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ShHTL7 is a non-canonical receptor for strigolactones in 
root parasitic weeds 
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Dear Editor,

Strigolactones (SLs) are a group of carotenoid-de-
rived small molecules synthesized by plants. As a special 
class of plant hormones, SLs regulate shoot branching 
[1-7]. Intriguingly, SLs are also exuded into the soil as 
rhizospheric signals for communication with arbuscular 
mycorrhizal fungi (AMF) [8] and seeds of root parasitic 
weeds [9-11]: SLs facilitate AMF symbiosis with a wide 
range of land plants, which improves nutrient and water 
uptake of the host plants [1], and stimulate germination 
of the seeds of root parasitic weeds such as Striga for 
parasitic growth on host plants, which causes agricultur-
al disaster with the loss of billions of dollars’ worth of 
crops every year [9]. 

Previous studies have identified several key compo-
nents in the SL signaling pathway. In model plant Ara-
bidopsis, the F-box protein MAX2 (MORE AXILLARY 
GROWTH2) regulates both SL-repressed shoot branch-
ing and karrikin-induced seed germination [12, 13]; how-
ever, the α/β hydrolase D14 (DWARF14) regulates shoot 
branching but not seed germination [14], the repressor 
proteins SMXL6/7/8 (SMAX1-LIKE family) function in 
shoot branching [15, 16], while SMAX1 (SUPPRESSOR 
OF MAX2 1) regulates seed germination [17]. Most re-
cently, we have defined D14 as a non-canonical hormone 
receptor that mediates the hydrolysis of SL to a covalent-
ly linked intermediate molecule (CLIM), which serves as 
the active form of SL that covalently engages the interior 
of D14 thus effecting plant branching suppression [18].

Studies on SL perception by parasitic weeds remain 
challenging due to the genetic intractability of the phe-
notypes and the obligate parasitic property of the exper-
imental system [9]. A group of α/β hydrolase ShHTLs/
ShKAI2s (Striga hermonthica HYPO-SENSITIVE TO 
LIGHT/KARRIKIN INSENSITIVE2 proteins), which 
are paralogs of D14, were uncovered to hydrolyze SL 
and mediate the SL-induced seed germination [9-11]. 
These ShHTLs, including the most active ShHTL7, were 
proposed to act as the SL receptor in Striga hermonthi-
ca [9-11]. However, the active form of SL perceived by 

root parasitic weeds is still unknown. It is also not clear 
what is the genuine receptor that binds to the active form 
of SL. Here, we experimentally define ShHTL7 as a 
non-canonical receptor that generates and perceives the 
SL hydrolysis intermediate CLIM, which serves as an 
active form of SL to regulate Striga seed germination. 

We expressed and purified key signaling components, 
such as the α/β hydrolases ShHTL7 and AtD14, the re-
pressor proteins SMAX1 and SMXL6, and the F-box 
proteins ShMAX2 and MAX2 (stabilized by co-ex-
pressed ASK1; herein referred to as ShMAX2-ASK1 and 
MAX2-ASK1), and used these reagents to perform anal-
yses comparing the mechanism of SL-stimulated seed 
germination with the mechanism of the SL-mediated re-
pression of plant branching. Pull-down assay (Figure 1A 
and Supplementary information, Figure S1A) and size 
exclusion chromatography (SEC) (Figure1B and Supple-
mentary information, Figure S1B) showed that ShHTL7 
interacted with the F-box protein ShMAX2 or MAX2 in 
a GR24 (synthetic SL analog)-dependent manner; and 
this interaction is similar to the SL-dependent D14-D3/
MAX2 interaction essential for SL-mediated suppression 
of plant branching [5-7, 15, 18]. 

