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Supplementary Figure 1. TLKs sequence alignment. Sequence alignment of TLK2 from plants to human showing a
highly-conserved protein sequence around the predicted coiled-coil regions and the kinase domain. Red box and white
residue symbolise strict identity conservation. Red residue symbolises similar physicochemical properties. Blue frame
symbolises similarity across the group.
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Supplementary Figure 1. TLKSs sequence alignment. Sequence alignment of TLK2 from plants to human showing a
highly-conserved protein sequence around the predicted coiled-coil regions and the kinase domain. Red box and white
residue symbolise strict identity conservation. Red residue symbolises similar physicochemical properties. Blue frame
symbolises similarity across the group.
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Supplementary Figure 1. TLKSs sequence alignment. Sequence alignment of TLK2 from plants to human showing a
highly-conserved protein sequence around the predicted coiled-coil regions and the kinase domain. Red box and white
residue symbolise strict identity conservation. Red residue symbolises similar physicochemical properties. Blue frame
symbolises similarity across the group.
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Supplementary Figure 2.  Detailed scheme of the constructs used in this study. a) TLK2
Domain architecture and constructs. All the constructs were overexpressed, purified and validated by
mass spectrometry. Coiled-coil domains (Green), wild-type kinase domain (Blue), kinase-dead
domain D613A (Red), and C-tail (Yellow).



KdomL,
ccccESEEE ccccEEE
eEEEEEE EeEeEEE
N < © O v« v« «— N < © 0 v« v« «—

0.25pM| | | |
O.5pM| | | |
1pM|—-----..| | -.---|
M [eosww e
30h

AN-TLKp
.EE.E.E'E'E'E .EE.E.EEEE
EEEESSS EEEESSS
AN <t © 0O+~ v N < © 0O v~

0.25uM| | |
0.5uM [ | p——
M [EE S ee= | [ s ee--]

|

S

(o)

150000 1

100000 1

Rate [dE*/dT]

50000 -

200000+

150000+

100000+

Rate [dE*/dT]

50000 +

0

2 3 4
[uM] Kdom Lp

0

Supplementary Figure 3.

[uM] AN-TLK2p

Measured Intensity [A.U]

Measured Intensity [A.U]

Rate / [KdomLp]

Rate /[ AN-TLK2p]

Initial Velocities

KdomL [oE*AT]
20000007
— [0.5uM]
15000001 - [ouM]
[2.0uM]
-o- [4.0uM]
10000001
[UM] KdomLp|  Rate [dE*/dT]
X Mean SD
500000 1 0.5 | 1496 88
1.0 9963 624
2.0 | 44129 4259
0 4.0 | 90982 | 12861
0 4 6 8 10 12 14
Time [mins]
20000007 Initial Velocities — [0.5uM]
AN-TLK2 [pE*AT] == [1.0uM]
3 [2.0uM]
15000001 ° -o- [4.0uM]
10000001
[uM] AN-TLK2p|  Rate [dE*/dT]
o X Mean SD
i 0.5 1496 88
500000 1.0 | 9963 | 624
2.0 | 44129 4259
o —rﬁ”'—’/—/ 4.0 | 90982 | 12861
0 4 6 8 10 12 14
Time [mins]
25000 =
° L]
20000 =
15000 - [uM] KdomLp| Normalized Rate
0.5 2992.00
10000 1.0 9963.00
2.0 22064.50
5000 4.0 22745.50
L]
0 Ll L L] - L] - L
0 2 3 4
[uM] KdomLp
40000 =
30000 = .
[uM] AN-TLK2p | Normalized Rate
20000 0.5 8730.00
1.0 17004.00
2.0 28322.50
10000 . 4.0 36832.25
0 L L L] L L] - L}
0

