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Setting the scene — The germinating seed
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Fundamental and applied relevance of limit dextrinase
(LD) and limit dextrinase inhibitor (LDI)

e LD is the sole starch-debranching enzyme present in
germinating barley seeds, i.e. also in malting and
mashing

e LD and LDl are limiting and central in beer production

e LDisfrom a large family of starch degrading enzymes
(GH13), which have industrial important members as
well as enzymes being a part of organisms energy
metabolism.

e Knowledge is limited on the structural basis and
mechanism of proteinaceous inhibitors of
carbohydrate active enzymes
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Limit dextrinase (LD) =
G
PDB: 4j3w
Km kcat kcat/Km
(mg/ml) (s?) (ml/(mgs))
Pullulan 0.16+0.02 7810 488
Potato amylopectin 6.911.0 15.6+1.2 2.3
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LD-E510A; Solved by MR; Resolution: 1.67 A; Reryst/ Rree=16.4%/19.6%

Mgller et al. (2015), J. Mol. Biol. 427, 1263-1277
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LD:LDI structure =
Barley limit dextrinase (starch debranching enzyme)
+
its endogenous inhibitor (LDI)
X . N-domain
Catalytic ddmain
PDB: 4CVW .

Mgller et al., (2015) J. Biol. Chem., 290: 12614-12629
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Limit dextrinase inhibitor (LDI)

LDI is a small inhibitor (13.4 kDa) with 4 disulfide bonds and one
glutathionylated cysteine and belongs to the cereal-type
inhibitors

Antisense down-regulation of LDI reduces starch biosynthesis and
alters the amylopectin:amylose ratio

LDI is the sole characterised inhibitor of a debranching enzyme

LDI can be recombinantly produced in P. pastoris resulting in 200
mg/L

LDl has a T., of 97°C and bind to LD with pM affinity

Crystal structures of 3 other cereal-type inhibitors are solved:
— Bifunctional inhibitor of trypsin and a-amylase from ragi (RBI), 1B1U
— Corn Hageman factor inhibitor (CHFI), 1BEA

— 0.19 a-amylase inhibitor from wheat kernel (0.19 Al), 1HSS Id. to LDI (%) Sim. to LDI (%)
All k | type inhibit tLDl are acting against  non o o8
nown cereal type InnibItors excep are acting agains CHFI 56.0 716

pests, i.e. not inhibiting the plants own enzymes
0.19A1 327 54.8




New binding orientation of a cereal-type inhibitor =

RBI = Ragi Bifunctional Inhibitor of trypsin |
and (insect) a-amylase ) ‘/"‘” Insect a-amylase

Tr

Sequence identity: 53.3%
Sequence similarity:  68.9%
RMSD: 0.83

LDI has no inhibitory effect towards insect a-amylase  |imit dextrinase V\;‘J

bacterial pullulanases, or bovine trypsin
Mgller et al., (2015) J. Biol. Chem., 290: 12614-12629



Conserved features of cereal-type inhibitors
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9-10 conserved cysteines

| 1-ABB88573 | Hordeum_vulgare LDI |
2-CAA68248 |Triticum_aestivum

4-P01087|Eleusine_coracana RBI

...... LESVEDE

3-XP_003561291 |Brachypodium _distachyon DGVQEDDQNGEWW
........ EEEEE

10-ABK34477|0Oryza_sativa_Indica gr.
42-P01088|Zea_mays CHF

43-P01083|Triticum aestivum 0.28 Al
45-P01085|Triticum_aestivum 0.19 Al
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LD/LDI in relation to malt quality
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Fig. S2. Boxplot of LD and LDI activity in
barley grain and malt. A, LD activity; B, LDI
activity.

