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Abstract 15	

Viral egress and autophagy are two mechanisms that seem to 16	

be strictly connected in Herpesviruses’s biology. Several data 17	

suggest that the autophagic machinery facilitates the egress of 18	

viral capsids and thus the production of new infectious particles. 19	

In the Herpesvirus family, viral nuclear egress is controlled and 20	

organized by a well conserved group of proteins named Nuclear 21	

Egress Complex (NEC).  In the case of EBV, NEC is composed 22	

by BFRF1 and BFLF2 proteins, although the alterations of the 23	

nuclear host cell architecture are mainly driven by BFRF1, a 24	
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multifunctional viral protein anchored to the inner nuclear 25	

membrane of the host cell. BFRF1 shares a peculiar distribution 26	

with several nuclear components and with them it strictly 27	

interacts. In this study, we investigated the possible role of 28	

BFRF1 in manipulating autophagy, pathway that possibly 29	

originates from nucleus, regulating the interplay between 30	

autophagy and viral egress.  31	

 32	

Keywords: EBV lytic cycle; nuclear egress;  autophagy;  BFRF1;  33	

LC3; lamin B1.  34	

 35	

1.Introduction.    36	

Viral maturation occurs in different cellular compartments 37	

leading to structural modifications of the host cells. In human 38	

Herpesviruses, the induction of the lytic cycle triggers such 39	

mechanism starting from the nucleus where the viral DNA is 40	

packaged into the capsids that need to cross the nuclear 41	

membrane to complete their intracellular maturation. This 42	

process, known as "nuclear egress", is mediated by a group of 43	

highly conserved viral proteins in all Herpesviruses [1-4]. 44	

Epstein-Barr Virus (EBV) is a ubiquitous virus that infects 95% 45	

of the world's healthy population, frequently associated to 46	

various neoplastic, lymphoproliferative and autoimmune 47	

disorders [5, 6]. During lytic replication the assembly of viral 48	

infectious progeny provokes remodeling of host cell’s 49	

architecture, which is necessary to allow the complete viral 50	
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maturation. In the early steps of lytic cycle, EBV encodes two 51	

