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Aspects of Bioprospecting and Biodiversity
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Part 2:
Proteins in search of function
The other side of biodiversity
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Part 1: Aspects of Bioprospecting and Biodiversity

Bioprospecting is the search for useful bioactive substances or
bioactive microorganisms within the immense, mostly unknown 
biodiversity of countries like Indonesia, Brazil, Madagaskar. 

(Microorganisms are not
even mentioned, there is
no realistic idea how many 
there may be.)
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If Jamu works, why is bioprospecting still useful?

Traditional medicine (e.g. Jamu) is a great source for an „educated
guess“ where bioactive substances may be found. 

 Proper clinical investigations

 Availability of substances

 Seperation of bioactive components (avoiding side effects)

 Reliable quality

 Distinguish myth from science

 Identification of chemical compounds (synthesis of related compunds)
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Some well known examples:

Rosy Periwinkle. Expected to cure diabetes, the
active compount is vincristine, an alkaloid that in-
hibits microtubule formation and is used to treat
cancer. 

Neem Tree. Used as antifungal, antibacterial, 
antihelmintic substance, pest control in 
agriculture and many other applications.

Artemisia annua. Used as a malaria cure in traditional
medicine. Active compound: Artemisinin.
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Problems:
Who owns the plant?
Who owns the knowledge?
How can the ownership be protected?
Who gets the profits from further medical development?

Who contributes ideas and know-how for medical applications?
(see Rosy Periwinkle)

• Regulated access to genetic resources and traditional knowledge, including Prior Informed 

Consent of the party providing resources.

• Sharing, in a fair and equitable way, the results of research and development and the 

benefits arising from the commercial and other utilization of genetic resources with the 

Contracting Party providing such resources 

• Access to and transfer of technology, including biotechnology, to the governments and/or 

local communities that provided traditional knowledge and/or biodiversity resources.

• Technical and scientific cooperation.

• Education and public awareness.

Convention on Biological Diversity 1992
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The Artemisinin case

Herbal tea cures malaria infection with high efficiency. 

The bioactive compound was identified as Artemisinin (1972) by
Chinese researchers – they kept it secret.

Novartis (Switzerland) launched a project for large scale preparation 
of Artemisinin from plants grown in Africa by small scale farming. 

The contracted amounts could by far not be reliably delivered. 
The quality was poor and not reproducible.

The project was stopped in 2009.

Only in 2004 UC Berkeley started a research project on Artimisinin.
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No more Artemisia required.

Many years of hi-tech development, risky, expensive.

Outcome: not only Artemisinin but other useful compounds.

After high investment: low cost production 
reproducible quality
independent of agriculture

Who gets the profit?
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For a reasonable share of the profits, Jamu is a start, but not the solution.

All this competence and infrastructure cannot be achieved in 4 years 
of the IGN-TTRC. 

But we have to start out at some point!

To make profitable use of Jamu, we have to:
identify the bioactive compounds 
isolate/purify the compounds
understand the biochemistry
understand the medical activity
identify the biochemical pathways
try to rebuild them in suitable organisms
or develop chemical synthesis
or develop efficient isolation procedures

Thanks to K.P. Koller (Frankfurt University) for providing some slides!
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Part 2: Proteins in search of function: The other side of biodiversity

Genomic differences in conserved genes are used to „measure“
Biodiversity (e.g. cytochrome, rDNA, actin).

Sequence conservation is a result of evolution: 
essential genes are only allowed to mutate as long as their essential
function is not impaired.
A mouse with non-fuctional actin, cytochrome, rDNA etc. is dead!

Essential genes are evolutionary conserved.

Evolutionary conserved genes are essential?
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Dnmt‘s come in three families:

maintenance meth. 

de novo meth. 

unknown ?

DNA methyltransferases in Eukaryotes are important 
for epigenetic regulation (e.g. inactivation of promoters, 
imprinting, X-chromosome inactivation).

Abt. Genetik
Universität

Kassel

Mouse, Drosophila, fission yeast
and Dictyostelium show no obvious
phenotype in Dnmt2 KO-strains.

Deletion of Dnmt1: 

Deletion of Dnmt3:

Deletion of Dnmt2:

Why is it evolutionary conserved?
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Function:

In vitro studies showed a barely 
detectable activity of recombinant 
Dnmt2 on DNA substrates.

In vivo, low methylation especially 
on retroelements in the genome 
was first shown in Dictyostelium, 
then in Drosophila and in Entamoeba.
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In the Dnmt2 KO strain, an increase
in the copy number and expression of the retroelement is observed.
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By others, an unexpected new activity of Dnmt2 was detected:
the methylation of tRNAAsp at C38.

