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SEQUESTERING 
CARBON IN WETLANDS 

THROUGH ENZYME 
SUPPRESSION



Our start point

• The mysterious case of 
the head in the bog
– Cheshire 1983 

– Murder?
• Routine testing

– Carbon dating
– 1000+ yrs

A spectacular failure of decomposition 



Outline

• Why is preservation so 
effective in peat bogs?

• What is the enzymic latch
– How peat bogs affect a 

planet

• Implications of the 
enzymic latch
• Use in geoengineering

Identifying an “Enzymic Latch”



• Assumptions:
• Waterlogging reduces 02

abundance
• Lack of O2 restricts 

decomposition

• Because as everyone knows…..
Microbes are far more active with 

O2

Enzymes need O2

O2 as the regulator?

CO2 is released if these ‘wetlands’ 
become ‘drylands’



Supporting evidence?
• Do studies of other O2-free environments confirm the importance 

of O2 ?
– Anaerobic sewage treatment; Rumen

• Do anaerobic conditions mean low hydrolase activity?
• Is decomposition / microbial metabolism inefficient?

– Little evidence to suggest that O2 enrichment should 
favour enzymic decomposition



Hydrolases become more active in drier conditions despite being 
unaffected by O2 - but why? 
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In fact peat enzymes behave like 
those other anaerobic enzymes
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				sulphatase		glucosidase		phosphatase		Phenol Oxidase
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Clue 1: When Phenol Oxidase is highly active, 
phenolics become scarce
Phenol oxidase is one of 
the few enzymes able to 
degrade phenolics

Without Phenol Oxidase, 
phenolics accumulate
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Finding the “Enzymic Latch”



Clue 2: ONE OF THE KEY CHARACTERISTICS OF 
WETLANDS – BROWN WATERS

• Peatlands are full of….

• Phenolics (polyphenols, tannins, humics)
• Create background absorbance and quench

Phenolics are abundant in wetlands



Clue 3: When peats become drier, phenolics 
disappear
• When a drought 

introduces O2 to the 
peat:
– Phenol oxidase soars
– Phenolics disappear 

• One of the most 
dramatic impacts of 
droughts
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Weeks of drought

Those phenolics disappear under drier 
conditions



Clue 4: Phenolics are potent hydrolase enzyme 
inhibitors

• Phenolics inhibit enzymes
• Removing even small 

amounts of phenolics can 
increase hydrolase 
activity

• Freeman et al 1990
• Wetzel 1992
• Vuorinen A.H. Saharinen M.H. 1996

y = -1.1435x + 87.272
R2 = 0.3211

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70
Soil phenolics (mg l-1)

Ph
os

ph
at

as
e 

ac
tiv

ity
 

(n
m

ol
 M

U
F 

g-1
 d

ry
 w

ei
gh

t m
in

 -1
)

Sphagnum

Juncus

Phenolics inhibit hydrolases


Chart1

		2.8106024

		5.0854334

		2.4239854

		5.5263758

		9.9912602

		4.784911

		4.256

		6.204

		4.2243675

		6.4622705

		5.1103396

		5.656435

		5.374096

		4.7060172

		4.915464

		2.8544124

		1.588

		2.5251184

		1.3813862

		1.0842858

		1.35956975

		1.14179348



Phenolics (mg/L)

B-D-glucosidase activity

Marchlyn Bach & Llugwy

2.9031900993

2.1391913034

4.7822395359

2.2925638518

2.3193433066

1.4744237307

1.4205475599

2.8516040966

2.7505211045

0.8068064189

1.773683419

0.7492028894

9.6901033193

17.8080892319

14.3346810501

6.3710068146

17.0837279059

17.1904893345

15.1219632117

10.4652441722

9.4194970078

12.2061828205



Sheet1

				February		March		April		May		June		July		October		November		December		January		February		March		February		March		April		May		June		July		October		November		December		January		February		March		June		July		August		September		October		November		December		January		February		March

		Phenolics		1.724		3.254		2.040		2.307		4.573		4.002		2.4775952		3.2820646		3.4729102		2.1045156		3.2152326		3.8312244		2.811		5.085		2.424		5.526		9.991		4.785		4.256		6.204		4.2243675		6.4622705		5.110		5.656		5.374		4.706		4.915		2.854		1.588		2.5251184		1.3813862		1.0842858		1.360		1.142

		B-D-g		12.450		1.026		2.909		1.261		2.632		3.388		1.9693540246		0.981912842		1.50162692		1.3503917367		1.4093203274		1.4860311952		2.903		2.139		4.782		2.293		2.319		1.474		1.4205475599		2.8516040966		2.7505211045		0.8068064189		1.773683419		0.7492028894		9.690		17.808		14.335		6.371		17.0837279059		17.1904893345		15.1219632117		10.4652441722		9.4194970078		12.2061828205





Sheet1

		



Phenolics (mg/L)

B-D-glucosidase activity

Cefni, Marchlyn Bach & Llugwy



Sheet2

		



Phenolics (mg/L)

B-D-glucosidase activity

Marchlyn Bach & Llugwy



Sheet3

		



Phenolics (mg/L)

B-D-glucosidase activity

Cefni



		





		







hydrolases

Available  
nutrients

microbes

O2
Phe-Ox Phenolics

Not the on/off switch

O2

Can we link this all together?



hydrolases

Available
nutrients

microbes

O2
Phe-OxO2

Freeman et al 2001, an “enzymic latch”

O2 has an indirect impact on wetland hydrolases

http://www.nature.com/cgi-taf/DynaPage.taf?file=/nature/journal/v409/n6817/index.html


The enzymic latch in more detail

hydrolases

Inorganic
nutrients

microbes

gas 
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At each stage there is an opportunity for optimising 
carbon capture 

a

Freeman et al 2012



WE CAN INCREASE PHENOLIC  
ABUNDANCE

More phenolics create more suppression of decomposition

Dunn & Freeman (2018)



WE CAN MODIFY PHENOL OXIDASE 
ACTIVITIES BY CHANGING PLANTS 

PRESENT

Certain plants create more suppression of decomposition

Dunn et al (2018)



We can modify the environment & 
affect microbial biodiveristy / 
enzyme activity and inhibition

Changing edaphic conditions can modify suppression of 
Decomposition – including via long term shifts in biodiversity

(Bonnet et al 2018, Potter et al 2018)



We need to consider the 
characteristics of individual 

phenolics

Higher molecular weight phenolics create greater suppression 
of decomposition

Dunn & Freeman (2018)



Geoengineerng:

An application for the “Enzymic Latch”?

With careful planning, we 
should be able to use 
phenolics to optimise 
carbon sequestration
This may explain why Geoengineers are 
getting seriously interested in Peatlands
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Applying the “Enzymic Latch”
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