well conserved early proteins, BFRF1 and BFLF2 [7, 8], whose 52	

expression and interaction is required for viral nuclear egress. 53	

BFRF1, a multifunctional phosphoprotein anchored to the 54	

nuclear membrane, tethers BFLF2 on the nuclear rim, and 55	

prevents its degradation via proteasomal pathway. Further 56	

studies performed in a cell line depleted of BFRF1 gene (F1KO) 57	

highlighted its pivotal role in nuclear egress since in its absence 58	

viral nucleocapsids are trapped underneath the nuclear 59	

membrane [7]. Moreover, BFRF1 binds to lamin B1 and helps to 60	

dismantle the nuclear lamina (NL), allowing the passage of the 61	

newly assembled nucleocapsids. NL is a fibrillar network located 62	

beneath the nuclear envelope that provides the nucleus with 63	

mechanical strength, regulates chromatin organization and 64	

modulates gene expression and silencing [9]. During EBV 65	

replication, BFRF1 alters the distribution of emerin [3, 10], an 66	

integral nuclear membrane protein that normally stabilizes the 67	

lamina and is involved in induction autophagy [11, 12]. This 68	

mechanism is also conserved in KSHV where this role is exerted 69	

by ORF67, the positional homologue of BFRF1 [9]. Recent 70	

findings reported that BFRF1 has a key role in recruiting the 71	

endosomal sorting complex (ESCRT) of the host cell to promote 72	

nuclear envelope (NE) alterations inducing the formation of 73	

perinuclear vesicles  whose nature has not been clarified yet 74	

[13, 14].  75	



4	
	

	 4	

Recently our group reported that EBV and KSHV are able to 76	

hijack the autophagic process to promote their replication [15, 77	

16]. Autophagy is a ubiquitous cellular catabolic process, 78	

through which many unwanted cellular components are 79	

sequestered in vesicles known as autophagosomes. These 80	

vesicles are subsequently merged to lysosomes to be degraded 81	

favoring the survival of the cells [17]. In EBV, initial phases of 82	

autophagy promote viral lytic cycle while final steps of 83	

autophagy are blocked during viral replication. This suggest that 84	

the virus manipulates autophagy to facilitate its intracellular 85	

transport and to escape degradation. Moreover, it has been 86	

shown that ZEBRA, the EBV protein that promotes the initial 87	

phases of autophagy, is not able to block final stages of this 88	

process [16]. It has also been reported that the block of 89	

autophagy may be controlled by proteins of the early phase of 90	

viral replication [18] and that EBV uses the autophagic 91	

membranes for efficient envelope acquisition during lytic cycle 92	

[19].  93	

Since it is known that BFRF1 plays a key role in EBV egress 94	

and in altering the distribution of emerin, that may regulate 95	

autophagy [12], aim of this study was to evaluate its role  in 96	

EBV-mediated autophagy manipulation. 97	

 98	

2. Materials and Methods 99	

Cells. 293 cell line is an EBV-negative human embryonic 100	

epithelial kidney cell line [20], B95-8 is a marmoset, EBV 101	
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producing, B-cell line [21]. WT  and F1KO are cell lines stably 102	

transfected with wt EBV genome and BFRF1 depleted genome 103	

respectively [22] [7]. All cell lines were cultured in RPMI 1640, 104	

10% fetal calf serum (FCS) (Aurogene), L-glutamine (2 mM), 105	

streptomycin (100 µg/ml), and penicillin (100 U/ml) in 5% CO2 at 106	

37°C. EBV lytic cycle in B95-8 cells have been induced by using 107	

TPA 40 ng/ml and Sodium Butyrrate 6 mM. 108	

Cell transfection. Cell line transfection was performed using 109	

Xfect transfection kit following the manufacturer’s instructions 110	

(Clontech #631318). 48 hr post-transfection cells were treated 111	

for 3 hours with 20 nM bafilomycin A1 (BAF) (sc-201550; Santa 112	

Cruz Biotechnology).  113	

Expression Vectors. The plasmids used are the following: 114	

pCMV-F1 [23], pCMVgenZ kindly provided by G. Miller [24] and 115	

pEGFP-LC3 [16].  116	

Immunofluorescence. Cells were collected, washed and 117	

seeded on multispot slides then fixed and permeabilized as 118	

described elsewhere [19]. The following primary antibodies were 119	

used: mouse monoclonal anti-BFRF1 (E10, 1:50) and rabbit 120	

polyclonal anti-LC3 (Novus biological 1:1000). As secondary 121	

antibodies Sheep anti-mouse IgG-Cy3 (SAM-Cy3, 122	

Jackson;1:2000), and goat anti-rabbit IgG FITC-conjugated 123	

(Jackson, 1:200) were used. Nuclei were stained with DAPI for 1 124	

min RT.  125	

Cell Imaging. Immunofluorescence was analyzed by using an 126	

Axio Observer Z1 inverted microscope, equipped with an 127	
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ApoTome.2 System (Carl Zeiss Inc., Ober Kochen, Germany). 128	

Digital images were acquired with the AxioCam MRm high 129	

resolution digital camera (Zeiss) and processed with the 130	

AxioVision 4.8.2 software (Zeiss) [25]. ApoTome optical 131	

sectioning images of fluorescent cells were recorded under 132	

40×/0.75 objective (Zeiss). Pearson’s correlation coefficient was 133	

used to quantify the degree of colocalization between 134	

fluorescent LC3 and BFRF1 staining in a series of 0.5 nm 135	

sequential sections. Pearson’s correlation coefficient was 136	

calculated using the AxioVision 4.8.2 software (Zeiss), analyzing 137	

a minimum of 20 cells randomly taken from each slide from 138	

three independent experiments. Images were obtained from the 139	

2D reconstruction of selected serial optical sections. 140	

Western-blot analysis and imuunoprecipitation. Cells were 141	

lysed in a RIPA buffer 1x (150mM NaCl, 1% NP-40, 50mM Tris-142	

HCl, pH 8, 0.5% deoxycholic acid, 0.1% SDS, protease and 143	

phosphatase inhibitors) on ice for 30 minutes, proteins 144	

concentration were measured by using BCA protein assay kit 145	

(Sigma 71285-M). Equal amount of each extract was loaded and 146	

separated by SDS-PAGE or Nu-PAGE gels (Thermofisher) gels 147	

then immunoblotted on nitrocellulose membranes (Protran, Ge 148	

Healthcare). The membranes were then blocked in PBS, 0.1% 149	

Tween-20, 3% BSA and probed (1hr RT) with specific primary 150	

antibodies: mouse monoclonal anti-BFRF1, E10, 1:50; rabbit 151	

polyclonal anti-LC3 (Novus Biologicals) 1:1000; rabbit polyclonal 152	

anti-BFRF1, R319  1:1000 [26];  rabbit polyclonal anti-Rab7 153	
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(Santa Cruz Biotechnology Inc.) 1:300; mouse monoclonal anti-154	