We could show that the
recombinant enzyme from
yeast, Dictyostelium and 
humans have exactly the 
same methylation activity 
on tRNAAsp in vitro.

Why methylate a single 
tRNA?
Why conserve this enzyme
in evolution from yeast to
man?
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The best hypothesis was the assumption that methylated and un-
methylated tRNA had different functions in translation.

wt Dnmt2KO

In vivo experiments showed no significant difference in translation
whether the tRNA was methylated or not.
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Are there other RNAs that are methylated by Dnmt2?

Affinity chromatography of a Dnmt2-GFP fusion.

Isolation of co-purified RNA.

Control: affinity chromatography with GFP only.

cDNA synthesis

Deep sequencing
(454 sequencing, Solexa sequencing)

Bioinformatics
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Pilot experiment:
~20.000 cDNAs sequenced
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some candidate RNAs were 

 selected, 

 cloned, 

 transcribed in vitro 

 analysed in vitro for 

methylation by Dnmt2 from  

Dictyostelium and human.

The spliceosomal U2 RNA
was (so far) the only specific
substrate.
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U2 has a tRNA-like stem loop structure with similarity to tRNAAsp.
This could be a target of Dnmt2. 
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But why methylate a spliceosomal RNA?

Since the Dnmt2 mutant strain has no apparent phenotype, it is 
unlikely that splicing is strongly impaired.

We still do not know why Dnmt2 is so highly conserved in evolution.
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A subtle phenotype like a small disadvantage in growth may 
not show in a growth curve.
But in the time scale of evolution it may lead to rapid extinction 
of the mutant.

Experiment:
 Mix the wild type and the mutant in a 50% to 50% ration

and grow for extended time in co-culture.

 Isolate DNA at different time points.

 Set up a qPCR that can distinguish between mutant and
wild type.

 Determine the percentage of both strains after different times 
of co-cultivation.
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The preliminary result was surprising:

It seems that the mutant strain grows better than the wild type.

So, why has the gene not been lost in millions of years of evolution?
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In the laboratory, cells grow at optimal conditions: temperature
and light are regulated, food is standardised and abundant.

Under these conditions, Dnmt2 is not required and may even be a burdon.

Under natural conditions, the environment changes a lot.

Environmental stress factors may require Dnmt2. Cells that
do not have it may die under these conditions.

We have to define conditions where Dnmt2 is required.
We have to define the biochemical pathways that require Dnmt2.

Hypothesis:
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Diversification (biodiversity) and conservation counteract in evolution.

Dnmt2 may teach us why apparently useless genes are maintained
in evolution.

Evolutionary conserved genes are expected to show strong 
phenotypes when mutated  but sometimes they don‘t.

Evolution works in a changing environment which is not simulated
in the laboratory.

Conserved genes may thus only be necessary under natural conditions.
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Dictyostelium life cycle 
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Probably one of the most „simple“ models for epigenetics

Dapi H3K9me H3K4me merge merge

Hinas et al., 2007

SRUFs
(small regulatory RNAs
of unknown function)

Söderbom, Hinas

Dnmt2miRNAs
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Implied by genome sequence:
Retroelements
DiRS-1 in centromeres
Skipper in some centromeres and in intrachromosomal and distal structures

DAPI  DIRS1 Skipper merge merge

Centromeres: six-some on the edge



16

Abt. Genetik
Universität

Kassel

Co-localization of 
DIRS-1 and H3K9me2 

DIRS-1 H3K9 merge mergeDAPI

SuvA-myc H3K9 merge merge

Co-localization of 
SuvA and H3K9me2 

Centromeres are clustered in interphase and harbor a number of typical
heterochromatin markers. 

Abt. Genetik
Universität

Kassel

Search for CenH3 in the Dicty genome

H2A
H3v1

... and in the cell

3 variants
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Dicty H3‘s cluster
with other H3‘s.

CenH3‘s are more
dispersed and form
a broad cluster. 
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CenH3 H3K9me merge

CenH3 Ddcp
224

merge mergeDAPI

CenH3 localises
adjacent to 
centrosomes.

CenH3 colocalises with centromeres in
metaphase and is ChIPed with DIRS-1
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CenH3 loading in Dicty, plants:
before separation of sister 
chromatids  ancient mechanism

CenH3 loading in animals, fungi:
after separation of sister
chromatids  more recent invention
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Localization of (centromeric) DIRS-1 in respect to chrom.1 telomer.