Furthermore, we found that GR24 strongly enhanced 
the interaction between ShHTL7 and SMAX1 (Figure 
1C), which is similar to the SL-induced AtD14-SMXL6 
interaction [15]. Interestingly, GR24 did not enhance 
the interaction between ShHTL7 and SMXL6, and the 
interaction between AtD14 and SMAX1 (Supplementary 
information, Figure S1C and Figure 1C), which provides 
a mechanistic explanation for the distinctive functions 
of ShHTL7-SMAX1 interaction, which specifically con-
trols seed germination, and AtD14-SMXL6 interaction, 
which specifically regulates shoot branching. Given that 
SL-induced AtD14-SMXL6 interaction is essential for 
SMXL6 ubiquitination and degradation [15], SL-en-
hanced ShHTL7-SMAX1 interaction may have a similar 
effect on SMAX1. 

Since both AtD14 and ShHTL7 possess enzymatic 
activity that hydrolyzes SL molecules [9, 18], we inves-
tigated whether ShHTL7, like AtD14, can catalyze the 
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production of active SL molecule CLIM and covalently 
bind it. The GR24-induced ShHTL7-MAX2-ASK1 com-
plex was collected in SEC assay (Figure 1B) and run on 
SDS-PAGE to separate ShHTL7 for trypsin digestion 
followed by mass spectrometric analysis. We identified 
a chemical modification on the catalytic residue H246 
in peptide 231-NLGGPSVVEVMPTEGhLPHLSMPE-
VTIPVVLR-262 of ShHTL7, which caused a shift in 
molecular weight by 96.0211 Da (Figure 1D and 1E); 
and this change is identical to the increase in molecular 
weight of AtD14 resulted from chemical modification 
of the corresponding His residue (H247) [18]. As the 
control, the unmodified peptide was identified when 
ShHTL7 without GR24 induction was subjected to MS/
MS analysis.

Our results have revealed similarities between the 
ShHTL7-mediated SL signaling for induction of seed 
germination and the D14-triggered SL signaling for 
repression of plant branching. Taking advantage of the 
comprehensive analyses on D14-mediated SL signaling 
from our recent work [18], we are able to conclude that 
the shift in molecular weight by 96.0211 Da (Figure 1D 
and 1E) corresponds to a covalent addition of C5H4O2 
on H246 of ShHTL7 (Figure 1H, compound 5) and 
compound 4 (Figure 1H) is the active form of SL in the 
SL-induced ShHTL7-MAX2 complex. The same modi-
fication was readily detected when a natural SL, 5-deox-
ystrigol (5DS), was used in MS/MS assay (Supplementary 

information, Figure S1D).
We further generated structural models for the 

ShHTL7-MAX2 complex and the ShHTL7-ShMAX2 
complex using crystal structure of AtD14-D3 complex 
(PDB code: 5HZG) [18] as the template. We found that 
the overall topologies of corresponding proteins, such as 
α/β hydrolases (ShHTL7 and AtD14) and F-box proteins 
(ShMAX2, MAX2 and D3), and the interfaces are al-
most identical (Supplementary information, Figure S1E), 
implying that, during the conversion of SL into CLIM, 
ShHTL7 also undergoes conformational changes similar 
to AtD14 and generate a conserved surface for the inter-
action with MAX2/ShMAX2 to initiate SL signaling in 
Striga.

Hormone perception is essential for a hormone to ex-
ert its effect. Enormous efforts made in the last one hun-
dred years have established a general mechanism under-
lying the perception for all hormones: the active form of 
hormone, which is generated through sequential actions 
of biosynthesis- and modification-related enzymes, non-
covalently binds its receptor to trigger hormone signal 
transduction, and reversibly dissociates from its receptor 
without being altered. This feature of reversibility distin-
guishes hormone-receptor interaction from substrate-en-
zyme interaction. This work uncovers a signal percep-
tion mechanism that integrates both substrate-enzyme 
interaction and hormone-receptor interaction utilized by 
ShHTL7, which acts as a non-canonical receptor of SLs 

