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Sericulture .
hink silkworm and you're bound to

e
’ 1 imagine a creepy crawler. Their tiny
suction-cup feet can give you goose bumps
when inching across your skin. I healthy,

Japar

kworm grows into a pudgy, eating

ne voraciously chomping on mulberry
leaves until it’s ready to spin a cocoon. It cer-
tainly wouldn’t win a prize for Most Beauti-
ful Insect.

But this remarkable creature has been a

prized possession for an estimated 5,000

é ~ éé = N years, shaping the trade and economy of

2h 22 5 %‘]‘ }}’i ancient civilizations and modern nations

across the globe.

Stery & Photographs by Lucy Birmingham The silkworm and its silk proteins have
/B BE - eHE now emerged as key elements in biotech in-
novations in pharmaceuticals, cosmetics and

other products. The National Institute of
Agrobiological Sciences (NIAS) in Tsukuba,
near Tokyo, developed the sillworm trans-

SILK

genic (genetically engineered or modified)
technology in 2000. Expectations are mount-
ing high. Not only might this revive Japan's
declining sericulture (silkworm farming)
industry, it could even be the beginning of a
2lst-century Silk Road crossing international
borders.

Transgenic 3D Printers

“The silkworm is almaost like a living 3D
printer.” says artist/designer and MIT Media
Lab assistant professor Hiromi Ozaki, better
known as Sputniko! “Silkworms have been

bred for thousands of years to produce more
silk. Now researchers are developing silk-
worms with certain DNA to produce a silk
“print up” that can be used to create products
such as ultra-strong surgical threads and
meds .
Working with NIAS researchers, Sputniko!,
30, is now taking transgenic technology into
the artistic, “design fiction” realm. One of her
projects, “The Perfect Love Dress.” is woven
with silk that virtually transforms a woman
“into a modern biotech Aphrodite.”“We're

es.
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genetically engineering silkworms to spin
asilk thatinduces love by adding the ‘love
hormone’ oxytoci i
In the real life realm, Sputniko! also works
with a fluorescent silk created by NIAS
researchers in 2008.
injected with green, red, and orange fluores-
cent protein genes from jellyfish and coral,”
explains Dr. Hideki Sezutsu, head of the
research unit. Under a black light, the freak-
ish results turn to marvel when woven into
Sputniko!’s stunning costumes. The silk was
also used in a costume designed as a 12-layer
kimono originally worn by court ladies a
thousand years ag
“In two or three years, silk spun by trans-
genic silkworms will be produced on a mass
scale and sold commercially,” says Sezutsu.
“Sericulture, though, is quite restricted
due to regulations.” The ethics of genetic
engineering are hotly debated. Japan has

she ex

kworm eggs are

agreed to abide by the Cartagena Protocol
on Biosafety, mandated to protect biological
diversity and regulate international transfers
of genetically engineered organisms, Sezutsu
adds, “We're carefully moving forward with
research and applying for government per-
mission. We're going to create the finest silk
in the world.”
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Life Cycles

The domesticated silkworm is the caterpillar
of the Bombyx mori moth. Like most insects
it goes through four stages of development:
egg, larva (caterpillar), pupa (inside cocoon)
and adult (imago or moth). After hatch-

ing from an egg, the larva grows so quickly
it molts four times until it reaches a weight
about 10,000 times its newborn size and is
ready to spin silk.

During this one-month process the worms
must be constantly fed fresh mulberry leaves.
Nowadays farmers are opting for a combir
tion of leaves and healthy artificial mix
“T'his stage is followed by the cocoon-spin-
ng process, which takes about three days.
Silkworms spin by first anchoring their silk
toa frame. They then draw the silk through
spinnerets located near their mouths by
moving their heads round and round, in a
figure-cight pattern. The cocoon is actu-
ally a single silk thread (filament) about one
kilometer long. Cocoens used for silk reeling
(filature) are treated with boiling water to kill
the pupas and loosen the threads.