DAPI DIRS1 mergetel. chrom. 1

Telomeres: the other end
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Centrosome 
(Ddcp224)

DIRS-1
5mC

Skipper

Telomeres 
Skipper

H3K4me2
H3K9me2
(Rabel-like

organisation)

HP1 
H3K9me2
H3K9me3

CenH3
SuvA

H3K4me2
H3K4me3
H3K39me1
H3K39me2

HAT

Rable-like organisation
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Depending on the constructs, transgenes are integrated into the 
Dicty genome as high (approx. 100) or low (1 to 10) copy insertions.

Transgenes: where is all the expression gone?

High copy integration is mostly in one or a few clusters of tandem
arrays.

Usually, highly active promoters like actin are used to drive 
transgenes.

Expression levels in high copy number transformants do not 
reflect promoter activity and copy number.
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Prophase

Late 

prophase

Early 

Metaphase

Late 

Metaphase

Telophase

DAPI   Transg.   DIRS1     merge    merge

Interphase

High-copy transgenes 
co-localise with DIRS-1 
and organize in the meta-
phase plate together 
with the centromeres.

pG418-5 (100 copies)
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DAPI transgene CenH3 merge merge

High copy transgenes colocalize with CenH3 and appear
to generate weak neocentromeres.
(ChIP experiments confirm transgene association with CenH3)
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High-copy transgenes can be ChIPed with H3K9me

suggesting that they are (partially) heterochromatic
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Summary transgenes

Low copy transgenes (~ 10 copies) integrate in one or multiple 
chromosomal sites and are mostly euchromatic.

High copy transgenes (~ 100 copies) integrate mostly at one 
chromosomal site in tandem arrays.

Transgene chromatin displays H3K9me3 and is associated with
CenH3.

Transgene clusters behave like weak centromeres but do not
significantly disturb mitosis.

Transgene clusters appear to be partially silenced.
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DIRS-1: a long way to domestication

DAPI  DIRS1 Skipper merge merge
Only localised in 
centromeres

A retroelement with
40 complete, 
200 incomplete
copies.

>>

>

<<

<

ORF I

Cre-rec ORF III
RT ORF II

LTRLTR

1.9kb HS transcript E1

Transcription is regulated 
in development but DIRS-1 
does not jump excessively.

veg  HS  1hr  15hr

Cohen et al., 
MCB, 1984
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How is DIRS-1 kept under control?

DIRS-1 H3K9 merge mergeDAPI

DIRS-1 is heterochromatic
(as indicated by the heter-
ochromatin markers H3K9me2,
HP1, CenH3 and SuvA.

If transcribed, retroelement transcripts may be reverse transcribed
into DNA and insert additional copies into the genome.



23

Abt. Genetik
Universität

Kassel

DNA methylation

Gene silencing may be achieved by DNA methylation.

Dictyostelium has only one DNA methyltransferase of the Dnmt2 type.

The biological function of Dnmt2 (DnmA in Dictyostelium) is obscure:

Dnmt2 knock-outs in all organisms (except 
Zebra fish) have no obvious morphological 
phenotype.

Dnmt2 expression is always very low.
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In vitro, no methylation activity of Dnmt2 (DnmA) can be detected.

1   3    5   10   60  1   3    5   10  60   1   3   5   10   60[min]

2 mM Mg
2+

5 mM Mg
2+

10 mM Mg
2+

EtBr

3
H-Me

However, Dnmt2 efficiently methylates some tRNAs in vivo and 
in vitro.

The biological function of tRNA methylation is unknown.

Mind that some tRNAs serve as primers for reverse 
transcription of retrotransposons!
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In vivo, DIRS-1 is methylated at some asymmetric C-residues.

Methylation of retroelements was
also observed in Drosophila and 
entamoeba.
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DIRS-1LTR (280bp) Skipper LTR (389bp) GR6 (348bp)

DNA

DnmA

1

0

1

15

1

30

1

90

1

120

1

60

1

150

1

285

1

225

1

0

1

75

1

200

1

150

1

450

1

300

1

150

1

100

1

50

1

0

1

1424

1

1125

1

750

1

600

1

250

1

25

1

375

1

475

DnmA binds any DNA rather efficiently.

covalent
complex

DNA 
oligo

As for tRNA, DnmA
can form covalent
complexes with DNA
in vitro.

