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CLR01 fibril breakup

Upper panel: Electron

microscopy reveals that

buffer has no effect on

SEVI fibrils (left),

whereas CLR01

disrupts fibrils (right).

Scale bars, 500nm.

Lower panel: Atomic

force microscopy

reveals that buffer has

no effect on the HIV

virion (left), whereas

CLR01 destroys it

(right). Scale bars,

100nm. 
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News Release

PHILADELPHIA – There may be two new ways to fight AIDS -- using a heat shock protein or a small molecule – to

attack fibrils in semen associated with the human immunodeficiency virus (HIV) during the initial phases of

infection, according to new research from the Perelman School of Medicine at the University of

Pennsylvania. HIV is most commonly transmitted between individuals in semen, the male reproductive fluid, which

contains deposits of protein fragments called amyloid fibrils. These fibrils can increase the transmission of HIV by

helping the virus attach to the membrane surrounding human cells. The scientists surmise that therapies that

reduce the levels of amyloid fibrils in semen might be able to reduce the transmission of HIV.

Senior author James Shorter, PhD, an associate professor of Biochemistry and

Biophysics, notes the first paper, published in Chemistry & Biology earlier this

month, describes how the investigators repurposed a yeast heat shock protein

called Hsp104 to attack amyloid fibrils. First, Hsp104 and an enhanced engineered

variant directly remodeled fibrils into non-amyloid forms. They also made inactive

Hsp104 scaffolds that reorganized fibrils into larger, innocuous assemblies. And

finally, they modified Hsp104 to interact with a chambered enzyme to irreversibly

degrade fibrils from semen.

“Each strategy diminished the ability of amyloid to promote HIV infection, so this

approach has potential as a therapeutic,” Shorter said. The work was a team effort

driven by lead author Laura Castellano, PhD, who obtained her doctoral degree in

the Shorter lab, and coauthor Drew Weissman, MD, PhD, a professor of Medicine

in the division of Infectious Diseases.

Another paper, published today in the journal eLife, by Shorter, Castellano and

their collaborators at Ulm University Medical Center, Germany, including Jan Münch

and Edina Lump, describes a second approach – a small molecule that also

disrupts amyloids in semen that promote HIV infection. However, this molecule,

called CLR01, also attacks the virus itself.

Tweezers-shaped CLR01 can both disrupt fibril formation and disassemble fibrils

that have already formed. CLR01 prevents HIV particles from interacting with fibrils

by disrupting the membranes that surround the virus particles and can displace the
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virus particles that have already bound to the fibrils. In the presence of CLR01,

human cells exposed to semen that contained HIV were at least 100-fold less likely

to become infected with the virus.

CLR01 was also effective at directly disrupting other enveloped viruses, including

hepatitis C virus, human cytomegalovirus, and herpes simplex virus, but was

ineffective against the non-enveloped human adenovirus type 5. CLR01 may also

be effective against many other enveloped viruses including flu and Ebola.

Amyloid fibrils formed by different proteins in the brain are associated with

neurodegenerative disorders, such as Parkinson’s disease, and CLR01 could also

be useful for these disorders, say the authors. The Breakthrough Treatment for

Degenerative Diseases is a collaborative, international team pursuing CLR01 for

these disorders.

“CLR01 has considerable potential to be used as a therapy for reducing the

transmission of HIV and other sexually transmitted viral diseases,” said Shorter.

“Remarkably, CLR01 does not affect cell membranes, which suggests it could be safely incorporated into a

vaginal or anal gel to prevent HIV infection – without the risk of side effects.”

The next step could be to assess safety and efficacy in non-human primates. “We think that CLR01 could be more

effective than other microbicides that are in development because of its dual action, its safety in terms of side

effects and its potential broad application,” Shorter said.

The eLife work was supported in part by an NSF Graduate Research Fellowship (DGE-0822), an NIH Director’s

New Innovator Award (1DP2OD002177-01), a Bill and Melinda Gates Foundation Grand Challenges Explorations

Award, the National Institute of Allergy and Infectious Diseases (R21HD074510), and an HHMI grant to

Swarthmore College to support Rebecca Hammond, an undergraduate co-author in Shorter’s lab. 

