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DETERGENT EFFECTS ON THREE NUCLEOTIDE-POLYMERASE
| ACTIVITIES | S
Frances M. Thompson, Alian N. Tischlér,.Louis J. Libertini,vjesse Adams

and Melvin Calvin |,

_ Laboratory ovahemical_Biodyﬁamics; University of California, Berkeley

SUMMARY

Non-ionic detergents stabilize the activities of;fhree nucleotide

polymerases but have varied effects on four other enzymes.

Boviné serum albﬁmin (BSA) has been usedif%r ﬁany'years to stabilize
some énzymes_in rea;tidn mixtures and solutions_whi;h Qouid'otherwise
have very low protein concehtrétions. More recéntly;;non-iOnic,deter-
gents and lipids haQe been used t0»solubi1ize, stébilize or activate
enzymes (1). ~In.particu1ar;_it is betom{ﬁg appgrént;that non—ioni; deter-
gents effect the actiﬁity of viral reverse transcriptase.

We have previously reported that the ;oncentfafiqn‘of various non-
ionic detergents in the assay strongly influenées théla;tivity of an
RNA-instructed DNA polymerase (RDP) function from Mlv-transformed UCL-B
cells (2);. This RDP functidn was shown to be preséht-in the cells only

_ aftef/virallinfeCtion énd‘to have the template‘preferéﬁces characteristic
‘ 6f'viral reverse transcriptase (3).
Some infénnation about the detergeht effect on the RDP activity can

. be cbtained by assaying activity as a function of time. As shown in
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Figure 1, the initial activity was nearly 1ndependent of the detergent
concentratlon In the presence ost.Ol%vTrlton DN-6S, the reaction
centinued at a constant‘rate_fOr more than 60Aminutes. ‘However, at
low detergeht'coneentrations, the activity deereaSedeith time,'and
the rate of activity loss was greatest for the 1dwestvdetergent con- -
centrations. Thus, the'effect of detergent appears'to be primarily_;(
one of stabilization rather than act1vat10n Incteasing the
detergent concentrat1on from 0. 00067% to 0 01% after the reactlon
has proceeded for 60_m1nutes,appeared to stablllzevthe remalnlng
activity but did not,teEover'anylof the activitylwﬁieh had'been lost.
As also shown in Figure 1, 30 ug/mlvof BSA resulted.in nearly complete
stab111zat1on of the polymerase act1v1ty o8 . ‘

The volume of the reaction was also found to be Very 1mportant.

when - \

‘In another exper1ment/the react1on at 0.00067% (0 012 mM) Triton

DN-65 was Tun in a total volume of 1.8 ml from Wthh lOO ul samples

are w1thdrawn at the appropr1ate times, the act1V1ty remains constant

for at least 60 mlnutes '1ncorporat1ng 43 pmoles at 60 mlnutes

These results are very dlfferent from those shoWn in F1gure 1 for

the same detergent concentratlon in 1nd1v1dual lOOa'ul assays where
the~surface-te%velume ratio is very much larget.‘The:differentfresults
_obtained.bf the two assay methodsfihdicate.that-at least a pottion

of the stab1llz1ng effect of detergents is a protect1on of the enzyme
from irreversible surface 1nact1vat10n on the glass walls of the test

tube or at the air- water interface.
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Althoﬁgh 0.012~mM_detergent was sufficient.tojstabilize the poly-
merase activity in large volumes under assay cdnditions (as discussed
in the preceding paragraph), 0.014\mM-detergent was not sufficient
to stabilize the activity in enzyme stock solutions which did not
COﬁtain témplate and substrate. An active extract}wés diluted to 0.00085%
Triton X-100 in 1.36 ml and kept at 0°C. Samples of this diluted 3
extract'were then assayed as a function of time ét é conétant, nearh
opfimal;:Triton X-100 concehtration (0.004%). As shown in Figure 2,
about SO% of the polymerase activity was irrevefsibly lost éfter 30
minﬁtes; with a half-time of approximately 10 minutés‘followed by a
slow loss of activity in the ensuing 24 hours.iT£é 1ost activity

could not be recovered even when the diluted‘extract, which was still

in the original Gessel, was brought to O.OOS%STritoh X-100 concentration

and allowéd to.stand 30 minutes before an aliqubtbwas.takenvfor assay.
The appropriate control, also shown'in Figure 2, indicated that thé'
loss'6f activity was prevented if the detergent;cdhceﬁtratioh ﬁas_main;
tained at 0.0048%. These résults suggestyfhat fhe'template and/or |
substrate are also stabilizers'of'the polymerase aétivity and yet
neither would be a sufface active agent. Sincevhighef concentrations
bf‘&etergeht can substitute for the stabilizing ¢ffect of template and/or
substrate,‘it‘may'Be that the detergent stabilizes the.enzyme not only
by proﬁecting the RDP fram surface'inactivatioh‘but also by interacting
with the enzyme itself. o |

