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SUMMARY

Evidence is presented that pneumococcal transforming DNA is not degraded by
chromatography on columns of the cellulose derivative anion-exchanger ECTEOLA.
Essentially all of the mannitol- and penicillin-transforming activities added to the
column were recovered in the column eluates, although more streptomycin-trans-
forming activity was recovered than was aprarent in the original, unfractionated DNA,

The results obtained by determining: .he transforming activity-dose response
curves of selected fractions have been interpreted as indicating that DNA-induced
transformation to streptomycin-resistance in pneumococci can be a property of
DNA molecules which vary intrinsically in relative transforming ability.

The transforming activities were not restricted to any one chromatographic
peak or region, but were present in several DNA fractions which had been obtained
with eluting solutions of widely varying ionic strength and pH.

INTRODUCTIOXN

The finding that deoxyribonucleic acid (DNA} isolated from many single sources is
heterogeneous (for references seel) prompted atiempts to fractionate the hiologically-
active DNA of pneumococcus (the transforming principle). EPHRUSSI-TAYLOR?,
fractionated streptomycin-transforming DNA of pneumococcus cn histone-Kiesel-
guhr columns? and obtained fractions which we.e as much as five times as active,
per unit weight, as the original, unfractionated preparation. Similar resuits have
also been obtained! with pneumococcal DNA by chromatography on columns of
ECTEOLA a meodified cellulose anion-exchanger developed by PETERSON AND SOBERY

This report deals with the fractionation of pneumococcal transiorming DNA on
ECTEOLA, and 15 concerned primarily with aspects of the recovery of transforming

* Presented in part before the Forty-cight Annual Meeting of the American Socicty of Biological
Chemists, Chicago, Illinois, April 15~10, 1957.
"* Present address: Department of Biochemistry, Vanderbilt University, Nashville, Tenn.
*** Alfred P. Sloan Foundation Pre-Doctoral Fellow.
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activity from the column and with the transforming activity-dose response relation-
ships of some of the calumn fractions.

MATERIALS AND METHODS

All experiments were performed with DNA prepared from a strain of pneumococcus
resistant to streptomycin, penicillin, and sulfanilamide, and capable of fermenting
mannitol. This strain was obtained from Dr. RoLrin D, Horcukiss of the Rockefeller
Institute, and has been described by MARMUR aND FLUKE®S

DNA was prepared by lysing the cells with deoxycholate, and deproteinizing
with chloreform and amyl alcohol, and precipitating with ethanol$, The preparation
was also treated with ribonuclease and subsequently dialyséd first against 2 A NaCl
and then against o.0r M phosphate buffer,

The receptor strain of pneumococcus, RA3, wasalso obtained from Dr. HOTCHKISS.
The procedures for the transforming system® and the method of quantitation using
anti-R serum?” were ecmploved as described.

Ipactionation procedure: Continuous elution (Expt. 1): The double-mixing cham-
ber procedure® was followed. A column containing 0.5 g ECTEOLA (5.1 > 0.8 cm;
0.20 mequiv./g; 0.5I %5 N} was used to fractionate 3.2 mg DNA at 0-3°.

Discontinuous elution {Expt. 2): The column and guantities were essentially
the same as those used for continuous elution. The following eluents were used
successively:

Gz ml o.01 M phosphate buffer pH 7; 145 ml 0.5 W NaCl, o.01r M phosphate
bufifer; 73 ml o.5 M NaCl, o.o1 M phosphate buffer, 0.x M NH;; 87 ml 0.5 M NaCl,
0.01 M phosphate buffer, 1 A NH,; 114 mi 2 Af NaCl, o.01 M phosphate buffer,
1 M NHj; 58 ml 0.5 A NaOH,

RESULTS

In cach experiment, all of the DNA as well as all of the measurable transforming
activities were removed by the exchanger when the nucleic acid solution was passed
thronugh the column,

Fhe chromatographic profile of 3.2 mg of DNA isolated from pneumococci
resistant to streptomycin, penicillin, and sulfanilamide and which could utilize
mannitol is given in Fig. 1. The gradicnt elation system used is indicated below the
fraction number. The profile shows five major peaks.

