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The low sol u bil ity and poor ex pres sion of re com bi nant
pro teins are of ten a bot tle neck in dif fer ent bio tech no log i cal 
and phar ma ceu ti cal ap pli ca tions as well as in fun da men tal
re search, where high con cen tra tions of pu ri fied pro tein are
of ten es sen tial. Poorly sol u ble pro teins tend to ag gre gate.
The pres ence of pro tein ag gre gates is as so ci ated with var i -
ous neurodegenerative dis eases. There fore, un der stand ing
of the ba sis of pro tein sol u bil ity and expressibility and de -
vel op ment of meth ods for their im prove ment are of great
in ter est in many ar eas of re search and de vel op ment, in clud -
ing struc tural bi ol ogy and bio chem is try, in dus trial bio tech -
nol ogy and med i cine. 

An in crease in pro tein’s sol u ble ex pres sion can of ten be 
achieved us ing con ven tional meth ods, e.g., op ti mi za tion of 
the host or gan ism, mod i fi ca tion of growth me dia, and ex -
pres sion at low tem per a ture. An al ter na tive ap proach is to
mod ify the pro tein’s amino acid se quence. Ef forts have
been made to ap ply ar ti fi cial in tel li gence (ma chine learn -
ing) for pre dict ing solubilizing mu ta tions based only on the 
pro tein’s amino acid se quence. How ever, cur rently avail -
able pre dic tion tools are not very ac cu rate and re li able [1].
The qual ity of ma chine learn ing pre dic tions strongly de -
pends on the size and qual ity of the ex per i men tally ac -
quired train ing data sets [2]. In this work, we in tro duce
meth ods for high-through put anal y sis of pro tein sol u bil ity,
which are sub se quently ap plied for the as sess ment of the
ef fects of mu ta tions on pro tein sol u bil ity. We adopted two
gen eral ap proaches, the split-GFP [3] and split-NanoLuc
[4] tech nol o gies, and tested them in dif fer ent ex per i men tal

for mats. The split-GFP sys tem was used in com bi na tion
with col ony fil tra tion us ing an im mo bi lized bead as say [5],
while the split-NanoLuc complementation ap proach was
tested in a microtiter plate-based as say. Both meth ods are
eval u ated us ing a set of model pro teins of vary ing sol u ble
ex pres sion to as sess their sen si tiv ity, re li abil ity and screen -
ing ef fi ciency. The meth ods can pro vide the ca pac ity to
screen li brar ies of ap prox i mately 104-105 pro tein vari ants
per screen ing cam paign. The data col lected will serve as a
train ing set for the de vel op ment of novel tools for the pre -
dic tion of pro tein sol u bil ity.
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The 14-3-3 pro teins rep re sent a large group of dimeric pro -
teins. Spe cif i cally, the 14-3-3 fam ily con sists of 7
isoforms, that can form many homo- and heterodimeric
states, not even ac count ing for the pos si bil ity of chang ing
the oligomerization prop er ties by posttranslational mod i fi -
ca tions such as phosphorylation. The func tions of 14-3-3
are very of ten de pend ent on the dimeric state. There fore,
the pa ram e ters of oligomerization are very in ter est ing in
or der to cor rectly un der stand the reg u la tion of 14-3-3 it -
self.

In our study, we fo cused on the zeta isoform (most
abun dant isoform in hu man brain, also form ing most sta ble
dimers) and its phosphorylated form. Us ing stan dard bio -
phys i cal meth ods we have only seen that the Kd is lower

than 1 mM. There fore, we de signed very sen si tive flu o res -
cence based meth ods to al low for study of such tightly
bound dimers. Us ing these meth ods, we de ter mined the
dis so ci a tion con stant, as well as ki netic pa ram e ters of the
oligomerization pro cess. More over, we stud ied the de -
pend en cies of the pro cess on sev eral buffer con di tions, in -
clud ing tem per a ture and ionic strength.

In or der to de ter mine the ef fect of phosphorylation on
Ser58, which the lit er a ture is not sure about, we used our

flu o res cence as says. The serine S58 is lo cated at the
dimeric in ter face and there fore its phosphorylation af fects
the dimerization pro cess. We suc ceeded in de ter mi na tion
of both ki netic and equi lib rium pa ram e ters of the in ter ac -
tion be tween non-phosphorylated and phosphorylated

14-3-3z pro tein.
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The CD160 (BY55) re cep tor was re cently iden ti fied as
a can di date tar get for immmunotherapy. Its ex pres sion is
mainly, but not uniquely, re stricted to cytotoxic cells, such
as NKT cells and NK cells, and it is also pres ent in T cells
[1]. The re la tion ship of hu man CD160 to HVEM (TNF re -
cep tor fam ily mem ber 14), and its vi ral ortholog UL144
(en coded by hu man cytomegalovirus, HCMV) are now a -
days be ing ex ten sively stud ied be cause of their spe cific
prop er ties in im mune mod u la tion. How ever, mo lec u lar
char ac ter iza tion and bind ing prop er ties of these mol e cules
are not clear yet. Our bio phys i cal and mo lec u lar char ac ter -
iza tion re sults pro vide in sight into the ba sis for un der stand -
ing of mech a nisms by which CD160 mod u lates im mune
effector path ways that might be in flu enced by HCMV
glycosylation.

