
Being (re)productive 
as a physician scientist 

Martin M. Matzuk, MD, PhD

DEC-Tec

Aim 1: Apply CRISPR/Cas9 to 
mechanistically discern the key reproductive 
tract-specific proteins and their pathways 
required for spermatogenesis, sperm 
function, and/or fertilization. 

Aim 2: Use DEC-Tec to identify 
small-molecule probes and 
preclinical candidates to target 
druggable proteins essential for 
spermatogenesis, sperm function, 
and/or fertilization.

Aim 3: Evaluate in vitro efficacy and in vivo contraceptive effects of 
drug-like inhibitors.

CRISPR/
Cas9



Path to Houston

Houston Arrival
April 28, 1991



Male Infertility and Contraception
Spermatogenesis is an amazing biological process
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Matzuk & Lamb
Nature Medicine

(2008)

Male Introduction
v ~4% of genes expressed in 
male germ cells (Schultz, Hamra, 
and Garbers, PNAS 2003)

v Mutations in >1000 genes 
could cause infertility in men

v 100’s of candidate germ cell-
specific targets for novel 
contraceptives for men (i.e.,
where KOs have a phenotype 
of infertility)



Our first collaborative paper that includes 
CRISPR/Cas9

(PNAS July 12, 2016) 



Strategy to characterize these mice

Fertile

Halt analysis; publish results

Create mutants with CRISPR/Cas9    
Fertility Defect

Define defect(Aim 1)

A. Use CRISPR/Cas9 to insert tags into alleles for in vivo protein localization
B. Generate antibodies if necessary

C. Perform proteomics from pull down using tagged proteins 
D. Perform additional in vitro and in vivo functional studies

Define molecular mechanism 
of action and signaling pathway

(Aim 2)

Complete analysis; publish findings

Sterile mutants
(Contraceptive targets)

A. Generate recombinant proteins
B. Perform drug screen



v 1 million U.S. teenagers get pregnant yearly, 50% end in 
abortion, and the costs to US taxpayers is ~$10 billion per year

v There are still no oral contraceptives for men

Contraception

Our population continues to grow…
7.7 billion in the world today 

(Net gain of one person every 16 seconds)

INSIGHTS   |   PERSPECTIVES

sciencemag.org  SCIENCE
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ysis using in vitro fertilization, Miyata et al. 

discovered that these rigid sperm were un-

able to penetrate the zona pellucida (a gly-

coprotein layer surrounding oocytes). The 

infertility defect could be suppressed if the 

zona pellucida was removed. The offspring 

generated from this in vitro fertilization 

procedure had no abnormalities, which 

suggests that the sperm-specific calcineu-

rin is not needed for normal development. 

In the next set of experiments, Miyata 

et al. used FK506 and cyclosporine A to 

pinpoint when functional calcineurin 

was needed in sperm development. When 

isolated sperm were exposed to these in-

hibitors in vitro, sperm flexibility and fer-

tilization rates were unaffected. However, 

when male mice were subcutaneously in-

jected with these inhibitors, rigid sperm 

appeared as early as 4 days after adminis-

tration. In normal sperm production, the 

final maturation steps (which span 10 days 

in the mouse) occur in the epididymis of 

the male reproductive tract. The appear-

ance of rigid sperm after 4 days suggests 

that calcineurin function is needed dur-

ing these final maturation steps. The most 

exciting finding from a human health per-

spective is that sperm flexibility and fertil-

ization rates recovered completely within 7 

days of cessation of administration of these 

drugs. The rapid inhibition of male fertility 

and its reversibility identify the sperm-spe-

cific calcineurin complex as a tantalizing 

male contraceptive target

Although the study of Miyata et al. has 

global implications in identifying the pos-

sibility of generating a male contraceptive 

pill by targeting sperm-specific calcineurin, 

several important considerations remain. 