β actin (Santa Cruz Biotechnology Inc.) 1:1000; goat polyclonal 155	

anti Lamin B1 (Santa Cruz Biotechnology Inc.) 1:200. After 156	

several washes in PBS- 0.1% Tween 20 the membranes were 157	

incubated with appropriate polyclonal secondary antibodies 158	

HRP-conjugated: polyclonal anti-mouse IgG-HRP (Bethyl, 159	

1:10000), anti-rabbit IgG-HRP (Bethyl, 1:20000) and anti-goat 160	

IgG-HRP (SIGMA 1:30.000) for 30 minutes. Finally, the 161	

membranes were washed in PBS-0.1% Tween-20 and 162	

immunoreactivity was detected using an enhanced 163	

chemiluminescence kit (Thermo-Fisher). IP have been 164	

performed on insoluble fraction as described elsewhere [8]. 165	

 166	

3.RESULTS 167	

3.1. BFRF1 promotes the early steps of autophagy.  168	

A previous paper from our group, reported that EBV reactivation 169	

from latency blocks the final steps of autophagy (Granato 2014). 170	

However, the autophagic block was not mediated by ZEBRA, an 171	

EBV immediate-early lytic protein encoded by the BZLF1 gene, 172	

whose transfection in EBV negative cell lines Ramos, Akata, 173	

and 293 led to a complete autophagic flux. The block occurred 174	

only when the complete set of EBV lytic genes was expressed 175	

[16]. Moreover, recent findings showed that, in a cell line 176	

defective for late antigen expression, an inverse correlation 177	

between EBV early antigens expression and autophagosome 178	

formation occurred, suggesting that, early after activation of the 179	
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lytic cycle, the virus was able to suppress autophagy [18]. To 180	

date viral protein/s involved in this mechanism have not been 181	

identified. In order to explore this issue, we analyzed the 182	

autophagic flux in two cell lines, the WT that harbors a WT EBV 183	

genome and the F1KO in which the BFRF1 gene was deleted. 184	

In both cell lines, viral replication was induced by BZLF1 (Z) 185	

transfection (Fig 1A) and, as a marker of autophagy, we 186	

analyzed the level of lipidated form of LC3 (LC3-II) in presence 187	

or in absence of Bafilomycin (BAF). As expected, when lytic 188	

cycle is activated in the parental cell line (WT+Z), we observed a 189	

block of the autophagic flux, as the amount of LC3-II in the 190	

presence of BAF didn’t change respect to the untreated sample 191	

(LC3-II/β -actin =1,1± BAF). In F1KO cells instead, EBV 192	

reactivation (F1KO+Z) led to an accumulation of LC3II following 193	

BAF treatment (LC3II/β -actin= 0.6 vs =0.4), indicating a 194	

recovery of the autophagic flux in the absence of BFRF1. These 195	

results suggest that the autophagic flux was blocked by BFRF1. 196	

We could also observe that, when lytic cycle was activated in 197	

the presence of BAF, the accumulation of LC3II was higher in 198	

WT cells (WT+Z+BAF) respect to F1KO cells (F1KO+Z+BAF) 199	

(LC3II/ β -actin=1.1 vs 0.6) (Fig.1A). Since a higher 200	

accumulation of LC3II protein in presence of BAF indicates a 201	

higher autophagosome formation, we can infer that, following 202	

EBV lytic cycle activation, BFRF1 was able to promote the early 203	

steps of autophagy in WT cells. In order to support this 204	

hypothesis, we analyzed the autophagic flux during EBV lytic 205	
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cycle in F1KO cells in which the missing BFRF1 was restored by 206	

