAT SUCH RESIDUAL PROTEIN MAY AFFECT ENZYMATIC ACTIVITY WITHOUT ALTERING

PHYSICAL CHARACTERISTICS.
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