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STRATEGY (Adhesive is both strong and flexible)
45 55 4435 Crassostrea virginica
LIVING SYSTEM | (Eastern oyster)
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#Attach permanently #Control erosion and sediment

#Coordinate by self-organization

#Detoxification/purification of air/water/waste #Manage turbulence
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(Oysters build strong but flexible reefs using minerals in a sticky
protein web)

4% KRl
7T & W

€% #44 &®P (SUMMARY OF FUNCTIONING MECHANISMS)

PR R A KRR I G S IMA A AR G R P RRES B AL K AR
TER - A« G TR G- AL SR A AR AT  (stalagmites) -
- BP0 BT R R A AT o AR B - e 5 S
AEPABR R LY B RI R R A R e A e
B BAE R T4 o

Jonathan Wilker ¥ 1 ¥ % ;& ~ & (Purdue University) it 5 3 > 77 7 £ H s
AL e A2 M o BARTE BEA S 6 AL B A & Wilker 4y 1 HHiE a4k




ERMLp e FAET Rk PRGBSI LG VBTG A RORPRME
(calcium carbonate) -

FRPLAT o X G B A (limestone) » T2 5 &b o 7 PR PIE R & B E Ac i (E ¥
vE ‘?
fjf‘u&r}’ﬁ@:% SHZERFAEDHENER s UEFAR Y EMEHE (3 D
) o pEE A BRFEAT IR G R BCAREnE0 B0 R B R SRR Al 4 R
T P T H - AR o

% 2010 & > Wilker c7#7 7 # R0 39 B A F B {7 2 R 4a4% (cross-link) cgEdy 0 A

TR0 - AR AR Ak o TG XA T ApdR S 0 TR AR E B
ﬁ°$t%fm@%’ﬁﬁ(mﬁ%kyﬁ#>éb@ﬁﬂy RS RS
Foom s, (F% Yaptpadr ) B 4o RS R o

m _‘.

- m@:}%“’%" R BRI E F B rT MR 2 A Mﬁf\e'ﬁﬁ?ﬁl
Wilker it i (7@ 3 EFF R B EFFRnET Py c BHIRI > 3 g p Lentt B H
B - AR o BETRE S Jx%’* TABAEME ik o ud 2 FAGKRE 2w ad
a?f'”LrE'rs\.mEF\ﬁ&ﬁljoy};ﬂwiﬂ S5 AT o SRR AR —,—\I*”J\‘:;I%\»ﬁdm«]f”?ﬁ’
TR B s 2 Er gﬂé—ﬁ%t»ﬂcﬁi‘]p%ﬁ?“ °

Wilker 5= 3 1 12 ¢ — B p 4> G H % mi}w\.i fRp Ko i M o @
W T iBEFrarc b Z2F LA BEgm. | o ¥y ;}F,P,QJEF‘% o m%:f/%f}f% p 2
P e RBARZE TR EH LMW LIBERLY S AP TV
FALA FENFRLREAR RS T MR E S L R pRa fRaE K 0 X T
Ped 2ok i - BE P o FIAEEEE A A T 85% = + g o

Oysters are a delicacy to some and a staple food to others, but they are also vital to coastal
ecosystems. Oysters grab on to one another, stacking themselves like stalagmites that grow from
the ocean floor. Over time, oyster clumps form extensive reefs that resemble underwater cities.
They provide habitat to many aquatic species, filter water and improve its quality, and dampen
waves caused by storms and ship traffic, protecting coastlines from erosion.

Dr. Jonathan Wilker, chemistry professor at Purdue University, studies how oysters and
other marine animals create their underwater bonds. Although many marine animals produce a
protein “glue,” Wilker says that oyster cement is unique because—in addition to a small amount
of mostly-protein organic matter—it contains a high quantity of inorganic calcium carbonate.

Calcium carbonate, otherwise known as limestone, is not at all adhesive. So how does
oyster cement work? Similar to how skyscrapers must be both rigid and flexible to allow slight
swaying in the wind (without toppling), oysters combine hard calcium carbonate with softer,




stickier proteins, enabling them to withstand strong tidal forces while holding their colonies
together.

In 2010, Wilker’s research found evidence that the protein molecules “cross-link,” meaning
they form a kind of mesh or spider web that binds all the ingredients together and gives the
cement its stickiness. Imagine a brick wall, where the mortar (acting like the organics) glues the
bricks to one another as well as to other surfaces, while the bricks (behaving like calcium
carbonate) add strength and rigidity.

While an actual brick wall follows a regular pattern, the structure of oyster cement is far
from uniform. And Wilker’s ongoing research continues to reveal complexities. For example,
unlike oyster shells themselves, oyster cement uses two kinds of calcium carbonate, chemically
equivalent but made from crystals having different shapes and orientations. Other results
indicate that the adhesive may incorporate material from its aquatic environment and may even
involve symbiosis with bacteria that add sugars to the organic portion.

One of Wilker’s goals of this work is to simply understand how nature makes materials.
“That, in itself, is pretty exciting,” he said. But he points out that this research has a range of
potential medical applications, including for bone repair and dental cements, which involve
adhering inorganic materials in wet environments. In addition, this work is leading to greener
concrete products that can be used to build marine-friendly human structures along shorelines—
and help recover some of the 85% of oyster reefs that have disappeared globally over the past
century due to human activity.
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“Experiments presented here show that oysters generate a biomineralized adhesive material
for aggregating into large communities. This cement is an organic-inorganic hybrid and differs
from surrounding shells by displaying an alternate CaCO3 crystal form, a cross-linked organic
matrix, and an elevated protein content.”




“The adhesive was shown to be non-uniform in both chemical composition and structure
from sub-micron up through millimeter length scales. This non-uniformity suggests the adhesive
is formed in an open environment, enabling the shellfish to utilize elements and materials from
the surroundings. This unique adhesive provides distinctive materials properties with inclusions
being incredibly hard, for enhancing strength, while the majority of the adhesive is soft, thereby
providing flexibility.”
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https://en.wikipedia.org/wiki/crassostrea virginica
https://www.onezoom.org/life/@crassostrea virginica
https://eol.org/pages/449554
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https://asknature.org/strateqy/adhesive-is-both-strong-and-flexible/
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