transcomplementation (F1KO+Z+F1) (Fig 1B). Following double 207	

transfection of BZLF1 and BFRF1 genes, we found that the 208	

accumulation of LC3II didn’t change upon treatment with BAF 209	

(LC3II/β -actin=0.9 vs 0.8), suggesting that autophagy was 210	

again blocked, similarly to what observed in the WT (Fig.1B). 211	

 212	

3.2 The downregulation of RAB7 is involved in BFRF1- 213	

mediated block of autophagy at the late steps. 214	

Previous data have reported that the block of autophagic flux 215	

induced during EBV lytic cycle activation correlated with a 216	

reduction of Rab7, a protein responsible for the fusion between 217	

autophagic vesicles with lysosomes, in the late steps of 218	

autophagy [27]. Therefore, we sought to investigate if the 219	

autophagic block induced by BFRF1 could involve the reduction 220	

of Rab7 expression.  Fig.1C shows an immunoblot performed on 221	

WT and F1KO cells induced to lytic replication by BZLF1 222	

transfection where it can be observed that the expression of 223	

Rab7 protein increased in the absence of BFRF1. This could 224	

explain why in the absence of this protein the autophagic flux 225	

was restored.  226	

 227	

3.3. BFRF1 shares some colocalization points with LC3 228	

protein on the nuclear membrane and interacts with it. 229	

Recently it has been demonstrated by Deroyer et al. that during 230	

ceramide-C16-induced autophagy emerin (EMD), a constitutive 231	
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inner nuclear membrane protein, is phosphorylated and binds 232	

LC3II leading to an increase of autophagosome formation [12]. 233	

Yadav et al. showed that during EBV lytic cycle, BFRF1 234	

expression altered emerin distribution and replaced it, leading to 235	

the disassembly of the inner nuclear membrane, a crucial event 236	

for EBV nuclear egress [10]. Starting from these considerations, 237	

we sought to investigate whether BFRF1 could mimic emerin 238	

function in promoting the first steps of autophagy. To this aim, 239	

we analyzed BFRF1 distribution respect to LC3 protein by 240	

immunofluorescence (IFA). Fig 2B shows a Z-stack image of 241	

cells co-transfected with GFP-LC3 and CMV-BFRF1 plasmids. 242	

Although most of GFP-LC3 protein was distributed in the 243	

cytoplasm, a part of it was localized on the nuclear membrane 244	

(green), while BFRF1 was normally distributed on the nuclear 245	

rim (red), as expected. Merge panel shows some co-localization 246	

points of BFRF1 and LC3 proteins (yellow). Similar results were 247	

obtained in B95-8 in which we observed some colocalization 248	

points between LC3 and BFRF1, in cells where viral replication 249	

was spontaneously activated (Fig 2D Merge). The colocalization 250	

of BFRF1 and LC3 on nuclear membrane suggests a possible 251	

cooperation between these proteins in autophagic induction 252	

during viral replication. 253	

To investigate whether a physical interaction between BFRF1 254	

and LC3 exists, we performed immunoprecipitation (IP) 255	

experiments on the insoluble fraction of 293 cells co-transfected 256	

with both expression plasmid CMV-BFRF1 and GFP-LC3 (Fig. 257	
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3A). IP was performed using the polyclonal ab R319 specific to 258	