Other coauthors on the Chemistry & Biology paper are Stephen M. Bart and Veronica M. Holmes, both from Penn.

Other coauthors on the eLifepaper are Christoph Meier, Janine Seeliger, Nelli Erwin, Benjamin Sperlich, Christina

M Sturzel, Shariq Usmani, Rebecca M Hammond, Jens von Einem, Gisa Gerold, Florian Kreppel, Kenny Bravo-

Rodriguez, Thomas Pietschmann, Veronica M Holmes, David Palesch, Onofrio Zirafi, Drew Weissman, Andrea

Sowislok, Burkhard Wettig, Christian Heid, Frank Kirchhoff, Tanja Weil, Frank-Gerrit Klarner, Thomas Schrader,

Gal Bitan, Elsa Sanchez-Garcia, and Roland Winter.

Reference: The paper ‘A molecular tweezer antagonizes seminal amyloids and HIV infection’ can be freely

accessed online at http://dx.doi.org/10.7554/eLife.05397 Contents, including text, figures, and data, are free to re -

use under a CC BY 4.0 license.
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and Ruth Perelman School of Medicine at the University of Pennsylvania (founded in 1765 as the nation's first

medical school) and the University of Pennsylvania Health System, which together form a $4.3 billion enterprise.

The Perelman School of Medicine has been ranked among the top five medical schools in the United States for

the past 17 years, according to U.S. News & World Report's survey of research-oriented medical schools. The

School is consistently among the nation's top recipients of funding from the National Institutes of Health, with $392

million awarded in the 2013 fiscal year.

http://www.med.upenn.edu/
http://www.pennmedicine.org/
http://btdd.org/
http://dx.doi.org/10.7554/eLife.05397
http://www.med.upenn.edu/
http://www.pennmedicine.org/


2018/11/24 Targeting HIV in Semen to Shut Down AIDS – PR News

https://www.pennmedicine.org/news/news-releases/2015/august/targeting-hiv-in-semen-to-shut 3/5

Penn Medicine is one of the world’s leading academic medical centers, dedicated to the related missions of medical
education, biomedical research, and excellence in patient care. Penn Medicine consists of the Raymond and Ruth Perelman
School of Medicine at the University of Pennsylvania (founded in 1765 as the nation's first medical school) and the
University of Pennsylvania Health System, which together form a $7.8 billion enterprise.

The Perelman School of Medicine has been ranked among the top medical schools in the United States for more than 20
years, according to U.S. News & World Report’s survey of research-oriented medical schools. The School is consistently
among the nation’s top recipients of funding from the National Institutes of Health, with $405 million awarded in the 2017
fiscal year.

The University of Pennsylvania Health System’s patient care facilities include: The Hospital of the University of Pennsylvania
and Penn Presbyterian Medical Center — which are recognized as one of the nation’s top “Honor Roll” hospitals by U.S.
News & World Report — Chester County Hospital; Lancaster General Health; Penn Medicine Princeton Health; Penn
Wissahickon Hospice; and Pennsylvania Hospital – the nation’s first hospital, founded in 1751. Additional affiliated inpatient
care facilities and services throughout the Philadelphia region include Good Shepherd Penn Partners, a partnership between
Good Shepherd Rehabilitation Network  and Penn Medicine, and Princeton House Behavioral Health, a leading provider of
highly sk illed and compassionate behavioral healthcare.

Penn Medicine is committed to improving lives and health through a variety of community-based programs and activities. In
fiscal year 2017, Penn Medicine provided $500 million to benefit our community.

The University of Pennsylvania Health System's patient care facilities include: The Hospital of the University of

Pennsylvania -- recognized as one of the nation's top "Honor Roll" hospitals by U.S. News & World Report; Penn

Presbyterian Medical Center; Chester County Hospital; Lancaster General Health; Penn Wissahickon Hospice;

and Pennsylvania Hospital -- the nation's first hospital, founded in 1751. Additional affiliated inpatient care

facilities and services throughout the Philadelphia region include Chestnut Hill Hospital and Good Shepherd Penn

Partners, a partnership between Good Shepherd Rehabilitation Network and Penn Medicine.

Penn Medicine is committed to improving lives and health through a variety of community-based programs and

activities. In fiscal year 2013, Penn Medicine provided $814 million to benefit our community.
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