Similar to mammalian Dnmt3,
DnmA may contribute to DNA 
compaction.
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~2.200 small RNAs
(siRNAs) out of 
3.800 correspond 
to DIRS-1.

DIRS-1 is entirely 
covered by siRNAs 
from both strands. 

RNAi pathways
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DIRS-1 siRNAs come with both a 5‘ phosphate and a tri-phosphate

from: Hinas et al. 2007

(5‘MP)(5‘TP)
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How to get a triphosphate on the 5‘ end of an siRNA?

RdRP from HCV, no structure available
from eukaryotic RdRPs

RNA dependent RNA polymerases (RdRPs) transcribe RNA to RNA.
They can work primer dependent and primer independent.

In C. elegans, plants and Dictyostelium, the majority of siRNAs appears to
be synthesised by RdRPs as „secondary siRNAs“. 

Dictyostelium has 3 RdRPs (rrpA to C).

(They are extremely difficult to work with, this is why 
we gave them to Christian Hammann.)
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DIRS-1 expression is downregulated 
by RrpC (i.e. the rrpC-KO strain
shows DIRS-1 overexpression)

rrpC cloneswt

As expected, DIRS-1 is mobilised in rrpC 
KO strains: new bands appear and others 
are lost.
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Argonaute proteins

Yuan et al., 2005

PAZ PIWIMid

PAZ: 2-base 3‘ overhang
Mid: 5‘-phosphate
PIWI: target hydrolysis

6 Argonaute proteins in Dictyostelium (AgnA to F)

All expressed at low levels
(even AgnB 25fold less than H3)
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DIRS-1 siRNAs are strongly 
reduced in agnA KO cells.siRNA

DIRS-1 full lenth transcripts
(4.5kb) are strongly enriched
in agnA KO cells.

A so far undetectes full length
DIRS-1 antisense transcript is
found in agnA KO cells

sense 4.5kb

antisense 
4.5kb
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How to domesticate a retroelement?

1. Make it useful for something (like becoming a centromere).

2. Train it not to jump around but stay in a safe place (like centromeres).

3. Downregulate expression.
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Downregulation of expression:

DIRS-1 is in heterochromatin, but how is it targeted?

DIRS-1 is methylated and may be packaged by DnmA,
but how is it targeted?

DIRS-1 generates a large number of siRNAs, possibly
using a dsRNA with the previously undetected antisense
transcript. These siRNAs (or rather their 2nd offspring)
could mediate sequence specific targeting.

AgnA and RrpC are involved in downregulation. 
In both KO strains, DIRS-1 is overexpressed.
At least in the RrpC KO, DIRS-1 is mobilised. 
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Co-localization of 
DIRS-1 and CenH3 

Co-localization of 
DIRS-1 and H3K9 

Localization of 
DIRS-1 (CenH3) 
adjacent to 
centrosome 

DIRS-1 H3K9 merge mergeDAPI

DIRS-1 CenH3 merge mergeDAPI

CenH3 Ddcp
224

merge mergeDAPI
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HcpB

hcpB

cenH3

dnmA

pcnA
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DIRS-1 H3K9 merge mergeDAPI

High copy transformants have an extra spot of H3K9me3,
presumably the transgene array.
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Dnmt2 forms a covalent intermediate with the substrate
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95 kDa -

130 kDa -

72 kDa -

Covalent intermediates of DnmA and tRNA can be detected in 
denaturing gels by western blot and labelled tRNA.

Western-blot

SDS - EMSA
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DAPI   Transgene  DIRS1    merge      merge

DAPI     Transgene    DIRS1       merge        merge

Sometimes, transgenes insert into the extrachromosomal rDNA 
palindromes (nucleoli). 
This results in variable copy number within a population.
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DIRS-1, Chr.2 telomere

DIRS1 mergetelom. 
chrom. 2

DAPI merge

DIRS1 mergetelom. 
chrom. 2

DAPI merge
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The Gal4 system allows for tethering a protein to a specific site in the 
genome.

HP1 has been shown to mediate silencing of a reporter gene when directed 
to its vicinity.
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HcpAGal4 HcpA K222R

Gal4-HcpA can silence GFP tagged with UAS.

Neither Gal4 alone nor HcpA K222R can 
mediate silencing.
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acetylated non-acetylated

Acetylation of K222 appears to support dimerisation and heterochromatin
formation in vivo and in vitro.

The phenotypic effect of K222R may result from impaired silencing of
genes involved in the cell cycle and in development.

Dicty may serve as a model to investigate mammalian HP1 modifications
in vivo.

See poster by Christian Joppich