This detergent effect may, in fact, be a generél pheﬁomenoﬁ parti-

cularly for enzymes which are not always fully exposéd to the aqueous



v'enyironment”ofdthe cell. We have'examined the effect.of detergent on
the stability of several other enzymes | |
Three other nucleotide polymerase preparatlons were tested for
' detergent effects -- the reverse transcrlptase from AMV purlfled
through the DEAE cellulose step as described by Kac1an, et al (4),
highly pur1f1ed E. coli DNA- dependent DNA polymerase (DDP) and E
c011 DNA- dependent RNA polymerase (DRP). As expected the results

- from the AMV reverse transcrlptase are very snn11ar to those shown :

in Flgure 1. Since the purity ‘of the AMV enzyme was greater than for the.

~ RDP partlally pur1f1ed from cells, ‘the 51m11ar1ty of the results;
1nd1cated ‘that the effect of detergents is not an artlfact caused by
; the contamlnants in the ce11u1ar preparatlons of the RDP The re-
splts for the two E coli polymerases are shown 1n F1gure 3 There
is a str1k1ng 51m11ar1ty in the non- ionic detergent effects for
these two enzymes and the RDP. The only d1fference in’ the curvesv
of Flgures 1 and 3 leln.the rate of decrease of-enzyme actrvrty in
the absence of additional protein or detergentriTheseidifferencegd
arevexplainabiefin terms of the different proteinvconcentrations in
the assays -- the DDP contained only 2. 3 ng/ml the RDP 3.1 pg/ml
and the DRP 12 ug/ml

: Four enzyme systems whlch are not nucleotlde polymerases were also
examlned for the effects of a non-ionic detergent The results are
summarlzed in Figure 4. Lactate dehydrOgenase 1s_not_unstable atvlow
‘fprotein concentrations and is not affected by‘the‘detergent- Hexokinase
is a mlxed assay with more than a flve fold excess of glucose =6~ phosphate

: dehydrogenase, appears to have a much higher act1v1ty 1n the presence

of 100 tig/ml BSA and detergent can partially substltute for the BSA.




Glutamate dehydrogenase is stab111zed by 100 pg/ml BSA but not by
detergent Instead, detergent is an: 1nh1b1tor of the enzyme act1V1ty |
Deoxyrlbonuclease I is stab1112ed by 100 ug/ml BSA and by :0.01%
detergent However “in addition to stablllzlng thlS enzyme, detergent
.also 1nh1b1ts its act1v1ty These detergent effects are obv1ously R
qu1te d1fferent from the effects on the polymerases_and_also'dlffer—.v
ent for each enzyme. | R R

| These resUlts'demonstrate that there'are_no compietely_general
non-ionic detergent effects on enzymes. The shniiarity'of the results
hon the three dlfferent polymerases however, 1nd1cates that these
~enzymes have some characterlstlcs in cammon wh1ch the other enzymes o
tested do not have. It is not subun;t structure_s;nee_the;DDP is a
vsingle subunit-enzyme (5) and the DRP is a mnitisubunit enzymeb(6)
It is probably not related to the b1nd1ng of polynucleotldes since the
deoxyrlbonuclease also binds polynucleotldes It may be that the
polymerase enzymes have hydrophoblc 51tes, .8, membrane attachment -
sites, Wthh are prote"ted in aqueous solutlons by the detergents &
The soluble enzymes which prefer an aqueous env1ronment would tend to
be unaffected or 1nh1b1ted by detergents. Guidotti has recently des-
cribed work in whieh detergents'showblittle binding to soluble enzymes. .
but bind extensively to nonsolubie proteins‘(7);-Notball nonSoiuble |
enzymes would necessarlly have their activity p051t1ve1v affected by
detergents since some might require a more exten51ve hydrOphoblc
environment (8) or the spac1a1 orlentatlon prov1ded by intact membranes

_ Future work nthis 1aboratory w111 be d1rected toward separatlng

‘the»solub11121ng aspects of the detergents from other poss1b1e effects.
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* FIGURE CAPTIONS