BFRF1, whereas western blot was carried out using anti LC3 ab 259	

and monoclonal antibody E7 (Mo ab E7) specific to BFRF1. As 260	

shown in Fig. 3A, the R319 ab was able to co-immunoprecipitate 261	

endogenous LC3 as well as BFRF1 protein, indicating that a 262	

physical interaction occurs between these proteins in a virus-263	

free cellular context. Based on these results we repeated the IP 264	

experiments in a more physiological cellular context where the 265	

entire virus genome is present i.e. the WT and in B95-8 cells, in 266	

which lytic cycle was activated by BZLF1 transfection or TPA/Na 267	

Butyrate treatment, respectively. As shown in Fig. 3B and 268	

Fig.3C, also in these cases we were able to observe an 269	

interaction between BFRF1 and LC3 (WT+Z IP R319 in Fig 3B 270	

and lane B95-8+ in Fig 3C). The R319 antibody, was not able to 271	

immunoprecipitate BFRF1 as well as LC3 in a lysate obtained 272	

from F1KO cell induced to viral replication, thus confirming the 273	

specificity of the interaction between LC3 and BFRF1 (Fig 3B). 274	

 275	

3.4. BFRF1 tethers LC3 on lamin B1. Recent findings 276	

demonstrated that autophagic machinery plays a role in 277	

degradation of nuclear lamina in mammals, a mechanism 278	

mediated by a direct interaction between LC3 and lamin B1, a 279	

structural component of the Nuclear Lamina (NL) [28, 29]. A 280	

previous paper from our group demonstrated that BFRF1 protein 281	

interacts and participates in dismantling lamina B1 [8]. On the 282	

light of these observations, we asked whether BFRF1 could 283	
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interact with both lamin B1 and LC3 to possibly promote nuclear 284	

lamina degradation through autophagy, further linking 285	

autophagy, viral replication and nuclear egress. To this aim we 286	

performed an IP on insoluble fraction of B95-8 cells induced 287	

(B+) or non induced (B) to viral replication, using a goat 288	

polyclonal ab specific to the lamin B1. Fig 3D shows the western 289	

blot analysis carried out following IP in which it is possible to 290	

observe that BFRF1 interacted with LC3I and lamin B1. 291	

Interestingly, the capacity of lamin B1 to bind LC3-I was reduced 292	

in B+ compared to B cells.  293	

Taken together these data suggest that during viral replication 294	

LC3I is no longer able to bind directly to lamin B1 but it rather 295	

interacts with BFRF1, forming a complex that could promote 296	

lamina degradation and facilitate the viral egress. 297	

 298	

4. Discussion. 299	

In the present study, we focused our attention on the role of 300	

BFRF1 on the interplay between EBV egress and the 301	

autophagic pathway. Viruses have evolved sophisticated 302	

mechanisms capable of interfering with the autophagic process 303	

and are often able to manipulate it in order to promote their 304	

replicative cycle [30], immune escape and tumorigenesis [31].  305	

Autophagy and viral egress are strictly related mechanisms 306	

during EBV lytic cycle. Previous reports indicated that during 307	

viral replication, EBV manipulates autophagy, promoting the 308	

early steps while blocking final ones in order to avoid viral 309	
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degradation. In that study, we showed that the block of final 310	

steps of autophagy was not mediated by the EBV transactivator 311	

ZEBRA [16] and other authors reported that the block of 312	

autophagy may be controlled by proteins of the early phase of 313	

viral replication [18] to which BFRF1 belongs. 314	

BFRF1 is a multifunctional protein with a pivotal role in EBV 315	

nuclear egress and it is able to interact with lamin B1 and alter 316	

emerin distribution, leading to the dismantling of nuclear lamina 317	

[10]. During this process, BFRF1 interacts with the ESCRT 318	

(Endosomal Sorting Complex) machinery  to remodel   the 319	

nuclear membrane and induce perinuclear vesicle formation 320	

[14]. Furthermore, recent paper described that the ESCRT 321	

machinery actively participates in the autophagic process [32].  322	

Thus, the close correlation beetween these events prompted us 323	

to investigate whether BFRF1 could be a good candidate in the 324	

manipulation of the autophagic pathway during EBV replication. 325	

At least three findings support that this was the case. First, the 326	

deletion of BFRF1 removed the block of autophagy induced by 327	

viral replication and induced an increase of  Rab7 expression 328	

that, in previous work we have shown to correlate with the 329	

inhibition of autophagy during EBV lytic cycle [16]. Interestingly, 330	

it has been observed that the reduction of Rab7 prevented viral 331	

degradation via autophagy during the replication of KSHV and 332	

HBV [33], suggesting that targeting Rab7 could be a common 333	

mechanism to inhibit the last autophagic steps by viruses 334	

belonging to different families. 335	
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Second, although LC3 is generally considered a cytoplasmic 336	