2 3
[uM] AN-TLKZ2p

AN-TLK2 and Kinase domain Kinetics. a) SDS-PAGE and autoradiograms (left

panels) together with the initial velocity for AN-TLK2-p and its respective kinase domain (KdomLp) calculated
via densitometric measurements (right panels). b) Plots showing autophosphorylation rates. The tables show the
autophosphorylation rates normalized with the protein concentration present in each measurement (mean * s.d.,
n = 3 biological replicates).



ajelsisgqns
VEL9A-ZHTL-NV
dZMT1L-NV
IATL-NV
dszM11-NV
SZM1L-NV

V€ 19Q-Wopy
djwopy
Juopy
dswopy
Swopy

dgiN

[0.5uM]

ajelysgns
VEL9A-ZH1L-NV
dzZM11-NV
IA1L-NV
dsz)1L-NV
SZYIL-NV

V€ 19a-wopy
djwopy
Jwopy
dswopy
Swopy

N O ©
O < ™
1 | 1

N
©
|

- —

[e0]

N
i
1 3
3
5
¥
¥
i
13
L3
i
L

elisv

- 49
-38
-28

[0.5uM]

SDS-PAGE and autoradiograms of

substrates.
substrate phosphorylation by various TLK2 constructs showing a) MBP and b) ASF1a phosphorylation.

Phosphorylation of TLK2

Supplementary Figure 4.



a TLK2 AN-TLK2 b

10 20 30 40 50 200 : _
VJ’MEELHSLDP R'QELLEARF TGVGVSKGPL NSESSNQSLC SVGSLSDK. TEHSCSSOKQ |ntenSIty AN TLK2 VS. TLK2
100
210 220
ND mmapv ETSQG] ISDYFEF AGGSAPGTSP .
e S T — “""‘ — 0 rsromorgs ouerERISAL Ensxlln xm ——— s226
sn_.s SPQHSLSNPL PR'VEQPLYG LDGSAAKEAT EEQSALPTLM 300 2.0 - oo
160 170 190 200 _YK ERLNRCVTMS mcmGHFT
SVMLAKPRLD TEQLAQRGAG LCFTFVSAQQ NSPSSTGSGN TEHSCSSQKQ 310 320 330 340 350 s771
2 L p— ROQERINS QREEIER
ISIQHRQTQS nmmmsu — K_ll _- TVRHGASFTE OQWTDGYAFON LI 21;1; MLARRKPGPI:;[ g 33.30..
300 =
__\,R ERD NRCVTMS x_mcanxsm ooRiRrcrer  GOAPPATNEQ KORKSKINGA ENETPSSCNT ELKDTAPALG AHSLIRLTIA ~ © 1.5 $223
33 40 350 410 420 430 440 450 ]
T\IRHGASFTE QWTDGYAFQN LImQRK MLAKRKPPAM  EYHEQEEIFK LRIGHERKEE AEIQAELEm LKRIHNEDNS o
360 70 380 390 400 460 470 490 500 S $210
GOAPPATNEQ KQRKSKTNGA ENETPSSGNT ELKDTAPALG AHSLLRLTLA  OFRDHPTLND RYLLLHLLGR GGFSEVYKAF DLTEQRYVAVJKTHOENKNIR 2 S376
EYHEQEEiFK LRmEE AEIQAELERBVRNLHIRE LnIHNEDig 510 520 530 540 550 8’1 0 374
190 500  DEKKENYHKH ACREYRIHKE LDHPRIVKLY DYFSLDTDSF CTVLEYCEGN 2
anuvuun RYLLLHLLGR GGFSEVYKAF DLTEQRYVAVIKIHOUNKNAR 560 570 580 590 600 1 *5766
510 520 530 540 550  DLDFYLKQHK [MSEREARSI IMOIVNALKY LNEIKPPIIH YDLKPGNILL °S769 *s307
DEKKENYHKH Acmwxw DYFSLDTDSF CTVLEYCEGN 610 620 630 640 650 05 3218
560 70 58 590 600 yNGTACGEIK ITDFGLSKIM DDDSYNSVDG MELTSQGAGT YWYLPPECEV ’ . S763
DLDFYLKQHK mSI IMQIVNALKY LNETIKPPITH YDLKPGNILL 660 670 680 690 700 T309" 'S569 3770
10 62 630 640 650 . .
vwcmccmx L — MELTSQGAGT YWYLPPECEV vcx_-___ﬁ FGHNQSQQDI LQENTILKAT $450% ~T208 T751
660 670 680 690 700 710 720 750 S750 “‘sege
VGKEBPKISNIKVDVASVGVINEYOCEYGREP FGHNQSQODT LOENTILKAT — EVQFPPKPVV TPEAKAEIRR CLAYR“I DVQQLACDFY LLPHIRKSVS 4 ) 0 4
10 720 730 740 750 760 770
EVQFPPKPVV TPEAKABIRR CLAYRKEDRI DVQQLACDPY LLPHIRKSVS  TSSPAGAATA STSGASNNSS SN O(Avg Log2(AN- TLK2)
760 770
TSSPAGAAIA STSGASNNSS SN - Avg Log2(TLK2)
Intens. 7 +MS, 7.2-7.5min #(214-225
50001 794539
4000
3000
2000
1000 +
507.558 2360.928 2894.601
T
0 5[‘]0 j j j j 10‘00 j j j j 15‘00 j j j j 20‘00 j j j j 25‘00 j /.
m/iz
+MS, 7.2-7.5min, Deconvoluted (MaxEn
80 16
2000 2 3
70344.169 24 25
70441.978
1500 4 2 2 70523.488
70267.750 26
21 70598.930
1000+ 70185.185 27
70682.346
500 70105.593
70762.664
69833.213 70026.641
69943.428 70843.086
0 . . : ; : ; : ; : ; : .
69800 70000 70200 70400 70600 70800 Mass [Da]

