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Abstract

Many viruses employ ATP-powered motors during assembly to translocate DNA into
procapsid shells. Previous reports raise the question if motor function is modulated by
substrate DNA sequence: (i) the phage T4 motor exhibits large translocation rate
fluctuations and pauses and slips; (ii) evidence suggests that the phage phi29 motor
contacts DNA bases during translocation; and (iii) one theoretical model, the 'B-A
scrunchworm’, predicts that 'A-philic' sequences that transition more easily to A-form
would alter motor function. Here, we use single-molecule optical tweezers
measurements to compare translocation of phage, plasmid, and synthetic A-philic, GC
rich sequences by the T4 motor. We observed no significant differences in motor
velocities, even with A-philic sequences predicted to show higher translocation rate at
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high applied force. We also observed no significant changes in motor pausing and only
modest changes in slipping. To more generally test for sequence dependence, we
conducted correlation analyses across pairs of packaging events. No significant
correlations in packaging rate, pausing or slipping versus sequence position were
detected across repeated measurements with several different DNA sequences. These
studies suggest that viral genome packaging is insensitive to DNA sequence and
fluctuations in packaging motor velocity, pausing and slipping are primarily stochastic
temporal events.

© The Author(s) 2020. Published by Oxford University Press on behalf of Nucleic Acids
Research.

Figures

b

Figure 1.

Schematic illustration of the single...

Figure 2.

Schematic illustration of the DNA...

& ]

Figure 3.

Measurements of length of DNA...


https://www.ncbi.nlm.nih.gov/pmc/articles/instance/7672480/bin/gkaa875fig1.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/7672480/bin/gkaa875fig2.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/7672480/bin/gkaa875fig3.jpg

| III
[

Figure 4.

(A) Average motor...

Figure 5.

(A) Examples of...

s (111
Aunnn ik
Figure 6.

Correlation analyses. (A)...

Similar articles

e Single phage T4 DNA packaging motors exhibit large force generation, high
velocity, and dynamic variability.

Fuller DN, Raymer DM, Kottadiel VI, Rao VB, Smith DE.Proc Natl Acad Sci U S A.
2007 Oct 23;104(43):16868-73. doi: 10.1073/pnas.0704008104. Epub 2007 Oct
17.PMID: 17942694 Free PMC article.

e Single-Molecule Measurements of Motor-Driven Viral DNA Packaging in
Bacteriophages Phi29, Lambda, and T4 with Optical Tweezers.

Keller N, delToro DJ, Smith DE.Methods Mol Biol. 2018;1805:393-422. doi:
10.1007/978-1-4939-8556-2_20.PMID: 29971729


https://pubmed.ncbi.nlm.nih.gov/17942694/
https://pubmed.ncbi.nlm.nih.gov/17942694/
https://pubmed.ncbi.nlm.nih.gov/29971729/
https://pubmed.ncbi.nlm.nih.gov/29971729/
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/7672480/bin/gkaa875fig4.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/7672480/bin/gkaa875fig5.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/7672480/bin/gkaa875fig6.jpg

The dynamic pause-unpackaging state, an off-translocation recovery state of a
DNA packaging motor from bacteriophage T4.

Kottadiel VI, Rao VB, Chemla YR.Proc Natl Acad Sci U S A. 2012 Dec
4;109(49):20000-5. doi: 10.1073/pnas.1209214109. Epub 2012 Nov
19.PMID: 23169641 Free PMC article.

0Old, new, and widely true: The bacteriophage T4 DNA packaging mechanism.

Black LW.Virology. 2015 May;479-480:650-6. doi: 10.1016/j.virol.2015.01.015.
Epub 2015 Feb 27.PMID: 25728298 Free PMC article. Review.

Structure, assembly, and DNA packaging of the bacteriophage T4 head.
Black LW, Rao VB.Adv Virus Res. 2012;82:119-53. doi: 10.1016/B978-0-12-394621-
8.00018-2.PMID: 22420853 Free PMC article. Review.

See all similar articles

Cited by 1 article

Determining Trap Compliances, Microsphere Size Variations, and Response
Linearities in Single DNA Molecule Elasticity Measurements with Optical
Tweezers.

Mo Y, Fizari M, Koharchik K, Smith DE.Front Mol Biosci. 2021 Mar 22;8:605102.
doi: 10.3389/fmolb.2021.605102. eCollection 2021.PMID: 33829038 Free PMC
article.

References

1.
1.

Rao V.B., Feiss M.. Mechanisms of DNA packaging by large double-stranded DNA
viruses. Ann. Rev. Virol. 2015; 2:351-378. - PMC - PubMed

Casjens S.R. The DNA-packaging nanomotor of tailed bacteriophages. Nat. Rev.
Microbiol. 2011; 9:647-657. - PubMed

Feiss M., Rao V.B.. Rao V., Rossman M.G.. Viral Molecular Machines. 2012; NY:
Springer; 489-509.