One major issue is the similarities between 

the testis-specific calcineurin and the cal-

cineurins present in other cell types. An 

effective and safe male contraceptive pill 

will need to target only testis-specific cal-

cineurin, as global inhibitors of this com-

plex have (undesirable) effects elsewhere in 

the body. Another consideration is public 

attitudes regarding gender-specific stereo-

types toward a “male pill.” Men worldwide, 

especially those in long-term relationships, 

may be more accepting of taking a pill that 

renders them only temporarily “infertile” 

(i.e., if the potential of rapid reversibility 

can be demonstrated, as in Miyata et al.), 

and there are also economic benefits of 

family planning that does not rely only 

on the woman to be solely responsible for 

contraception

Uncontrolled fertility has been identified 

as a pressing public health issue facing this 

and future generations worldwide (9). For 

the previous 50 years, contraceptive pills 

have only been available to half the popula-

tion (women). While a male “pill” is many 

years away, the study of Miyata et al. lays the 

groundwork for research into the production 

of new small-molecule contraceptives.        ■
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Billions and billions
The global population growth by decade since 1950
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SYSTEMS BIOLOGY

Systems 
biology 
(un)certainties
How can modelers restore 

confi dence in systems and 

computational biology? 

By  P. D. W. Kirk,1* A. C. Babtie,2*

M. P. H. Stumpf 2*

S
ystems biology, some have claimed 

(1), attempts the impossible and 

is doomed to fail. Possible defini-

tions abound, but systems biology is 

widely understood to be an approach 

for studying the behavior of systems 

of interacting biological components that 

combines experiments with computational 

and mathematical reasoning. Modeling 

complex systems occurs throughout the 

sciences, so it may not be immediately clear 

why it should attract greater skepticism in 

molecular and cell biology than in other 

scientific disciplines. The way in which 

biological models are often presented and 

interpreted (and overinterpreted) may 

be partly to blame. As with experimental 

results, the key to successfully reporting 

a mathematical model is to provide an 

honest appraisal and representation of 

uncertainty in the model’s predictions, pa-

rameters, and (where appropriate) in the 

structure of the model itself. 

Deriving mathematical models in biol-

ogy is rarely straightforward. Although 

biology is, of course, subject to the same 

fundamental physical laws—for example, 

conservation of mass, energy, and momen-

tum—as the other sciences, these laws of-

ten do not provide a good starting point for 

understanding how biological organisms 

and systems work. Biological modeling is 

an example of the so-called inverse prob-

lem (1), and instead emphasizes context-

specific levels of abstraction and relies 

upon experimental observations to decide 

if a particular model is useful.

Typically, not all terms or parameters in 

a biological model are known or observ-

able directly, and—except for some highly 

specific systems—the abundances of all the 

key players (molecules, cells, or individu-

als) cannot be measured simultaneously 

and continuously. Thus, despite being of-

ten overlooked, the challenge is not only 
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Mission: To develop small molecule probes, 
preclinical candidates, and drugs for 

researchers and clinicians in Texas and beyond.

Center for Drug Discovery (CDD) 
https://www.bcm.edu/research/centers/drug-discovery 



Creating unique compound collections for screening

HTS collections 
often yield this… Effective drug discovery requires this…



DNA-Encoded Chemistry Technology (DEC-Tec)

Drug-like
molecule DNA “barcode”

• Synthesize millions of drug-like molecules via 
combinatorial chemistry

• Unique DNA “barcodes” enable screens of complex 
mixtures 

• Screen pooled compounds for binding affinity, and then 
sequence DNA

• Enables wider, cheaper screens than High-Throughput 
Screening (HTS)



The DEC-Tec Process



DNA-Encoded Chemistry Technology (DEC-Tec)
v Billions of small molecules are screened simultaneously 

against drug target protein

v Like finding a drug-like 
needle in a billion 
compound haystack

Clark et al. 2009



CDD@BCM’s contributions to DEC-Tec



On-DNA Chemistry Development

Du et al. Org. Lett. 2019, 21, 7, 2194.
Nitro Reduction 

Hydroxycarbonylation
Li et al. Bioconjugate Chem. 2019, 30, 8, 2209.

