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Profile of Alexander S. Raikhel

M
osquitoes rely on blood for
nutrition, putting them in
position to transmit some of
the world’s deadliest diseases,

like malaria and Dengue fever. Alexander
S. Raikhel, elected to the National
Academy of Sciences in 2009, believes that
preventing the mosquito from carrying the
pathogen in the first place is the key to
vector control. Raikhel has been studying
the connection between blood meals and
egg production in Aedes aegypti in hopes
of co-opting egg production signals to ac-
tivate the mosquito’s immune system
against incoming pathogens. In his In-
augural Article, Raikhel, a distinguished
professor at the University of California,
Riverside continues an investigative strat-
egy that has served him well throughout
his career: using the latest research in es-
tablished model organisms to hammer
out methods for the mosquito, this time
looking for microRNAs active in the egg
production cycle (1).

Tropic of Siberia
Growing up in Siberia, Raikhel’s exposure
to science outside the former Soviet Un-
ion came through the printed page. “My
development was through reading books,”
he said, recalling how he had felt drawn
through the pages as if he had accompa-
nied Darwin on the voyages of the HMS
Beagle. By age 8 years, he says, “I was
really keen on being a scientist.” By the
time he entered fourth grade, he knew he
would go to university to study biology.
His parents were both in the medical field,
his father a surgeon and his mother a sur-
gical nurse, and Raikhel’s father encour-
aged his son’s interest in biology if only,
Raikhel says, because he did not want him
to pursue his other area of interest: art. In
addition to his early convictions, Raikhel
had strong notions about what scientists
looked like, to the extent that he begged
his parents for eyeglasses and faked his
eye examination to get them. “I wanted
glasses so badly to be a scientist.”
In1965,RaikhelappliedtoSt.Petersburg

(formerly Leningrad) State University,
one of Russia’s oldest and most highly re-
spected schools. However, being Jewish
meant that quotas existed for admission,
and he was not accepted. Undeterred,
Raikhel took evening courses and worked
in the Leningrad Zoo as part of the clean-
ing crew—a hard awakening for a teenager
not accustomed to harsh life. Despite these
odds, he emerged from the university’s ex-
tended program in 1970 with a master’s
degree in zoology and parasitology, having
investigated the reproduction and develop-
mental stages of the trematode in an effort
to interrupt the worm’s lifecycle and pre-

vent disease (2). Raikhel intended to go
directly into a doctoral program, but again,
he met quota obstacles and was forced
to wait several years. During that time,
Raikhel worked as a technician in the
laboratory of renowned acarologist
Yu. S. Balashov at the Zoological Institute
of the Russian Academy of Sciences.
Finally, in 1973, Raikhel matriculated,
choosing to stay in Balashov’s laboratory
for his thesis and study another parasite:
this time, the tick Hyalomma asiaticum.
He defended his doctorate degree in 1975,
having published 11 papers and two book
chapters from his thesis research.
While using electron microscopy to

study the tick’s development during the
often week-long feed that swelled the
parasite to the size of an acorn, Raikhel
says, “I developed a fascination for blood-
feeding organisms” (3–5). Siberia is not
exactly a nexusof tropical parasitic diseases,
but he recalls, “I was traveling in my imag-
ination to the tropical areas, far away from
cold Siberia, to appreciate the importance
of research on parasitic organisms, causing
much human suffering.” Soon, he and his
wife, whom he met at the University, were
looking for a warmer climate to raise their
children. However, leaving proved daunt-
ing. “We had no idea what was behind the
iron curtain,” he explained. “Not having
much exposure to the larger scientific com-
munity, we were untested in our scientific
credentials,” he says. Raikhel recounts that
University of Georgia professor Jerry Paulin
had taken a sabbatical at the Institute of
Cytology in St. Petersburg, where Raikhel’s
wife Natasha worked, and later provided
the couple assistance in securing positions at
his home institution in the United States.

Lifetime Relationship
Arriving in Athens, Georgia, in 1979,
Raikhel began a postdoctoral research
position with Arden O. Lea, who studied
mosquitoes. “He was famous for intricate

microsurgery,” Raikhel says, recalling
Lea’s ability to remove brain cells from the
tiny insect. “This was where I switched to
mosquitoes,” he says, a move that would
drive vector biology research throughout
his professional career. Soon, Raikhel re-
alized that his unique training had pre-
pared him to approach the research with
a different perspective, one that he has
nurtured and maintained even after
30 years in the United States. “I trained
myself to look at biological dynamics,” he
says. Raikhel credits Michael Locke, a re-
markable insect cell biologist, whose
publications influenced his early develop-
ment as a scientist and encouraged Raikhel
to consider the fascinating changes in or-
ganisms as they develop from larvae to
adults. Finally, secure in the knowledge that
his training behind the Iron Curtain had
engendered a different way of viewing cur-
rent questions in his field, he says, “I opened
a new book and started to investigate.”
When Raikhel began to characterize