Selected fractions, identific] by fraction number and molarity and pH of the
eluting solution were assayeld for their streptomycin-transforming activity. The
results are given in Table 1. 'Yhe number of transformed cells was determined for
each column fraction on aliguots diluted with 0.9 %; saline to give a concentration
{about 0.04 pg/ml) at which the number of cells transformed was proportional to the
amount of DNA added. The specific activity was calculated as the number of cells
transformed per pg DMA, and the relative activity determined by dividing the
specific activity of the fraction by the specific activity of the original, unfractionated
material. The data within each column were determined simultaneously with aliquots
of the same competent culture. The three columns thus represent determinations
at three different times.
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Fig. 1. Chromatographic fractionation of 3.2 ing of four-marker pnoumu(.ncc.ll XA oma column

containing 0.5 g of ECTEOLA (5.1 >fo.83 cm; ECTEOLASE 1, 0.20 mequiv.fg, 0.51 %, ¥); flow
rate 8 mi/h.
TABILEI
RELATIVE STREPTOMYCIN-TRANSIFORMING ACTIVITY OF SELECTED
CHROMATOGRAPHIC FRACTIONS OF PNEUMOCOCCAL DN \.
Comrrsiion of elucnt
Fraction umher - ———— . — e - . pEr Fevlatiivc fransforming aoliidy N
Modavity, Noal!f Weduritv, N#, 1
Original 70 (s 1.0 1.0
25 017 b .7 .8 €7
27 0.1} 7.0 0,2 0.4 .2
24) n.2i 7.0 0.5 (AN 53 .1
32 .25 L Q.4 o) .04
35 [ -] T Tz 0.4 1.4
.|(l l),j_' ;‘ 8] {?,(_) o7 .2
fr7 0.15 7.0 (] [¢] .00
748 03T Ry (3} a.r 0.4013
[514] 0. 50 0,02 S.4 1.0 1.5 2.0
173 n.50 .22 0.5 5.0 1.2
140 Q.50 .50 10,4 HA S 1.0
260 200 E.0 IL.o 5.1 4.8
" Lxperiment 1.
The relative activities of the fractions show considerable variation, e.g. fractions
¢ relative activities of the fractions show consideranle variation, .2, fractions

173 and 260 possess at least fifty times the activity of others (e.,,., No. 6/) and about
five times the activity of the original material. As an aid in determining the cause of
these variations in activity, the dose-response curves for fractions 173 and 260 (high
relaiive activity), fraction 32 (low relative activity), and the original, unfractionated
preparation were determined (Fig. 2).

References p. 502,



.

563 S. M. BEISER ¢t al. voL, 34 (1959)

It should be noted (Fig. 1) that fractions 32, 1%3, and 260 occurred in completely
separate regions of tae chromatogram, and consequently had been exposed during
clution to very different environments of ionic strength and pH. Despite this, the
data of Fig. 2 demonstrate that cach of these fractions and the unfractionated DNA
transformed the same total number of cells provided enough DMA was added.

Since it would be impractical to determine the recovery of DNA and of trans-
forming activity by analyzing separately the 300-odd fractions obtained by gradient
clution, a second fractionation experiment was carried out in which discontinuous
elution was used to obtain five gross fractions, each of which contained the corre-

-
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Fig. 2. Activity-dose response {transformation to streptomycin resistance) relationship of pneu-
macoccal DNA and chromatographic fractions thereof.

Q.

TABLE I1
RECOVERY OF TRANSFORMING ACTIVITIES "

Columns A refer to values on ammonia-containing eluents; thase in the B columns are values
obtained after removal of ammonia.

Eluent BN Total tr - ssformants % of original
Fraciion somber recavered® h
M, NaCl M, NH, " AT, a Ty g Momns
1 4.5 o o o o o o
2 0.5 25.0 8g 8g 25 a: 47 47
3 1 oux 2.5 47 47 zo 20 49 49
4 a.5 1.0 19.5 3 33 3 38 o o
5 2.0 i.0 18.5 o 4 4] a L] o
: 0.5 N Na(OH 7.0 o o o a a o
Total received 87.0 141 173 48 83 oh 96