Suzuki-Miyaura
Li et al. Bioconjugate Chem. 2018, 29, 11, 3841.

Oxadiazoles
Du et al. Bioconjugate Chem. 2019, 30, 5, 1304.

Benzimidazoles
Du et al. Bioconjugate Chem. 2017, 28, 10, 2575.

RCM
Monty et al. ACS Comb. Sci. 2020 Online C-N Coupling

Chen et al. In Review



>40 DEC-Tec libraries and >4 billion
unique compounds synthesized

• Libraries may be screened as a pool and at 
scales for thousands of screens

• Diverse library structures
• Many have produced assay validated hits
• Designed with SAR in mind
• Many libraries utilize internally developed 

BCM chemical conditions 
• CDD has a team of geneticists, biologists, 

cheminformaticians, chemists, and 
crystallographers for validation, DEC-Tec 
screens, and further workup of small 
molecule hits and leads.



NRI centrally located on the TMC Campus: 
Suite for NMRs & CDD home

vBruker 600MHz and 800MHz 
NMRs for drug discovery, 
structural biology, and 
metabolomics (2nd floor of NRI)

v6th floor of NRI developed for the 
Center for Drug Discovery



Our CDD Team…a multidisciplinary group of 
students, postdocs, staff scientists, and faculty  



10 Points of Advice for 
Trainees (and New Faculty)



Points 1-3 – Work Ethic
v Work hard at the bench – you cannot get lucky during 
your PhD or post-doc or faculty years if you do not perform 
experiments and work hard

(Do not let emails, texts, and internet surfing control your 
life and prevent you from your goals) 

v Work a few hours on Saturday and Sunday when it is 
quiet, and there are fewer distractions (fewer emails, 
phone calls, etc. – this will allow you to complete studies 
from Friday and start or think about studies for Monday

v Bring your work to completion (i.e., a paper)



Points 4, 5, and 6 –
Risk, Creativity, and Perseverance

v Take risks and think outside the box

v Find your niche – you do not have to do the same 
thing as everyone else – Novelty helps get your paper 
published in a top tier journal

v Not all papers and grants get accepted/funded on the 
first or second try 



Message to trainees
“Your time is limited, so don’t 
waste it living someone else’s 
life.”

“Don’t let the noise of others’
opinions drown out your own 
inner voice.”

“And most important, have 
the courage to follow your 
heart and intuition.”

In 1994, I submitted an NIH grant to generate a knockout of GDF9. 
One critique said “There is no known function of GDF9. Why do a KO?”
In 1995, we resubmitted the NIH grant showing that GDF9 KO mice were infertile, 
and the grant is funded through the present and received a MERIT award in 2001. 
Our GDF9 KO paper in Nature in 1996 is my most cited work.



達磨 daruma – Perseverance and Great Luck!



Point 7 - Collaborate

v Seek out experts with whom to collaborate



I Have Been Lucky to Publish with Great Colleagues and 
Trainees…

Raj Kumar          36
Kathy Burns        29
Stephanie Pangas 21
Wei Yan            17
Qinglei Li         16
Aleks Rajkovic 13
Shannon Hawkins    11

Franco DeMayo 16
John Eppig 15
Chad Creighton      9
Dorrie Lamb         7



Point 8 - Mentorship

v Stay in touch with your mentors and do not burn 
bridges – your mentors can still give you advice and 
help you at all stages of your career (including writing 
LOR)



and Excellence in Mentoring

Dr. Irving Boime



Point 9 – EXERCISE

v Exercise – your quality of life will be better and you can 
keep up with (and sometimes out swim!) your children  



Mark Edson 
Former MSTP student

Exercise
Ryan Matzuk

SSR 5K - 2011 PORTLAND



Points 10 – Play hard and have fun

v Play hard – forget about your work for awhile and 
clear your head for a little while  

v Do something with family or friends every day – it is 
easy to become consumed with your work



My Trainees LOVE All-You-Can-Eat Buffets



Travels since arriving in Houston
>170 symposia in 27 countries 