Supplementary Figure 5. Mass spectrometry analysis of TLK2 and AN-TLK2. a) Overview of the TLK2 mass
spectrometry peptide coverage after expression in HEK293 cells. The tryptic coverage is marked in yellow, while
miss-cleaved peptides are shown in green These are a by-product of the tryptic protein digest and usually not as
abundant as the tryptic peptides. b) Differences in phosphorylation between TLK2 and AN-TLK2 constructs
expressed in HEK293 cells. The heatmap contains normalized log-transformed intensities for all 3 replicates of the
two conditions. The analysis shows a t-test with this dataset and attached the resulting Volcano plot. According to
this, sites S226, S771, S330, and S223 are significantly (p = 0.05) higher in phosphorylation in the truncated
construct. ¢) Positive ion ESI-TOF mass spectrum (top) and the deconvoluted spectrum (bottom) of intact AN-TLK?2
sample used in Fig 3. The number of phosphorylations are labelled in red. The shoulder peaks, which become the
dominant species at higher phosphorylation states have an added mass of 16 Da, which is likely due to oxidation of a
methionine residue.
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Supplementary Figure 6. Mass spectrometry analysis of TLK2, AN-TLK2 and AN-TLK2 heterodimer. a)
Schematic representation of a fusion TLK2 construct with two different tags, Twin-Strep-LSL tag on the kinase-
dead and a penta-His tag on a kinase active protein. SDS-PAGE showing the two proteins, Twin-Strep-LSL-AN-
TLK2-KD dead and penta-His-AN-TLK2 that were separated and extracted for trypsin digest and MS analysis. b)
Volcano plot based on t-test analysis showing a clear difference in phosphopeptides (marked in red) detected in
the AN-TLK2 and AN-TLK2-KD homodimers. ¢) Volcano plot based on t-test analysis comparing the AN-TLK2-
KD phosphopeptides in the context of the heterodimer and the homodimer. d) Volcano plot based on t-test
analysis comparing the phosphopeptides of AN-TLK?2 and AN-TLK2-KD in the context of the heterodimer.
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Supplementary Figure 7. TLK2 kinase domain regulatory segments. a) Sequence alignment of TLK kinase domains from various species
and the human PKA protein kinase. All the important elements in the kinase domain such as activation loop, activation segment, catalytic loop,
glycine-rich region, Magnesium-binding loop, R-spine and C-spine are highlighted. Localization of the TLK2 residues presumably involved in
the formation of the R-spine, and the C-spine was based on the localization of those residues in PKA. Localization of the important elements of
the kinase domain according to Ref 8 . Red box and white residue symbolise strict identity conservation. Red residue symbolises similar
physicochemical properties. Blue frame symbolises similarity across the group. b) Mapping of the R- and C- spines in the TLK2 kinase domain

structure.