“ Experiment 2.
\ :: Recovery based on determination of the CERIOTTI color valuel$.
Average cf 6 determinations.
§ Average of 3 determinations,
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sponding major peak found in the gradient =lution profile, The recovery data are
summarized in Table IT. The fractions obtained with an aminonia-containing eluent
were assayed for transforming activity both immediately following elution {rom the
ECTEQLA {columns A, Table IT} and a’ier being placed zn vacuo for at least three
days followed by restoration of the original volume with sterile distilled water
(columns B, Tabhie II). Preliminary experiments with solutions of unifractionated
DNA showed that although the presence of ammonia resulted in lower relative
activities, the original activity couid be quantitatively restored after ién vaecno removal
of the ammonia. By carrying out the assays in the linear response portion of the
curve and knowing the total volume of each fraction, the per cent of the original
activity contained in each of these fraciions was calculated. As indicated in Table IT,
the recoveries of DNA and penicillin and mannitol-transforming activiiies were
essentially quantitative. However, more total streptomycin transforming activity
was found in the fractions than was apparent in the original unfractionated material.

DISCUSSION

This investigation was designed primarily to determine whether the transforming
DNA is damaged by chromatography on ECTEOLA. The recovery of the #rans-
forming activities (Table II) indicates that if any degradation or denaturation does
occur, it is not reflected in a loss of biological activity. In fact, there is an apparent
gain in the streptomycin transforming activity, more being found in the fractions
eluted from the column than was present in the original preparation. Since it has
been shown that non-transforming DNA may inhibit transformation® 19, the increase
in streptomycin-transforming activity could result from a fractionation of non-
transforming or inhibiting DNA present in the original sample. That is, in the original
sample all of the DNA efiecting transformation to streptomycin-resistance compeies
with inhibiting DNA present whereas after fractionation the inhibiting DNA may
not be equally distributed or may not be equally effective in all of the fractions.
This would result from an alteration in the ratio of inhibiting to transforming DNA.
If this hypothesis should prove to be valid, the results also suggest that inhibition
of transformation by DNA may be specific since the mannitol- and penicillin-trans-
forming treactions did not show the increase found with streptomycin-transformation
{Table IT).

The data in Table II also apparcntly demonstrate some separation of {ransforming’
activities. For example, Fraction 4 contained 19.5 % of the original DNA, 339 of
the streptomycin-transforming activity, but no demonstrable mannitol-transforming
activity. However, it is possible that this result, as well as the recovery data discussed
above, may be due to fractionation of inhibiting DNA. Accordingly, these results
alone do not constitute conclusive evidence for a separation of transforming factors.

The dose-response curves {Fig. 2) are of interest in that the original, unfraction-
ated DNA and each of the fractions studied, when present in excess, transform the
same number of cells within experimental error. HoTcHKISS has stated!® that the
vield of transformants in the platcau region (excess DNA) is “the most significant
test for the quality of any new DNA fraction or preparation of transforming DNA™,
By this criterion, then, the three fractions were of the same quality as the original,
and were not damaged as a result of chromatography oin ECTEOLA.
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The results in Fig. 2 may also be interpreted as irdicating that the differences
in relative activity are not due to differences in the proportion of active to inactive
DNA molecules in each fraction. If this were the case, fractions 173 and 260 should
reach a higher plateau than the ariginal, which in turn, should reach a higher platean
than fraction 3z2. It would appear, therefore, that streptomycin-transforming activity
may reside in different DNA molecules with intrinsic differences in relative activity.
It has not yet been possibie to determine whether these variations are due to differ-
ences in ability to penetrate the celil, or tc variations in incorporation into the genetic
apparatus of the cell, or possibly to a combination of the two. Studies in progress using
appropriately mixed fractions of the total DNA may offer answers to such questions,

These experiments indicate that transforming DNA behaves like other DNA’s
in that it. too is heterogencous when examined by the anion-exchange techmiqne.
Detailed studics on DNA from other species have indicated that individual fractions
from single sources differ in basc composition®, physice-chemical behavior!!.12,
response to chemical or physical agentsth 13, and ability to serve as primer!! in the
enzvmic synthesis of DNA'W, It may therefore be inferred that the differences in
biological activity exhibited by the pneumococcal DNA fractions arise from differ-
ences in their chemical and physical properties, It is believed that expariments with
these and similar Iractions may furnish some clues to the chemical basis of their
genctic activity.
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