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Table1 El, E2, E3 and DUB are involved in the synthesis of different ubiquitin chains
Link type Lys6 Lysl11 Lys29 Lys33 Lys48 Lys63 M1
El UBEI UBEI UBEI UBEI UBELI UBELI UBEI
E2 UBE2L3 UBE2S-UBD UBE2L3 UBE2L3 E2-25K Ubcl13- MMS2  UBcHS5c
E3 NleL UBE3C AREL1 HOIP
ATP regeneration ATP 10 mmol/L, 10 mmol/Lphosphocreatine, creatine kinase 0.002 U/ml, inorganic-pyrophosphatase 0.5 umol/L

Reaction buffer

Time/temperature 3 h, 37°C 3 h,37°C O/N, 37°C
Non-specific link  50% K6, 90% K11, 25% K29, 60%
50% K48 10% K63 K48, 10% K11, 5% other
DUB OTUBI1 AMSH OTUBI1, AMSH, Cezanne

40 mmol/LTris-HCI, pH 8.5, 10 mmol/LMgCl,, 0.5 mmol/LDTT

O/N, 37°C
35% K33, 35% K11,
20% K48, 5% other
OTUBI, Cezanne

6h,25°C 6h, 25°C 3h,25°C

E2-M1 His e
E2-K6, 29,33 His =

E2-K11 GST ]
E2-K48 His == T7-epitope
E2-K63 UBCI3 (P52490)

E3-M1 His e

UBE2S (Q16763, 2-195)

=== Hig —

UBCHSC (P61077, 2-147)

UBE2L3 (P68036)

== Is0T-ZnF-UBP (P45974, 173-289)
= E2-25K (P61086)

MMS2 (P53152)

HOIP-RBP-C (P96EPO, 697-1 072)

E3-K6 GST = NIeL (AOAOD6ZN92, 170-782)
E3-K29 His = SMT3 (Q12306, 2-98) - UBE3C (Q15386, 693-1 083)
E3-K33 His == SMT3 (Q12306, 2-98) — ARELLI (Q15033, 433-823)
DUB-K11 GST - Cezanne (Q6GQQ9, 53-446)

DUB-K48 His

DUB-K63 His ==

STAM?2 (088811, 5-188) —

OTUBI (Q96FW1, 40-271)

AMSH (095630, 243-424)

Fig.1 Schematic diagram of the amino acid structure of E2, E3 and DUB (UniProt ID and the corresponding amino acid

number are shown in the brackets)
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Table 2 The construction strategy of the distal and
proximal subunits of different di—ubiquitin

Link type Proximal subunit Distal subunit
M1-diUb GUb Ub-77D
K6-diUb Ub-K6R-K48R Ub-K48R-77D
K11-diUb Ub-K11R-K63R Ub-K63R-77D
K29-diUb  Ub-K11R-K29R-K48R Ub-K11R-K48R-77D

K33-diUb Ub-K11R-K33R-K48R-K63R Ub-K11R-K48R-K63R-77D
K48-diUb Ub-K48R Ub-77D
K63-diUb Ub-K63R Ub-77D

1% JUL 2 4 B . 0.5 mmol/L Ppase ( JCHLAE #5 iR 1k
fitf ) . 10 mmol/L MgCl,, 0.5 mmol/L DTT, pHS.0,
FE25°CAMF T IO 6 hi2 Ay CHAb A S 32 7 =0
MAKRZRVIKAS &%), Rz ZEERIE, W
RAFERE R A, I YUHL B Y X2 v 1)
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L MS identification of K63-diUb
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Fig.2 Mass spectra of di— and tri-K63 polyUb

The upper and lower figures respectively indicate the mass spectrums of K63-diUb and K63-triUb, and the theoretical molecular mass is consistent

with the apparent molecular mass.
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Fig. 3 Deubiquitinating enzymes participate in the preparation of different types of polyubiquitin chains

(a) The SDS-PAGE gel of different types of polyubiquitin chains. The first lane is the marker, the second lane is the pre-reaction sample without

ubiquitin, and the third lane is the sample after 3 h of reaction. (b) A cationic column for separating polyubiquitin. (¢) The protein purification

diagram of M1 polyUb. (d) The mass spectrum of M1-diUb.

"H-"N-HSQC i &l R fF T 7 A= A1 yZ 2 A0 Bl R 1k
. [FFE, it S6SARAEM A, XMI. K48,
K63diUb A7 bt MV JE FI T B W 356 P e i b TR A 7
TRIE, it — R BERRASIE, REISIESA R
12 RN RN IEARRE S B B IR Ak . (PR A LY
MMEAAEE, AR BERR A, s U
AN TR] S 5 14 B T8 A6 IG5 an a3 7 AR G2 Y
5%
24 HFEZERENHIEER

K11/K48 73317 Ak il 2%, B e Za il 4% K48
TREZFR., BRI RIBRG G R, i
Ui FE Y K48 878 R, B 1wl Hofth iz R AE i 37
A8 i 5, FEVT SRR Comhn BRI D77, X2
ST R A AR A B 1 C o, AT ] B
W . ZJ5, L Ub-KI1IR-K48R ZEAE (K Ky

KI11/K48 43 3¢ Bl 37 R85 W & g — > W % .
Ub-K11R-K48R RARAN H B0 176 v i f v
A2 i K11-diUb #1 K48-diUb, $RJ5 LA3E 1 W K11 (1)
HEAAR R NS, B AL R K11/K48 7 S Bz %
H5 . {BJEf T UBE2S-UBD AR S AR, BT
RERSAE KIS R, BBREAE K63 v i b, [
252 W 10% B K63 i #60 Rtk . R T B BIE L
1) K63 HE 4577 Ak, FEHm LM SOV AR R om A
DUB [iff AMSH., 44X, KI11/K48 73712 K55 4%
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Fig. 4 Identification of phosphorylated ubiquitin and branched ubiquitin
(a, b) The mass spectra and phos-Tag gel of Ub and pUb, respectively. (c) The SDS-PAGE gel of OTUBI1 degradation of K11/K48 branched ubiquitin
chain at different times. The branched Ub is finally degraded into K11-diUb and Ub. (d) A cartoon schematic diagram of K11/K48 branched ubiquitin

chain.
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Abstract Objective In order to prepare ubiquitin samples with different chain types, different chain lengths
and phosphorylation modifications. Methods This study mainly uses the biological enzymatic method to
describe the preparation routes of the above samples. There are two main methods, the first method is to add
ubiquitin monomer one by one and then extend the ubiquitin chain; the second is to prepare mixed polyubiquitin
chains through an enzymatic reaction, and then purify and separate these mixed chains. Results The
experimental results show that both methods can achieve the purpose of preparing polyubiquitin chains. Further,
phosphorylated ubiquitin samples were prepared by phosphorylation of ubiquitin. K11/K48 branched chain
ubiquitin was prepared by K11 and K48 ubiquitinase. Conclusion In short, based on the above preparation route
of the ubiquitin chain, it is possible to further perform post-translational modifications such as phosphorylation
modification on different subunits of different link forms. The site-specific attachment of a prosthetic probe and
isotope labeling on different subunits allowed us to perform NMR and FRET measurements. In summary, these
methods presented here can provide reference and help for scientists involved in Ub research.
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