mosquito proteins and receptors impor-
tant in egg production, such as a yolk
protein precursor called vitellogenin, it
was the early 1980s. Although the appli-
cation of biochemical and molecular bi-
ological techniques for mosquitoes proved
extremely challenging, Raikhel has never
been one to give up easily. He again used
electron microscopy to achieve his goals
and later acquired National Institutes of
Health funding to use biochemical meth-
ods of investigating vitellogenin biosynthe-
sis. The work localized vitellogenin to an
organ in the mosquito called the fat body,
which metabolizes lipids in a manner
reminiscent of the mammalian liver.
Raikhel began to probe deeper into this
secretory protein by adapting monoclo-
nal antibody technology (6, 7). He found
himself off to what he calls “quite a suc-
cessful beginning” with Ae. aegypti, the
primary mosquito carrier of Dengue fever.
Raikhel has continued to use Ae. aegypti

in his research. “We call it the white rat of
vector biology,” Raikhel says, citing the
ease of the experimental model’s use. Ae.
aegypti is native to the desert, and the eggs
can be stored for at least 1 year without
much fuss, he explains. “You can store
them like seeds of Arabidopsis,” bringing
some of the convenience of plant bio-
logy’s amenable model organism to a less-
developed system. At any given time, there
are thousands of mosquitoes housed in
containers in Raikhel’s lab, taking their
meals from rats, chicks, or mice.

Alexander S. Raikhel.

This is a Profile of a recently elected member of the Na-
tional Academy of Sciences to accompany the member’s
Inaugural Article on page 22391.
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In 1986, Raikhel joined Michigan State
University’s Department of Entomology
as an associate professor. There, he con-
tinued to identify and characterize the
ligands and receptors important for egg
production in the mosquito. “We did a lot
of biochemistry, whichwas quite thorough.”
Having investigated the structure and syn-
thesis of vitellogenin, Raikhel wanted to
know how the protein travels from the fat
body to the oocyte, where it eventually gets
broken down into protein for the larva (8, 9).
The work included isolating and cloning
the first insect vitellogenin receptor (VgR)
without anymodern genomics tools (10, 11).
“Biochemical isolation and cloning were
very laborious at the time.” To start, there
was the question of rawmaterials. “For each
receptor binding reaction, we needed 2,000
mosquito ovaries,” he says, explaining that
they became proficient at harvesting the
minute structures, barely the size of a pin-
head. “We had a factory.” They found that
VgR belongs to the family of low-density
lipoproteins (LDL) best known for the
cholesterol-carrying human LDL receptor
(11). That pioneering research opened
the door for exploration of receptors
involved in egg maturation in insects,
says Raikhel.

Transmission and Control
Mosquitoes acquire and transmit parasites
during blood meals, and Raikhel says that
the role of feeding in development may
hold important clues for determining
how transmission might be prevented.
Two hormones—juvenile hormone and
ecdysone—control egg production and in
turn, synthesis of vitellogenin inmosquitoes.
Looking upstream, Raikhel wanted to de-
cipher how blood meals translate, molecu-
larly speaking, into egg development.
Vitellogenin production peaks at 24 hours
postbloodmeal and shuts off 6–8 hours later
(12). Studying how ecdysone initiates this
cascade over the course of his career, Raikhel
has used ever-evolving biological techni-
ques: cell biology to biochemical methods
followed by the tools of molecular biology
and now, genomics and bioinformatics. “In
the pregenomic era, it was trial and error,
cloning of every element of the pathway,”
he recalls. “It was work from scratch.”
Raikhel’s lab cloned the mosquito ecdy-

sone receptor (EcR) in 1995 and charac-
terized it as a heterodimer of two nuclear
receptors (13, 14); he went on to per-
form binding studies and probes to un-
derstand how nuclear receptors and tran-
scription factors regulate ecdysone’s action
and thus, egg production (15). In the case of
ecdysone, the signals that stimulate vitello-
genin synthesis at the proper place and time
are related to those that control
metamorphosis in Drosophila (16). Not
content with broad brushstrokes, Raikhel
wanted to know exactly which transcription

factors binding inwhat order initiate the egg
production cascade after a blood meal (17–
20). “Deciphering developmental switches
governing the cyclicity of egg production
in mosquitoes is essential, because these
cycles of blood feeding and egg production
serve as a basis for pathogen transmission.”
Having achieved significant progress
(21, 22), Raikhel’s lab continues to tackle
this driving question.
Discerning which transcription factors

are active at certain times in the egg
production cascade provided a window for
Raikhel to begin practical studies of vector
control. The location of egg production
precursors in the fat body underscored his
conviction that boosting the mosquito’s
own immune system can prevent trans-
mission. Because the fat body links directly
to the mosquito’s hemolymph, the equiv-
alent of human blood, the organ can ef-
fectively deliver immune boosters straight
to where they are most effective. In 2000,
Raikhel introduced a genetically modified
mosquito with altered immunity (23). Us-
ing the vitellogenin promoter to drive the
immunity genes, Raikhel could overexpress
or knockdown certain immune pathways in
hopes of developing a mosquito with an
immune system robust enough to kill any
ingested parasites, thus preventing trans-
mission. Indeed, Raikhel’s group recently
developed a transgenic mosquito incapable
of pathogen transmission becauseof the up-
regulation of two antimicrobial peptides:
defensin and cecropin (24). In addition to
producing mosquitoes resistant to disease,
thework led to transgenicmodels andother
tools—a major breakthrough that finally
allowed researchers to begin performing
more sophisticated work in mosquitoes.
These genetic tools allowed Raikhel

to extend his search for immune factors
produced by mosquitoes that are poten-
tially harmful to disease pathogens. In the
last 10 years, his laboratory has elucidated
major immune pathways inAe. aegypti (25–
29). More recently, they helped sequence
the genomes of two mosquito species, Ae.
aegypti and Culex quinquefasciatus, signif-
icant vectors of Dengue fever and West
Nile virus, respectively (30, 31), and
searched the genomes for immune-related
genes and pathways (32, 33).