Hatching the Silk Industry
Silk is said to have originated in C
around the 15th century B.C
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Japan are first mentioned in ancient mytho-
logical tales, and commercial sericulture and
filature began between the first and second
century A.D. Production methods became a
tightly guarded secret preserving a Chinese
monopoly on the trade. Inevitably, the secrets
of silk making spread across the globe as
demand for this precious commodity grew.
Fast forward to Japan, mid 1800s. After
over 200 years of national isolation, the port
of Yokohama was opened to foreign trade in
1859. At the time, raw silk was an important
export product, so silk production became
one of the country’s principle industries.
It was a stroke of luck for the government
when Europe’s silkworm industry suffered a
severe blight of pebrine disease in 1868, Des-
perate for foreign exchange, the new govern-
ment set out to meet the huge demand for
silk abroad with Western-style machinery.
They hired Frenchman Paul Brunat
(1840-1908), an expert in silk manufactur-
ing, to build Japan's first modern silk factory.
He picked a site about 100 kilometers from

Tokyo, in the hills of Gunma Prefecture, in
the town of Tomioka. The area is known for
healthy mulberry trees, thanks to the nearby

similar to conditions in China, perfect for

growing mulberry t riculture grew as

a cottage industry there, labored traditionally

by farming women
Brunat chose silk-reeling machines im-
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ported from France and designed the factory
buildings with a hybrid of Western and Japa-
nese architecture. One was a revolutionary
ventilation technique using a raised turret-
like roof developed by silkworm farmer
Yahei Tajima in a town near Tomioka in the
1860: er construction for Tomioka Silk
Mill finished in 1872, the state-owned facility
was lauded as the cradle of industrial Japan.

Young women from throughout Japan
joined the factory force as part of a govern-
ment campaign to labor for the sake of the
nation. Many were from former samurai
families that needed the extra income. Samu-
rai had their stipends drastically cut in the
sudden transition to modernization.

With a long history of technological in-
novation, and the success of Tomioka Silk
Mill, Gunma Prefecture became the center
for Japan's sericulture, silk reel
manufacturing.

ing, and textile

Japan became the world’s number one
exporter of raw silk in 1906 and continued
through the 1920s to feed high demand in
the U.S.A. for silk used in stockings. Innova-
tions continued with development of the
highly productive F1 hybrid silkworm. But
inevitably, cheaper labor and manufacturing
costs abroad undercut Japanese raw silk pric-
es. The nation’s raw silk industry went from
boom to bust. Instead, Japan began export-
ing its advanced silk reeling machinery.

Silkworm Farming Family
In Gunma, the Takahashi family has contin-
ued their sericulture business for four genera-
tions, now with Naoya, 24, joining his parents
full-time after graduating from college. The
family is upbeat about their future. Advances
in transgenic technology and Tomioka Sil
sting as a UNESCO World Heritage
site last year are bringing renewed interest in
the region’s sericulture and silk products.
“Farming silkworms is a 24/7 job between
May and October. It's tough, unstable work,
growing both silkworms and mulberry trees,”
says Naoya. “Most of my fri re do-
ing regular office jobs in Tokyo” His father,
Junichi, adds, “It’s the first time in seven
years that someone from the younger genera-
tion has continued their family’s sericulture




business in this area. Everyone has been very

worried that local production would die off™”
Naoya is now a local celebrity, attract-

ing wide media attention for his efforts to

promote the region’s silkworm farming, “It’s

nice to get praise, but it's not helping with my

biggest challenge: finding a wife. I don’t know
any women who want to work with worms.”
The right type of wife is one key to success.
“A husband and wife work as partners,” says
his mother, Michiko. Men do the heavy jobs,
while women grow the silkworm eggs and do
the time-consuming detailed work tending
the silkworms as they grow. “We women are
called kakadenka in this region, which means
*hard working and strong [enough to man-

age the entire household]

Sacred Stewards

Beyond business, women in Gunma are also
the spiritual protectars of the silkworm and
mulberry tree. Mitsu Ishii, 78, is the 12th-
generation member of a family chosen as
caretakers of the 1,500-year-old Great Mul-
berry of Usune. Legend has it that the tree is
imbued with spiritual powers. “Visitors tell
me they can feel the tree’s power,” says Ishii.
She began her duties about 60 years ago, after
graduating high school. “I go to see the tree
every day, ta check on its condition and keep
track of the many visitors who come to pray
there.” A major concern is continuing the
tradition within her family line. “I'm the last
one, since I don’t have any children. I don’t
know what we're going to do.”

From ancient, fine silk thread to modern-
day, DNA-induced fluorescent varieties, the
silkworm remains a celebrated, influential
insect in Japan shaping the nation’s past and
hopefully its future.
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