Huang et al. (2016) The relationship of limit dextrinase, limit

dextrinase inhibitor and malt quality parameters in barley and
their genetic analysis. J. Cereal Science, 70, 140-145



LD/LDI in relation to malt quality
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CE——
B 0.35 -
Table 2 0.30 -
The correlation between LD activity, LDI content and malting quality parameters. G 0.25 4
LDy LDlyy LDc LDIg = 020
DP 0.344" 0346 0.000 g '
Kl 0.575" —0.564" -0.374" -0.018 T 0.15-
ME -0.013 -0.116 —0.402"" 0.122 S
VC -0.504"" 0.168 0.315" -0.145 on' 0.10 -
SN 0.552"" 0.166 0.124 0.225
TN 0.178 0.573" 0435" 0.235 0.05
Note: LDg: LD activity in grains; LDy LD activity in malt; LDIg: LDI content in grains; 0.00
LDIy;: LDI content in malt; DP: diastatic power: KI: Kolbach index; ME: malt extract; : 20 4'0 6IO 8I0 1(')0 150

VC: Viscosity; TN: total nitrogen content in malt. * and ** Represents significant at
P < 0.05 and P < 0.01 level, respectively.

Huang et al. (2016) The relationship of limit dextrinase, limit dextrinase inhibitor
and malt quality parameters in barley and their genetic analysis. J. Cereal Science,
70, 140-145

Temperature (°C)

Fig. 8B. Differential scanning calorimetry thermograms of LD (5 uM),
LDI (25 uM), and LD-LDI (5 uM:25 uM) unfolding at pH 6.5.

Mgller et al. (2015) Crystal structure of barley limit dextrinase-limit
dextrinase inhibitor (LD-LDI) complex reveals insights into
mechanism and diversity of cereal-type inhibitors. J. Biol. Chem., 290,
12614-12629



How LDI “disappear” during germination
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Reduction by thioredoxin
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Degradation by proteases (?)

Germinating grains (days}
MW i 1 2 3 4 5

136.55

111.49
48.37
b2 61.24
] 24?0 2412 2i"‘ 2i2 Zio‘f 2324

2 4 5 cantrol
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Jensen et al. (2012) FEBS let. 586, 2479-2482; Stahl et al. (2007) Plant Sci. 172, 452-461; Cho et al. (1999), PNAS, 96, 14641-14646
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Engineering of LDI-insensitive limit dextrinase? g

SPR analysis

k,, Kk Ko Relative

(Ms) (s*) (M) Ko
Wt LD (15.4+0.2)-105  (6.4+0.2)-105 (42.0+2.0)-10°12 1
LD-D730W (10.6£0.4)-10°  (35.1+3.6)-10° (33.0+2.2)-10! =8
LD-D730R  (1.5+0.07)-105 (106.1+4.2)-105 (71.940.4)-10°10
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Mgller et al., (2015) J. Biol. Chem., 290: 12614-12629
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Present research activity on LD
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Sorghum starch digestibility € LD-activity

ARTICLE
Received 30 Aug 2012 | Accepted 4 Jan 2013 | Published 12 Feb 2013 DOI: 10.1038/ncomms2450 OPEN

Allelic variation at a single gene increases food
value in a drought-tolerant staple cereal

Edward K. Gilding“, Celine H. Frére?*, Alan Cruickshank3, Anna K. Rada®, Peter J. Prentis®,
Agnieszka M. Mudge1, Emma S. Mace3, David R. Jordan® & lan D. Godwin'

The production of adequate agricultural outputs to support the growing human population
places great demands on agriculture, especially in light of ever-greater restrictions on input
resources. Sorghum is a drought-adapted cereal capable of reliable production where other
cereals fail, and thus represents a good candidate to address food security as agricultural
inputs of water and arable land grow scarce. A long-standing issue with sorghum grain is that
it has an inherently lower digestibility. Here we show that a low-frequency allele type in the
starch metabolic gene, pullulanase, is associated with increased digestibility, regardless of
genotypic background. We also provide evidence that the beneficial allele type is not asso-
ciated with deleterious pleiotropic effects in the modern field environment. We argue that
increasing the digestibility of an adapted crop is a viable way forward towards addressing Structure of free barley limit dextrinase

food security while maximizing water and land-use efficiency. Mgller et al. (2012) Acta Crystallogr., Sect. F: Struct. Biol.

Cryst. Commun., F68, 1008-1012
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