’ggre 1. "Detergeot Effect on"RDP Aotivity Duplleate assays were
done in: 100 pl total volumes’ Wthh were 90 mM Trls HCl (pH 7. 8),
- dithiothreitol . (DTT)- '
4% glycerol 100 mM KCl 0.3 mM / 0 02 mM [~ ]dTTP (1 C/mmole),
10 pg/ml poly-rA oligo-dT and 0.1 mM‘MnCI Act1v1ty:15 measured as
the incorporation of [SH]dITP into acid 1nsolub1e mater1a1 : EaCh
assay contained 0.31 ug 3.1 ug/ml) protein from the RDP extract
For add1t10n to the assays, the RDP extract was d11uted from O lo _
to O 0033% Trlton DN-65 w1th buffer A (0 05 M Trls HCl 1 mM DTT 0.5 M
KC1 and 20% glycerol). )
( A ) Tr1ton DN -65 was added to assays to yleld a flnal
concentratlon of 0.01%. .4 | |
‘( @)  BSA was added to assays to yield’ a final BSA concen-
.tratlon of 30 pg/ml with 0. 00067% Tr1ton DN- 65
( x )“ Triton DN- 65 ‘was’ added to assays. to y1e1d a f1na1 -
| concentratlon of 0.0013%. L S
(o,ov) Two exper1ments W1th a f1na1 Tr1ton DN 65 concentratlon
o of 0. 000675 | |
(- ) 1yl 1% Triton DN- 65 added to sol1d c1rc1e assays at
60 min (arrow)

( e ') 1 ul HZO added to solid c1rc1e assays at 60 min- (arrow)

Figgre 2. Loss of Polymerase Act1v1ty at 0. 000859 Trlton X 100. Assays

were done as descrlbed in Flgure 1, and the act1v1ty is glven in pmole/hr K

‘.per ug proteln Trlton X~-100 was added to each assay to a flnal concen-

tration of 0.004%. The same enzyme extract was,used for both curves

and each 100 ul'assay\contained 0.36‘ug protein.



- Figure Captions, page 2

(o) ° loo'pz.irts”o' 006% Triton X-100 'wéfé»addéd to 49 parts
| buffer A and 1 part enzyme extract contalnlng 0 127¢'

' Tr1ton X=100. Final detergent concentratlon in the

enzyme solution was 0. 00489 | _ |

(v O‘A)> : 100 parts water were added to 49 parts buffer A and_
| .:‘,1 part enzyme extract contalnlng 0 1279 Trlton X-100.

- Final detergent concentratlon 1n the enzyme solutlon

Cwas 0.00085%. |

gure 3 Detergent Stablllzatlon of Two E. col1 Nucleotlde Polymerases

. Both DDP and DRP assays were done 1n a total volume of 100 pl Assays

o were done in dupllcate and act1V1ty was measured as 1ncorporat10n of the d“
vradloactlve nucleotide trlphosphate into acrd 1nsolub1e materlal
'DDP assays were 60 mM pota351um phosphate buffer (pH 7 4) 6 mM MgClz,
' 0.45 mM DTT 0. 03 mM dAIP 0.03 mM [3H]dTTP (0 5 C/mmole) 10 ug/ml |
poly- d(AT) duplex, 39 glycerol and 2.3 ng/ml enzyme
(o ) no additions | A

(a ) 100 ug/ml BSA

(a "')  0.01% Trlton DN-65

.‘DRP assays were 40 mM Trls-HCl (pH 7. 4) 10 mM MgCl 0 1 mM DIT, 0 llﬂﬂ

EDTA 150 mM KCl "0.15 mM each ATP, CTP and GTP 0 15 mM [SH]UTP (0 1 C/mmole),‘f

0.15 mg/ml calf thymus DNA and 12 ug/ml enzyme
( c ) mo add1t10ns
(a ) -400 ug/m.BsA
(a ) 0.008% Triton DN-65



Figure Captions, page 3 , f

 Figure 4. Detergent and Protein Effects on Activities of Four Enzymes.

Lactate Dehydrogenase (beef heart, type 11, from Sigma): One ml

assays were 25 mM Hepes (pH 7.0), 0.5 mM NADHZ, 1.0 mM
pyruvate and 2. 4 ng/ml enzyme proteln | v

Hexoklnase (yeast type III, from Slgma) One ml assays were 10 mM
Hepes (pH 8.0), 0.5 mM NADP, 10 ™ MgClz, 1.5 mM ATP
1.5 mM glucose, 2.5 pg/ml glucose -6- phosphate dehydro-‘
genase, and 2 ug/ml hexokinase.

Glutamate Dehydrogenase (bovine liver, type' II, from Sigma): One

4C1 at

ml aSsays were 12.5 mM A-ke'togIUtarate 'an&-“lz .5 mM NH
pH 7.0, 0.5 mM NADH and 1 pug/ml enzyme protem
» Deoxyrlbonuclease (bovme pancrease, type % from Worthlngton)

Orie ml assays were. 25 mM Hepes (pH 7. 0) : 6 mM MgC1 4 mM

2’

KCl 0.06 mg/ml calf thymus DNA and 2 ng/ml enzyme proteln

(o ) no addltlons
(a) _10.01,% Triton DN-65

( @ ) 100 ug/ml BSA

1
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