






















Scottish Highlands 



Festuca rubra, roots
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Festuca rubra, root exudate, 1H NMR spectrum
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J. Am. Chem. Soc. 1999, 121, 5661-5665.

A “one-of-a-kind” venom component
from the Hobo spider, Hololena curta.



http://www.pbase.com/montecotto/spiders06102004






The brown recluse: Loxosceles reclusa

-
 

Highly toxic to mammals
-

 
Common in the U.S.

-
 

Venom subject of > 500 papers

F. C. Schroeder, M. Gronquist, J. Meinwald, in prep.

-
 

Major reported components: peptides
-

 
Major small-molecule components by direct NMR: 
sulfated nucleosides (> 80%) 
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Rhabdophis tigrinus



Gross Morphology 
of the Nuchal Glands

underside of skin, showing nuchal glands
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Dams had no BD or only small 
amounts

Experiment #1: 
Summary of NMR findings

Dam had large 
amounts of BD

Clutch # 1 Clutch # 2 Clutch # 3 Clutch # 
4

Unfed - (N = 3) - (N = 4) - (N = 3) + (N = 3)

Fed fish - (N = 8) - (N = 1) - (N = 6) + (N = 5)

Fed frogs - (N = 1) - (N = 1) - (N = 2) + (N = 3)

Fed toads + (N = 2) + (N = 3) + (N = 3) + (N = 4)



Hatchling from toad-rich island

D. Hutchinson



Ongoing Studies of Rhabdophis
• Resistance to cardiovascular effects of 

bufadienolides

Elaphe quadrivirgata
preys on frogs
bradycardia after Bufo

pre-toad

post-toad post-toad

pre-toad

Rhabdophis tigrinus
preys on toads
tachycardia after Bufo











“Advances in medicine, including treatments for currently untreatable 
diseases, would not be possible without the powerful pharmaceuticals derived 
from plants, animals, and microbes or without the knowledge gained from other
species in biomedical research.  We must conserve and sustainably use this
pillar of human life.  Yet biodiversity is declining at an unprecedented rate and
is woefully underappreciated as a resource and as an issue meriting high-level
attention.”

Kofi Annan
former Secretary-General of the U.N.



“For many reasons, not least our own well-being, we need to take better 
care of  the rest of life.  Biodiversity . . . will pay off in every sphere of human life, 
from medical to economic, from our collective security to our spiritual fulfillment.”

Edward O. Wilson
Sustaining Life, 2008



“The library of life is burning and we do not even know the titles of the books.”

Gro Harlem Brundtland
former Director General of the WHO, and
former Prime Minister of Norway





BIOPIRACY





$ NIH $

Tom 
Thomas Eisner

Drew 
Andrew Taggi

Frank 
Frank Schroeder

Matt
Matthew Gronquist
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Nucleosides isolated from 
Tegenaria agrestis











Fine fescue (Festuca rubra)





Anterior Nuchal Glands



One Indicator of Scientific Effort

Membership in the American Chemical Society:  ~160,000

Membership in the International Society of Chemical Ecology:  ~500



WHAT MONEY CAN BUY

U.S. Submarines + missiles $417.5 B (Cold War period)
(currently $2-4 B/boat)

New European Fighter Aircraft (development to date) 9.0 B
(unit cost recently reduced from $81M to 57M)

Stanford University Annual Budget (2007-2008 3.5 B/year

Recently Built Sports Facilities (12 USA cities) >2.4 B

Rush Limbaugh (radio show host, 8 year contract) 0.048 B/year

Brazilian Biodiversity Initiative (12 Ph.D.s @$200,000/year) 0.0024 B/year





Hatchling from toad-rich island

D. Hutchinson







Delphastus  sp.  Polypropanoids
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Larva

Pupa

0.5 mm

0.5 mm
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Adult

0.5 mm



Delphastus adult hemolymph
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magnet

5 μl sample

probe

recovery 
vial

inlet capillary

outlet capillary

Sample injection with CapNMR



Varian INOVA 600 
5 mm HCN probe with Shigemi tube 
17.2 μg sucrose in 295 μl D2 O 
nt = 1, lb = 0.7

Varian INOVA 600 
CapNMR microflow probe 
17.2 μg sucrose in 5 μl D2 O 
nt = 1, lb = 0.7S/N = 55.6

S/N = 7.6





WHAT MONEY CAN BUY

Activity Cost in billions (109) of U.S. dollars

National Institutes of Health (NIH), annual budget (2009) $30

U.S. Submarines + missiles, annual cost during Cold War period 10
(currently $2-4 B/boat)

Stanford University, annual budget (2007-2008) 3.5

Metropolitan Opera, annual budget 0.200

Rush Limbaugh (radio show host, annual cost of 8 year contract) 0.048

Chemical Ecology Research Surge 0.040
(200 P.I.s @ $200,000/year)



SPIDER VENOM

NMR Analysis
dqf-COSY 

HMBC

Re-Designed
Fractionation Scheme

A B C D E…

Detailed Characterization 
(NMR, MS, IR etc.)
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SPIDER VENOM

NMR Analysis
dqf-COSY 

HMBC

Fractionation
(HPLC etc.)

A B C D E…

Detailed Characterization 
(NMR, MS, IR etc.)
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