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The 14-3-3 pro teins, a fam ily of highly con served scaf fold -
ing pro teins ubiq ui tously ex pressed in all eukaryotic cells,
in ter act with and reg u late the func tion of sev eral hun dreds
of part ner pro teins. Yeast neu tral trehalases (Nth), en zymes 
re spon si ble for the hy dro ly sis of trehalose to glu cose, com -
pared with trehalases from other or gan isms, pos sess dis -
tinct struc ture and reg u la tion in volv ing phos pho rylation at
mul ti ple sites fol lowed by bind ing to the 14-3-3 pro tein [1].

Here we re port the crys tal struc tures of yeast Nth1 and
its com plex with Bmh1 (yeast 14-3-3 isoform), which, to -
gether with mutational, hy dro gen/deu te rium ex change
cou pled to mass spec trom e try and flu o res cence stud ies, in -
di cate that the bind ing of Nth1 by 14-3-3 trig gers Nth1’s
ac tiv ity by en abling the proper 3D con fig u ra tion of Nth1’s
cat a lytic and cal cium-bind ing do mains rel a tive to each
other, thus sta bi liz ing the flex i ble part of the ac tive site re -
quired for ca tal y sis [2-4]. The pre sented struc ture of the
Bmh1:Nth1 com plex high lights the abil ity of 14-3-3 to
mod u late the struc ture of a multidomain bind ing part ner

and to func tion as an allosteric effector. Fur ther more, com -
par i son of the Bmh1:Nth1 com plex struc ture with those of
other 14-3-3 pro tein com plexes re vealed sim i lar i ties in the
3D struc tures of bound part ner pro teins, sug gest ing the
highly con served na ture of 14-3-3 af fects the struc tures of
many cli ent pro teins.
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Apoptosis sig nal-reg u lat ing kinase 1 (ASK1) is a mem ber
of the mitogen-ac ti vated pro tein kinase (MAPK) cas cade,
an es sen tial part of the cell de fence sys tem against stress -
ors. The func tion of ASK1 is as so ci ated with the ac ti va tion
of apoptosis in var i ous cells, the reg u la tion of ASK1 de -
pends on sev eral stim uli, in clud ing ox i da tive stress (pres -
ence of ROS) and there fore, ASK1 plays a key role in the
pathogenesis of many dis eases in clud ing can cer, neuro -
degeneration and car dio vas cu lar dis eases. The ac tiv ity of
ASK1 is reg u lated by its in ter ac tion with mul ti ple pro teins; 
cur rent re search is fo cused on two phys i o log i cal in hib i tors, 
mam ma lian thioredoxin (TRX) and the 14-3-3 pro tein [1].
ASK1 is un der nor mal con di tions in an in ac tive com plex
with bound TRX and 14-3-3. As a re sponse to ox i da tive

stress con di tion, TRX and 14-3-3 dis so ci ate and ASK1 be -
come ac tive. How ever, the mo lec u lar mech a nism of the
ASK1 ac ti va tion is still not fully un der stood, as there are
al most no struc tural data avail able. There fore, the aim of
this study was the struc tural char ac ter iza tion of the TRX-
 bind ing do main of ASK1 (ASK1-TBD) and ASK1- TBD: 
TRX com plex for ma tion.

We have pre vi ously shown that ASK1-TBD forms with 
TRX well de fined and sta ble com plex un der re duc ing con -
di tions. Site-di rected mu ta gen e sis re vealed that for ma tion
of disulfide bond be tween Cys32 and Cys35 in a TRX mol -
e cule is the main fac tor re spon si ble for com plex dis so ci a -
tion un der ox i da tive stress. ASK1-TBD con tains seven
cysteine res i dues with the res i due Cys250 be ing the only
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cysteine which is both sol vent ex posed and es sen tial for
TRX bind ing in re duc ing con di tions. The ox i da tive stress
also in duces intramolecular disulfide bonds for ma tion
within ASK1-TBD and af fects its struc ture in regions
important for TRX1 binding [2,3]. 

In this study we pres ent struc tural char ac ter iza tion of
the reg u la tion of ASK1 via struc tural model of ASK1-TBD 
in both re duced and ox i dized con di tions and ASK1-TBD:
TRX com plex based on sparse NMR data, crosslinking
mass spec trom e try and small-an gle x-ray scat ter ing
(SAXS) data.
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Phosphatidylinositol 4-kinase IIIb (PI4KB) is re spon si ble
for the syn the sis of the Golgi and trans-Golgi net work
(TGN) pool of phos pha tid ylinositol 4-phospahte (PI4P).
PI4P is the de fin ing lipid hall mark of Golgi and TGN and
also serves as a sig nal ing lipid and as a pre cur sor for higher
phosphoinositides. In ad di tion, PI4KB is hi jacked by many 
sin gle stranded plus RNA (+RNA) vi ruses to gen er ate
PI4P-rich mem branes that serve as vi ral rep li ca tion
organel les. Given the im por tance of this en zyme in cells, it
has to be reg u lated. 14-3-3 pro teins bind PI4KB upon its
phosphorylation by pro tein kinase D, how ever, the struc -
tural ba sis of PI4KB rec og ni tion by 14-3-3 pro teins is un -
known. We re cently char ac ter ized the PI4KB:14-3-3
pro tein com plex bio physi cally and struc tur ally. We dis -
cov ered that the PI4KB:14-3-3 pro tein com plex is tight and 
is formed with 2:2 stoichiometry. Sur pris ingly, the en zy -
matic ac tiv ity of PI4KB is not di rectly mod u lated by 14-3-3 
pro teins. How ever, 14-3-3 pro teins pro tect PI4KB from
proteolytic deg ra da tion in vi tro. Our struc tural anal y sis re -

vealed that the PI4KB:14-3-3 pro tein com plex is flex i ble
but mostly within the dis or dered re gions con nect ing the
14-3-3 bind ing site of the PI4KB with the rest of the PI4KB 
en zyme. It also pre dicted no di rect mod u la tion of PI4KB
en zy matic ac tiv ity by 14-3-3 pro teins and that 14-3-3 bind -
ing will not in ter fere with PI4KB re cruit ment to the mem -
brane by the ACBD3 pro tein. In ad di tion, the struc tural
anal y sis ex plains the ob served pro tec tion from deg ra da -
tion; it re vealed that sev eral dis or dered re gions of PI4KB
be come pro tected from proteolytical deg ra da tion upon
14-3-3 bind ing.

Re cently we also struc tur ally char ac ter ized PI4KB:
ACBD3 and PI4KB:ACBD3:3A pro tein com plexes that
re vealed sur pris ingly large flex i bil ity of these pro tein
assemblies.
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