Activation
Loop

P+1 loop

Supplementary Figure 8. Detailed view of the electron density map of the TLK2 kinase structure. The
characteristic region of the TLK family containing the activation loop and a section of the P+1 loop is shown.
The figure displays the 2mFo-DFc refined electron density map contoured at 1.2 c.
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Supplementary Figure 9. Activity assays for different TLK2 mutants. a) Representative autoradiograms of in vitro kinase
assays of Strep-pulldowns from cells expressing Strep-FLAG tagged TLK?2 phosphorylation site mutants (S>A) or mimics (S>D).
Results are quantified in Fig. 5b. b) Western blotting of input or Strep-pulldowns from AD293 cells transiently expressed with
Strep-FLAG tagged TLK2 mutants. Levels of co-purified ASF1 are shown. Short or long exposure of the same film is indicated as
(se) or (le), respectively. Histograms showing ID mutants phosphorylation of c) ASFla and d) MBP. Kinase autophosphorylation
profiles of the ID mutants when using e¢) ASFla and f) MBP as substrates. The data points indicate the relative kinase activity and
the autophosphorylation activity of the TLK2-mutants normalized to the activity of the wild-type protein (mean*s.d., n =3
biological replicates).




Figure 1D-E: Western (D) and autoradiographs (E)
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Supplementary Figure 10. Uncropped gels for figure 1D and 1E
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Supplementary Figure 11. Uncropped gels for figure 2a and 2¢
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Supplementary Figure 12. Uncropped gels for figure 5d



Figure 6A: autoradiographs and Coomassie

Supplementary Figure 13. Uncropped gels for Figure 6A autoradiograph and coomassie



Supplementary Figure 3a
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Supplementary Figure 14. Uncropped gels for Supplementary figure 3a



Supplementary Figure S8A-B: autoradiographs (A) and Western (B)
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Supplementary Figure 15. Uncropped gels for Supplementary figure 8a-b



Construct TLK2 primer

name DNA sequence

InFusion

Cloning

Vector fwd gcttgcggecgcataatgettaag

Vector rev ctggctgtggtgatgatggtgat

KdomsS fwd catcaccacagccagGATCCACAATTT
KdomS (451-753)

KdomS rev tatgcggccgcaagct TTTAGCTACTT

KdomL fwd catcaccacagccagCAATTTAAAGATCATCCAACGCTAAATGACAGA
Kdoml (451-772) KdomL rev tatgcggccgcaageTCAATTAGAAGAACTGTTATTGGACGCCC

AN _TLK2 fwd catcaccacagccagACAGAGCATTCCTGCAGCTCCC
AN_TLK2 (191-772) AN_TLK2rev tatgcggccgcaagcTCAATTAGAAGAACTGTTATTGGACGCCC

AN_TLK2s fwd catcaccacagccagACAGAGCATTCCTGCAGCTCCC
AN_TLK2s (191-753)

