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Metabolic coupling of two small-molecule thiols
programs the biosynthesis of lincomycin A

Qunfei Zhao', Min Wang'*, Dongxiao Xu', Qinglin Zhang” & Wen Liu™?

! i for their A e
e lincomy 1(E s molecule, the C8-sugar unit s
- ia,the  appended to MSH via an .5 linkage (Supplementary Text) identical
primary thi imyl-containing tripep- 7 h
de.l disaccharid in A, albei ield, indicating that an add!
is dominant i i i ing anibioti il e the partially
MSH i equi-

valent to GSIH, either a5 a cofactor or s substrate, in numerous

i PR
neine(EGT)
oy plants and il for varisble physiclogcal actviis’. The imole
‘ment of EGT in enzymatic reactions, however, lacks any precedent.
Here e roport that the unprecsdeated coupling ot bacteral
hiols MSH and EGT,

. EGT
lar asserably, and MSTH s the sulfur donor forlincomycin matura-

ctivation and

odificat paradign bio-
chemical processes and for the poarly understood MSH-dependent

ubiquitous in living systems.
Fig

the conjugation of MSH to an electrophilic toxin. An amidsse, Mea,
i

UGN ) s
i

dct common i GSEmedated bl mg 1bl.In xm

b
MSH S-conjugation is associted with the pm&um of these anti-
biotics.L ofan N-mthylated 4-propyi

(PPL

ah 1 (Fig 1), Ce
o RN,

Thisfact,

structure, leads 1o the proposal that MSH S-conjugarion has a con-
structive role n lincomyein biosynthesis by supplying sulfur rather

thesis, we inactivated ImbE, a mea orthologue that is located in the

y v gene cluster
sis (Extended Data Fig 21).
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Complementary Sequence-Mediated

Exon Circularization

Xiao-Ou Zhang,'* Hai-Bin Wsll;" A4 Yang Zhang,” Xuhua Lu,? Ling- Ung Chm"“ and Li v-nu“
P Biology,

ey Lahorglry
Sciences, Cinase Acadamy of Scences Shanghal o, e
Bology, Sha

2State Key umm of Molecuar

Department of
Co-first authors.

acen (LG,
/i dos.org/10.10164.0e8.2014.09.001

SUMMARY

Exon circularization has been identified from many
loci in mammals, but the detailed mechanism of
e Eigdiea S Has ernainc]. fiaie B
genome-wide approaches and circular ANA
ulation, we demonstrate that exon circularization is
dependent on flanking intronic complementary se-
quences. Such sequences and their distribution
exhibit rapid evolutionary changes, showing that
axnn circularization is evolutionarily dynamic. Strik-

)

Recertly, circular FiNAS from human INKds/ARF (Burd et al,
2010)and CDRY (Harsen et &, 2013: Hansen et al, 2011) loci
were ideniified and suggested 1o affect human atheroscierosia
risk o regulats mRNA expression, thus shedding new light on
physiological rales of Circular ANAS. With the advent of nigh-
throughput sequencing from nonpolyadenylated RNA. tran-
scripts, thousands of Circuiar RNAS fiom back-spliced exons
were successiully identified in mulipie human cell fines (Jeck
etal, 2013; Memczak ol al, 2013; Saizman et al 2012, 2013,
with suggested function as mIANA. sponges (Harsen el al.
2013; Memczak et al., 2013). However, only a few of such circu-
far ANAS contain mumpu binding sites 10 tap one particular

o cnmpelmnn between RNA palrng across fianking
introns or introns.

MIRNA {Jeck . 2014; Guo et al, 2014).
Mos:chces ks om hackesplicad ancrs are il st

native fermation of inverted repeated Al pairs amd

circularization, resulting in multiple circular RNA
transcripts produced from a single gene. Collec-
tively, exon circularization mediated by complemen-
tary sequences in human introns and the potential to
generate alternative products extend

ek el b sl oo, ), poeakly

pirigilaonseubibirkon transtripts wers generall ex-

fow leveis compared with inear RNAs (Saizman
st 31, 2012; 2013, Bioiformaic analyses revealed that back-
spiiced exans were generaly fianked by longer ntrans, and the
existence of Al elements in flanking inirons was computation-
ally predited 1o be highly associated with the: formation of

the complexity of mammalian nnsmranscnpmnal
regulation.

INTRODUCTION

Covalently closed clrcular RNA e e originally found

tis & vinag (KKos et al 1986). Later, mdmm circular RNAs
processed from pre-mANAs were identiied n both human
Ets-1 (Cacquersbe et al, 1962: Nigro et al., 1997) and mouse
Sty (Capsl et al, 1953) genes. The presence of inverted se-
quences in flanking introns was suggssted 1o ba Grutial for
mouse Sy circularization (Ouin et 2., 1995, especially with
longer exon Crcularization (Pasman et al. 1996} Howeve

RNAS (Jeck et ot 2013), However, direct exper-
imental evidence and detaled mechanismis) supporting fhis
madel were il lacking.