Figure 1 ShHTL7 acts as a non-canonical receptor to generate and perceive CLIM. (A) ShHTL7 interacts with ShMAX2 
and MAX2 in a GR24-dependent manner. Pull-down assays using GST-ShHTL7 and His-ShMAX2-ASK1 or His-MAX2-
ASK1 in the absence or presence of 20 μM GR24. GST-ShHTL7 was detected by anti-GST antibody and PVDF membrane 
was stained with Memstain to show equal loading. GR24 used in this work is stereoisomer (+)-GR24. (B) GR24 induced 
the interaction of ShHTL7 and MAX2 in an SEC assay. SEC analysis (upper panel) of the interaction between ShHTL7 and 
MAX2-ASK1 in the presence of 200 μM GR24. SDS-PAGE analysis (lower panel) of peak fractions from the upper panel; M, 
molecular weight ruler (kDa). (C) GR24 enhances ShHTL7-SMAX1 interaction. Pull-down assays using Flag-SMAX1 and 
GST-ShHTL7 or GST-AtD14 in the absence or presence of 20 μM GR24. GST fusion proteins were detected by anti-GST 
antibody and PVDF membrane was stained with Memstain to show equal loading. (D-G) ShHTL7 hydrolyzes GR24 to effect 
a C5H5O2-modification at catalytic residue H246 of ShHTL7. A triply charged peptide (244-NLGGPSVVEVMPTEGHLPHLSMP
EVTIPVVLR-262) of ShHTL7 with the GR24-derived C5H5O2-modification on H246 was identified by MS/MS (D and E, m/z = 
1167.6133); the modified peptide was isolated from trypsin digestion of ShHTL7 in the GR24-induced ShHTL7-MAX2-ASK1 
complex collected in SEC. As control, no modification on H246 of ShHTL7 was detected when ShHTL7 without pre-induction 
of GR24 was subjected to MS/MS analysis (F and G, m/z = 1135.6088). Labeled peaks in E and G correspond to masses of 
y and b ions of the peptide displayed on the top. Lowercase ‘h’ indicates the modified H246. (H) Schematic diagram of the 
proposed ShHTL7-mediated hydrolysis process of GR24. Hydrolysis of (+)-GR24 (1) involves a nucleophilic attack by S95 
which produces ABC-OH (2) and compound 3, and the generation of D-OH (6). The Nε2 of H246 attacks the aldehyde carbon 
of the S95-linked compound 3 to form the H246- and S95-linked linear compound 4, referred to as the covalently-linked 
intermediate molecule (CLIM). Compound 4 initiates an intramolecular nucleophilic attack to generate the H246-linked circular 
compound 5, which appears as C5H5O2-modification on H246 detected by MS/MS and indicates the existence of CLIM inside 
the MAX2-bound ShHTL7. Compound 5 will be further hydrolyzed from H246 to produce D-OH (6). Similar process of AtD14-
mediated GR24 hydrolysis can be found in our recent study [18]. (I) A simplified model of SL perception by ShHTL7. ShHTL7 
docks SL in the catalytic cavity, hydrolyses SL into a D-ring-derived intermediate (CLIM) that covalently binds inside ShHTL7, 
undergoes conformational changes, and interacts with ShMAX2/MAX2-based SCF complex and SMAX1 to trigger SL signal 
transduction and regulate seed germination.
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that generates and perceives the SL active form CLIM. 
Similar to D14 [18], ShHTL7 also hydrolyzes SLs into 
an active intermediate CLIM and covalently binds CLIM 
to interact with ShMAX2/MAX2 to stimulate seed ger-
mination (Figure 1I). As analyzed in our recent work [18], 
both compound 4 and 5 are the covalently linked SL 
hydrolysis intermediate that binds SL receptor, whereas 
density maps of SL-induced AtD14-D3-ASK1 complex 
crystal structure suggest compound 4 as the active form 
CLIM [18] (Figure 1H). Additional structural analysis is 
needed to test if compound 5 exists in SL-induced com-
plex of ShHTL7-ShMAX2/MAX2 or D14-D3/MAX2, 
thus serving as an active form of SL. 

The infestation of arable land by parasitic weeds 
including Striga threatens to spread in the developing 
countries endangering food security around the world. 
This study extends our understanding of how parasitic 
plants perceive and transduce SL signal to stimulate seed 
germination, thus providing tangible targets that new 
technology can aim to interfere for the purpose of effec-
tively combating parasitic plants.
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