Going West
Around the same time that Raikhel de-
veloped a transgenic mosquito, he visited
the University of California, Riverside to
give a talk. On that March day, he recalls,
“the blooming fruit trees and beautiful
weather” stood in stark contrast to
Michigan’s winter. Less than 2 years later,
Raikhel migrated from the cold Midwest
to join the University of California Riv-
erside faculty in the Department of En-
tomology, later starting the university’s
Center for Disease–Vector Research in

2005. Raikhel has continued to dissect
the connection between the ingestion of
blood and egg production. His previous
work had elucidated in detail how the
hormone ecdysone acts as the major regu-
lator of vg expression, but activation of the
gene seemed to be conditional: without
prior blood feeding, ecdysone does not
stimulate egg maturation in mosquitoes.
Raikhel and his group discovered that, to
jump start egg development, blood-feeding
mosquitoes like Ae. aegypti rely on an evo-
lutionarily conserved mode of nutritional
signaling known as the target of Rapamycin
(TOR) signal transduction pathway. Rai-
khel explains that the pathway, which is
ubiquitously expressed in eukaryotes, me-
diates nutritional signals in other organisms
to play key roles in cell growth, pro-
liferation, and cancer. Mosquitoes, how-
ever, use amino acid-based TOR signaling
in a unique way, adapting it for their life-
style as blood-feeding insects (34–36).
In anattempt touncover yet another layer

in the complex regulatory network that links
blood feeding and egg development in
mosquitoes, Raikhel and his group in-
vestigated the role of microRNAs
(miRNAs)—short RNA sequences that
help control translation by preventing the
translation of certain coding RNAs. “I be-
came fascinated with these, because so
many miRNAs regulated developmental
events in Drosophila or plants,” he says.
In his Inaugural Article, Raikhel looks
for miRNAs that play key roles in mosquito
reproduction (1). Previous studies had ex-
plored the potential roles of miRNAs in
reproduction but not enough to satisfy
Raikhel. He says, “We asked the questions
through the eyes of vector biologists.”
Raikhel and his group began by ex-

amining the expression patterns of 27
miRNAs known to be active in the fat
body. One in particular, miR-275, stood
out for its sevenfold increase in expression
after a blood meal. Further characteriza-
tion of miR-275 showed that it was acti-
vated by the same pathways that activate
vitellogenin, TOR, and ecdysone. Bart
Bryant, a postdoctoral fellow in Raikhel’s
laboratory, developed an antagomir—
a reverse cRNA sequence—to block miR-
275 in vivo. Without miR-275, the female
mosquitoes could not digest a blood meal,
and large boluses lodged in their guts.
Furthermore, the ovaries of the same fe-
males failed to develop, revealing another
link between feeding and egg production
(1). Although Raikhel acknowledges that
other important miRNAs may exist, he
suggests that miR-275 is among the big-
gest regulators of reproductive events in
Ae. aegypti. Because miR-275 is conserved
among other arthropod disease vectors, he
hopes that it might have a universal and
therefore, targetable role in transmission.
For now, the team is looking for targets of
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miR-275 in the mosquito, a task that is
more difficult than it would be in a model
organism. “I am a freshman in this field,”
he says, but if his track record shows any
indication, it will not slow him down.
Raikhel’s determination to manipulate

the intractable mosquito using techniques
developed for less complicated species
has earned him accolades in the field,
including the 2001 Entomological Society
of America Award in Insect Physiology,
Biochemistry, and Toxicology and a 2002
National Institutes of Health MERIT
Award; additionally, he was a 2009 Fellow

of the Entomological Society of America.
He attributes his success in large measure
to a loving and supportive family. Being
married to another extremely busy aca-
demic meant that the couple shared all
responsibilities of raising their two sons,
Eugene and Vincent, with both parents
intimately involved in day to day activities
of the kids. Juggling parenting with an
intense academic career, says Raikhel,
proved challenging for him but very re-
warding. “I am blessed by having two
wonderful sons. Raising them is one of
my major achievements in life,” Raikhel

says. Even at home, his love for research
follows him. He has a passion for French
cooking and credits his success in the
kitchen to his flair for science. “It’s like in
a lab. You experiment, and you follow
recipes.” However, in Raikhel’s case, it is
the creativity to adjust the recipe and
a determination to cook up new ways of
studying a bloodsucking pest that makes
all of the difference.

Tinsley H. Davis, Freelance Science
Writer
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