AN TLK2srev tatgcggccgcaagctTTTAGCTACTT

SDM primer
name DNA sedquence
D613A D613A_Fwd GTGGAGAGATAAAAATTACAGCATTTGGTCTTTCGAAGATCATGGATGATG
D613A_Rev CATCATCCATGATCTTCGAAAGACCAAALGCTGTAATTTTTATCTCTCCAC
H493R H493R_Fwd TGTGAAAATTcgcCAGTTAAATAAAAAC
H493R_Rev GCTACGTATCTTTGCTCTG
H518R H518R_Fwd ATACCGGATTcgcAAAGAGCTGGATC
H518R_Rev TCCCTACATGCATGCTTG
H518N H518N_Fwd ATACCGGATTaacAAAGAGCTGGATC
H518N_Rev TCCCTACATGCATGCTTG
R720A R720A_Fwd GTTTATTCGAgCcCcTGCTTGGCCTACCGAAAG
R720A_Rev GCCTTTGCTTCAGGTGTT
D629N D629N_Fwd CAATTCAGTGaacGGCATGGAGC
D629N_Rev TAGCTATCATCATCCATG

Supplementary Table 1. TLK2 Primer sequences. All SDM were carried out using Q5 SDM Kit (NEB)
except for D613 A that was performed using QuickChange II Kit (Agilent). The lambda phosphatase was
cloned into MCS2 of a pET Duet vector using the traditional restriction enzymes cloning (BamHI and
HindIID).



1st G-Block Codes for Twin-Strep_LSL and a part of TLK2

CATATGatggatagcgcttggagccacccgcagttcgagaaaggtggaggttccggaggtggatcgggaggtggatcg
tggagccacccgcagttcgaaaaaggcgccageggtgtagatctgggtaccATGACCGACATCTACATCCCGCCGGAG
GGTCTCTACTTCCGCCTCCTTGGCTTTGCCAGTCGGCAGGTGATCTTCGCGCGCAACTCTCCCTCTCCCGATGTTGGT
CTGTCTCCGGTCAACGACCAGGCTACCGACCAGTACTTCTCGCTCATCTACGGCACTGGAGAACACGCCGGTCTCTAC
GCGATAAAGAGCAAAGCGACGGGCAAGGTGCTCTTCTCGCGTAGGCCTGCGGAACCGTATGTGGGCCAAATCGATGGC
GACGGGCGTTATCCCGACAACTGGTTCAAGATTGAGCCAGGAAAGACCTATCTCTCCAAATATTTCCGGCTCGTTCAG
CCGTCGACTGGCACCGCGCTTGTCTCGCGCACGCATTTGCAGCCATACTTCTGGAATCACCCTCAGACTGAAGTCTTC
GACGACCAATACTTCACCTTCCTCTTCGAGGATgagaacctgtacttccaatccACAGAGCATTCCTGCAGCTCCCAA
AAACAGATCTCCATCCAGCACAGACAGACCCAGTCCGACCTCACAATAGAAAAAATATCTGCACTAGAAAACAGTAAG
AATTCTGACTTAGAGAAGAAGGAGGGAAGAATAGATGATTTATTAAGAGCCAACTGTGATTTGAGACGGCAGATTGAT
GAACAGCAAAAGATGCTAGAGAAATACAAGGAACGATTAAATAGATGTGTGACAATGAGCAAGAAACTCCTTATAGAA
AAGTCAAAACAAGAGAAGATGGCGTGTAGAGATAAGAGCATGCAAGACCGCTTGAGACTGGGCCACTTTACTACTGTC
CGACACGGAGCCTCATTTACTGAACAGTGGACAGATGGTTATGCTTTTCAGAATCTTATCAAGCAACAGGAAAGGATA
AATTCACAGAGGGAAGAGATAGAAAGACAACGGAAAATGTTAGCAAAGCGGAAACCTCCTGCCATGG

2nd G-Block code for the rest of the TLK2 protein (with the D613A mutation)