Here, we take advaniage of nenpolyadenylated and ANase
Retreated RANA-seq from H9 human embryanic stem celis

junctans and systematicaly characterize circular ANAS. Impor-
tantly, we have recapitdated circular RNA fomatin from a
unique exprassion vector and offer muliple fines of evidence
to5upport the conclusian that circuiar ANA formation Is depen-

re-

o nomrepeitive slements. Strikingly, such sequences
axhiblt rapid evolutionary changes among mammals, showing
thal exen circularizatin (s evaiulicnary dynamic. Furthermare,
w8 show that m e st wkinii raqmshﬂ by

‘expression levels wera reported to be very low, suggasting that

pairing by
s hiniyis gl i flanking introns, Niaraive

1983)
and thus fixely lacking ticlogical functian.

Htion betwaen them lead 1o altemative circulasization, resuling
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TBX6 Null Variants and a Common
Hypomorphic Allele in Congenital Scoliosis

N. Wu, X. Ming; J. Xiao, Z. Wu, X. Chen, M. Shinawi, Y. Shen, G. Yu, J. Liu, H. Xie,
Z.5. Gucev, 5. Liu, N. Yang, H, Al-Kateb, . Chen, Jian Zhang, N. Hauser

. Zhang, V. Tasic, P. Liu, X. Su, X, Pan, C. Liu, L. Wang, Josepk
Jianxiong Shen, Y. Chen, T. Zhang, Jianguo Zhang, K.W. Chey, Ju"WA'yg

Q. Wang, §. Ui, W. Zhou, J. Guo, Y. Wang, €. Zhang, H. Zhao, Y. An, Y. Zhao,

Jiucun Wang, Z. Liu, V. Zuo, Y. Tian, X. Weng, V.R. Sutton, H, Wang, Y. Ming,
5. Kulkarni, T.P. Zhong, P.F. Giampietra, 5.L. Dunwoadie, SW. Cheung,

Zhang, L. Jin, J.R. Lupski, G. Qiu, and F. Zhang

ABSTRACT

sackcrouno
Congenital scoliosis is a comman type of vertebral malformation. Genetic suscep-
tibiliy has been implicated in congenital scoliosis.

meTHOOS
We evaluated 161 Han Chinese persons with sporadic congenital scoliosis, 166 Han
Chinese controls, and 2 pedigree, family members of which had a 16p11.2 dele-

I

The authers lnsmes, scademic degrees,
andaffiiations are bsted in the Appendis.

atthe tate Key Laboratory of Genetic Eng.-
ook S et U
versty, 2008 Song HuRd, Shanghai 200434,
G, ot Sanang BTG
10 D1 Guizing Qu at the Departmet of

tion, using nomic
reaction analysis, and DNA sequencing. We carried out tests of mpncanon using an
additional series of 76 Han Chincse persons with congenital scoliosis and a multi-
center serics of 42 persons with 16p11.2 deletions.

resurs
‘We identified a total of 17 heterozygous TBX6 null mutations in the 161 persons
with sporadic congenital scoliosis (11%); we did not observe any null mutations in
TBX6 in 166 controls (Pe3.8x10). These null alleles include copy-number variants
(12 instanees of a 16p11.2 deletion affecting TBX6) and single-nucleotide variants
(1 nonsense and 4 frame-shift mutations). However, the discordant intrafamilial
‘phenotypes of 16p11.2 deletion carriers suggest tha heterozygous TAX6 null muta-
tion is insufficient to cause congenital scoliosis. We went on to identify a commion
TBX6 haplorype as the second risk allele in all 17 cartiers of TB%6 null mutations
(P<1.1x10), Replication studies involving additional persons with congenital sco-
liosis who carried a deletion affecting TBXS confirmed this compound inheritance
model. In vito funcrional assays mggemd shat the sisk haplorype s by pomosph
e allele. are d congenital scoliosis.

concwwsions
Compound inheritance of 2 rare null mutation and a hypomorphic allele of T&xs
accounted for up to 11% of congenital scoliosis cases in the series that we analyzed.
(Funded by the National Basic Research Program of China and others.)

WENGL) MED 3724 NUM.ORG JANUARY 22,2015
The New England Joumal o Medicine
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Copyright € 2015 \m\m«n, Medical Sacisty, Allrights reserved.
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(Lancet, dGlobal Burden of Disease Study 2016, GBD)
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Inge M L Ahout.et al. Prospective observational study in two Dutch hospitals to assess

theperformance of inflammatory plasma markers to determine disease severity of viralrespiratory

tract infections in children. Bmj Open, 2017.
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