Smith D.E., Tans S.J., Smith S.B., Grimes S., Anderson D.L., Bustamante C.. The
bacteriophage phi29 portal motor can package DNA against a large internal
force. Nature. 2001; 413:748-752. - PubMed


https://pubmed.ncbi.nlm.nih.gov/23169641/
https://pubmed.ncbi.nlm.nih.gov/23169641/
https://pubmed.ncbi.nlm.nih.gov/25728298/
https://pubmed.ncbi.nlm.nih.gov/22420853/
https://pubmed.ncbi.nlm.nih.gov/33829038/
https://pubmed.ncbi.nlm.nih.gov/33829038/
https://pubmed.ncbi.nlm.nih.gov/33829038/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4785836/
https://pubmed.ncbi.nlm.nih.gov/26958920/
https://pubmed.ncbi.nlm.nih.gov/21836625/
https://pubmed.ncbi.nlm.nih.gov/11607035/

5.

1. Fuller D.N., Raymer D.M., Rickgauer J.P., Robertson R.M., Catalano C.E., Anderson
D.L., Grimes S., Smith D.E.. Measurements of single DNA molecule packaging
dynamics in bacteriophage lambda reveal high forces, high motor processivity,
and capsid transformations. J. Mol. Biol. 2007; 373:1113-1122. - PMC - PubMed

Show all 83 references

Publication types

Research Support, N.I.H., Extramural

Research Support, U.S. Gov't, Non-P.H.S.

MeSH terms

Bacteriophage T4 / genetics*

Bacteriophage T4 / physiology*

Base Sequence

DNA, Viral / chemistry*

DNA, Viral / metabolism


http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3311920/
https://pubmed.ncbi.nlm.nih.gov/17919653/

Genome, Viral

Optical Tweezers

Viral Genome Packaging*

Substances

DNA, Viral

Related information

e MedGen
Grant support

ROT AlI0O11219/AI/NIAID NIH HHS/United States
R56 Al081726/AI/NIAID NIH HHS/United States

RO1 GM088186/GM/NIGMS NIH HHS/United States
RO1 GM118817/GM/NIGMS NIH HHS/United States
U01 AI082086/AI/NIAID NIH HHS/United States
Show all 6 grants

LinkOut - more resources

e Full Text Sources

o Europe PubMed Central

o PubMed Central

o Silverchair Information Systems
« Miscellaneous



https://www.ncbi.nlm.nih.gov/medgen/?linkname=pubmed_medgen&from_uid=33119757
https://pubmed.ncbi.nlm.nih.gov/?term=R01+AI011219%2FAI%2FNIAID+NIH+HHS%2FUnited+States%5BGrant+Number%5D
https://pubmed.ncbi.nlm.nih.gov/?term=R56+AI081726%2FAI%2FNIAID+NIH+HHS%2FUnited+States%5BGrant+Number%5D
https://pubmed.ncbi.nlm.nih.gov/?term=R01+GM088186%2FGM%2FNIGMS+NIH+HHS%2FUnited+States%5BGrant+Number%5D
https://pubmed.ncbi.nlm.nih.gov/?term=R01+GM118817%2FGM%2FNIGMS+NIH+HHS%2FUnited+States%5BGrant+Number%5D
https://pubmed.ncbi.nlm.nih.gov/?term=U01+AI082086%2FAI%2FNIAID+NIH+HHS%2FUnited+States%5BGrant+Number%5D
http://europepmc.org/abstract/MED/33119757
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/33119757/
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkaa875

o NCI CPTAC Assay Portal
OXFORD

ACADEMIC

NLM j

NCBI Literature Resources

MeSH PMC Bookshelf Disclaimer

FOLLOW NCBI

Follow NLM

National Library of Medicine
8600 Rockville Pike
Bethesda, MD 20894

Copyright
FOIA

Privacy


https://assays.cancer.gov/non-CPTAC-3321
https://www.ncbi.nlm.nih.gov/mesh/
https://www.ncbi.nlm.nih.gov/pmc/
https://www.ncbi.nlm.nih.gov/books
https://pubmed.ncbi.nlm.nih.gov/disclaimer/
https://www.nlm.nih.gov/socialmedia/index.html
https://www.google.com/maps/place/8600+Rockville+Pike,+Bethesda,+MD+20894/@38.9959508,-77.101021,17z/data=!3m1!4b1!4m5!3m4!1s0x89b7c95e25765ddb:0x19156f88b27635b8!8m2!3d38.9959508!4d-77.0988323
https://www.google.com/maps/place/8600+Rockville+Pike,+Bethesda,+MD+20894/@38.9959508,-77.101021,17z/data=!3m1!4b1!4m5!3m4!1s0x89b7c95e25765ddb:0x19156f88b27635b8!8m2!3d38.9959508!4d-77.0988323
https://www.nlm.nih.gov/copyright.html
https://www.nih.gov/institutes-nih/nih-office-director/office-communications-public-liaison/freedom-information-act-office
https://www.nlm.nih.gov/privacy.html
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkaa875

Help

Accessibility
Careers

pd
<

L
IH
HS

USA.gov

pd

T


https://support.nlm.nih.gov/
https://www.nlm.nih.gov/accessibility.html
https://www.nlm.nih.gov/careers/careers.html
https://www.nlm.nih.gov/
https://www.nih.gov/
https://www.hhs.gov/
https://www.usa.gov/