CCATGGGTCAGGCCCCTCCTGCAACCAATGAGCAGAAACAGCGGAAAAGCAAGACCAATGGAGCTGAAAATGAAACGC
CCTCTTCTGGGAATACAGAGCTAAAGGATACAGCCCCAGCCTTAGGAGCCCACAGTTTACTTAGGTTAACGTTAGCAG
AATACCATGAACAAGAAGAAATCTTCAAACTCAGATTAGGTCATCTTAAAAAGGAGGAAGCAGAGATCCAGGCAGAGC
TGGAGAGACTAGAAAGGGTTAGAAATCTACATATCAGGGAACTAAAAAGGATACATAATGAAGATAATTCACAATTTA
AAGATCATCCAACGCTAAATGACAGATATTTGTTGTTACATCTTTTGGGTAGAGGAGGTTTCAGTGAAGTTTACAAGG
CATTTGATCTAACAGAGCAAAGATACGTAGCTGTGAAAATTCACCAGTTAAATAAAAACTGGAGAGATGAGAAAAAGG
AGAATTACCACAAGCATGCATGTAGGGAATACCGGATTCATAAAGAGCTGGATCATCCCAGAATAGTTAAGCTGTATG
ATTACTTTTCACTGGATACTGACTCGTTTTGTACAGTATTAGAATACTGTGAGGGAAATGATCTGGACTTCTACCTGA
AACAGCACAAATTAATGTCGGAGAAAGAGGCCCGGTCCATTATCATGCAGATTGTGAATGCTTTAAAGTACTTAAATG
AAATAAAACCTCCCATCATACACTATGACCTCAAACCAGGTAATATTCTTTTAGTAAATGGTACAGCGTGTGGAGAGA
TAAAAATTACAGCGTTTGGTCTTTCGAAGATCATGGATGATGATAGCTACAATTCAGTGGATGGCATGGAGCTAACAT
CACAAGGTGCTGGTACTTATTGGTATTTACCACCAGAGTGTTTTGTGGTTGGGAAAGAACCACCAAAGATCTCAAATA
AAGTTGATGTGTGGTCGGTGGGTGTGATCTTCTATCAGTGTCTTTATGGAAGGAAGCCTTTTGGCCATAACCAGTCTC
AGCAAGACATCCTACAAGAGAATACGATTCTTAAAGCTACTGAAGTGCAGTTCCCGCCAAAGCCAGTAGTAACACCTG
AAGCAAAGGCGTTTATTCGACGATGCTTGGCCTACCGAAAGGAGGACCGCATTGATGTCCAGCAGCTGGCCTGTGATC
CCTACTTGTTGCCTCACATCCGAAAGTCAGTCTCTACAAGTAGCCCTGCTGGAGCTGCTATTGCATCAACCTCTGGGG
CGTCCAATAACAGTTCTTCTAATTGACTCGAG

Supplementary Table 2. Cloning strategy for heterodimer ATLK2- ATLK2 KD

The plasmid containing 6xHis AN _TLK2 was digested with Ndel and Xhol (MCS2 of pET_Duet)

Two inserts obtained from G-Blocks were then ligated after restriction enzyme digests:

1st G-Block was digested with Ndel / Ncol and the 2nd G-Block was digested with Ncol /Xhol to produce a
heterodimer ( 6xHis AN _TLK2 and TwinStrepTAG_LSL AN TLK2 KD).



Lysis Buffer

20mM Tris, 500mM NaCl, 20mM Imidazole, 0.2 mM TCEP, pH8.8,
protease inhibitor (1/50ml)

HisTrap Chealting HP (5ml)
Buffer A (Binding buffer)

20mM Tris, 500mM NaCl, 20mM Imidazole, 0.2 mM TCEP,

HisTrap Chealting HP (5ml)
Buffer B (Elution buffer)

20mM Tris, 25mM NaCl, 500mM Imidazole, 0.2 mM TCEP, pH8.8

HiTrap Q HP (1ml)
Buffer A (Binding buffer)

20mM Tris, 25mM NaCl, 0.2 mM TCEP, pH8.8

HiTrap Q HP (1ml)
Buffer A (Elution buffer)

20mM Tris, 1.0 M NaCl, 0.2 mM TCEP, pH8.8

Superdex 75 16/60
SEC Buffer

20mM HEPES, 150 mM NaCl, 0.2 mM TCEP, pH7.5

Supplementary Table 3. TLK Purification buffers.