Ma te ri als and methods

Con struc tion of re com bi nant baculoviruses (bacmids) with 
tar get gene of CD160, was en gi neered by PCR and ma ture
ectodomain of pro tein was cloned down stream of the gp67
sig nal se quence into the baculovirus trans fer vec tor
pAcGP67A con tain ing an N-ter mi nal Fc-tag. The re com bi -
nant bacmid with target gene was transfected into Sf9 cells
to pro duce CD160 Fc-fused pro tein (about 52-60 kDa, Fig -
ure 1) via ProGreen™ Baculovirus DNA car ry ing a GFP
re porter gene (AB Vec tor). Af ter sev eral rounds of vi ral
am pli fi ca tion in Sf9 cells, the re com bi nant pro tein was pu -
rify af ter 3 days from the cul ti va tion me dium of cul tured
Sf9 cells in fected with baculovirus ac cord ing to pre vi ously
re ported con di tions [2]. The pu rity, mo lec u lar mass, and

the conformational changes of the pro tein were de ter mined 
by var i ous liq uid chro ma tog ra phy (LC: FPLC), gel elec tro -
pho re sis (SDS-PAGE) and west ern blot (WB) anal y sis
(Fig ure 1). Ki netic bind ing stud ies of synthetized pro tein
ectodomains were per formed by sur face plasmon res o -
nance (SPR) equi lib rium bind ing as says on BIACORE in -
stru men ta tion and rel a tive af fin i ties were cal cu lated. Af ter
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Fig ure 1. West ern blot anal y sis of CD160 Fc-tagged pro tein us ing
the Anti-Hu man IgG (Fc spe cific)-Peroxidase an ti bod ies and
SDS-PAGE anal y sis of HCMV UL144-mu tants. Lane 1:
PageRuler Plus Prestained Pro tein Lad der (Thermo Sci en tific);
line 2: flow-through frac tion, nonbinding pro teins; lines 3-6: elu -
tion frac tions; lines 7-9: mu tants of HCMV UL144 with dif fer ent
glycosylation. The ar rows in di cate the CD160 Fc-tagged pro tein
(52-60 kDa) and UL144-mu tant (dg) used for bind ing as say. 

Fig ure 2. SPR anal y sis of HVEM-CD160 and dgUL144mutant-CD160 mo lec u lar com plexes. Plots il lus trat ing the ex per i men tal
curve-fit ting meth od ol ogy for a sim ple bind ing model (1:1 Langmuir). 



a proper se lec tion and es tab lish ment of the ex pres sion sys -
tem fol lowed by bio chem i cal char ac ter iza tion at the pro -
tein level, we have started the ini tial screen ing for
crys tal li za tion con di tions in or der to ob tain suit able crys tal
for X-ray dif frac tion and struc tural stud ies.

Re sults and Dis cus si on

CD160 was iden ti fied as a co-in hib i tory mol e cule that
binds HVEM with a sim i lar af fin ity to hu man check point
re cep tor BTLA [3]. Our bind ing stud ies of ex pressed
ectodomains re vealed slower dis so ci a tion rate for
HVEM-CD160 than for HVEM-BTLA mo lec u lar com -
plex. Our re cent data (un pub lished) sug gest that HCMV
UL144, vi ral mimic of the HVEM, does not bind CD160,
we hy poth e size this is due to al tered N-linked glyco -
sylation. Mu tant of UL144 (dgUL144) lack ing these
glycosylation sites (N61, N70, N73, N78, N91, N99,
N116) was gen er ated and we have de ter mined whether its
bind ing to CD160 is im pacted. We have mea sured the
bind ing ki net ics (by us ing Biacore SPR as say) for the

dgUL144-CD160 (KD 217 mM) and HVEM-CD160 (KD

166 mM) mo lec u lar com plexes (Fig ure 2). Ad di tion ally,
we have per formed the crys tal li za tion con di tion screen ing
for CD160 alone (thrombin di gested Fc-por tion) and
HVEM-CD160 com plex. The pre lim i nary crys tal li za tion
con di tions were found (Fig ure 3) and will be fur ther op ti -

mized and tested for X-ray dif frac tion that will pro vide
crit i cal in sight into un der stand ing of how CD160 function
in regards to human HVEM and viral ortholog UL144 to
regulate immune responses.
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Fig ure 3. Pre lim i nary crys tal li za tion of CD160-HVEM (A, B) com plex and CD160 alone (C, D). Ini tial crys tals were ob tained un der
fol low ing con di tions: 0.2 M am mo nium chlo ride, 0.1 M HEPES pH 7.0, 20% PEG 6000 (Fig. 3 A, B); 0.2M so dium malonate dibasic
monohydrate, 20 % PEG 3350 (Fig. 3 C); 0.2M so dium malonate dibasic monohydrate, 0.1 M Bis-Tris pro pane pH 6.5, 20 % PEG 3350
(Fig. 3 D).