protein, it can also localize in the nucleus [28]. Here we 337	

observed that, during EBV lytic replication, LC3 partially 338	

colocalizes with BFRF1 on nuclear membrane of cells 339	

expressing this protein endogenously or ectopically, such 340	

interaction is also supported by the results obtained by  341	

immunoprecipitation assays.  On the bases of these 342	

observations, we speculate that BFRF1 tether the autophagic 343	

protein LC3 on the nuclear membrane in order to promote the 344	

formation of nuclear vesicles in which viral nucleocapsids could 345	

be enclosed to facilitate their intracellulat transportation. As far 346	

as we know, this is the first report showing a direct interaction 347	

between BFRF1 and LC3, thus providing a molecular 348	

mechanism through which the virus could manipulate 349	

autophagy. Third, lamin B1 has been demonstrated to bind 350	

BFRF1 protein thus the trimolecular complex formed by BFRF1, 351	

LC3 and lamin B1 could facilitate the dismantling of nuclear 352	

envelope favoring the nucleocapsid passage towards the 353	

cytoplasm. In addition, in previous studies BFRF1 has been 354	

shown to dislocate emerin further facilitating the dismantling of 355	

the nuclear envelope and viral egress [34]. This study reinforce 356	

the role of BFRF1 in linking the dismantling of nuclear envelope 357	

to autophagy, according to the improvement of nuclear envelope 358	

dynamics observed in previous study [12, 13, 35].  359	

HSV-1, another member of Herpesvirus family that triggers a 360	

particular form of autophagy, uses the nuclear envelope as the 361	
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main source of membranes for the formation of autophagic 362	

vesicles and such mechanism is promoted by a viral protein that 363	

interacts with LC3I [36].  Similarly, here we observed that 364	

BFRF1 interacts with LC3I, as shown by IP experiments, 365	

allowing us to speculate that this interaction could be crucial to 366	

facilitate the viral egress from the nucleus. 367	

In conclusion, this study highlights for first time the key role of 368	

early lytic protein BFRF1 in linking autophagy manipulation to 369	

EBV nuclear egress. Of note, nuclear membrane alterations are 370	

also reported to be strongly involved in tumorigenesis and 371	

senescence, indicating that BFRF1, inducing nuclear membrane 372	

remodeling, not only facilitates viral replication but also promote 373	

the early steps of viral-driven tumorigenesis, in which autophagy 374	

and viral replication may also play a role [37] [38] . 375	
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 489	

 490	

Legend to Figures 491	

Fig.1. BFRF1 promotes the early steps of autophagy and 492	

blocks final one in WT cell line. (A) WT cell line, harboring a 493	

WT-EBV genome, and F1KO cell line, carrying a BFRF1 deleted 494	

EBV genome, were induced to viral replication by BZLF1(Z) 495	

transfection. The expression level of LC3II was detected in the 496	

presence or in absence of Bafilomycin (BAF) by western blot 497	

analysis and β-actin was used as loading control. (B) Trans 498	

complementation of BFRF1 gene restores autophagic block in 499	

F1KO cells induced to replication by Z transfection. The 500	

histograms represent the mean plus S.D. of the densitometric 501	

analysis of the ratio of LC3II/β-actin. One representative 502	

experiment out of three is shown (C) WT and F1KO were 503	

transfected with BZLF1 (Z) and, 48 hours later, the expression 504	

of Rab7 was monitored by western blot analysis. One 505	

representative experiment out of three is shown. Histograms 506	

represent the mean plus S.D. of the densitometric analysis of 507	

the ratio of Rab7/ β-actin. 508	

 509	

Fig.2. BFRF1 shares some colocalization points with LC3 510	

on the nuclear membrane.	 (A) Immunofluorescence analysis 511	
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(IFA) performed on 293 cells (A) and (B) 293 cells co-512	

transfected with GFP-LC3 (green) and BFRF1 (red); 513	

colocalization is shown in merged panel (yellow).  (C-D) IFA 514	

performed on spontaneously replicating B95-8 cells: LC3 515	

(green) and BFRF1 (red).  Colocalization points are shown in 516	

merged panel (yellow). Images were obtained with an ApoTome 517	

system (Zeiss, Oberkochen, Germany) and were generated by 518	

stacking multiple section scans, one out of 10 optical sections is 519	

shown. Image analysis of optical sections was performed by 520	

Axiovision software (Zeiss, Oberkochen, Germany). ApoTome 521	

micrographs (scale bar: 10 µm). Pearson’s correlation coefficient 522	

was calculated using the AxioVision 4.8.2 software (Zeiss) and 523	

expressed as the mean value ± standard deviation. Results 524	

were obtained from three independent experiments, each 525	

derived from eight images. Statistical significance was 526	

determined with Graph Prism 5 Software. p values < 0.05 were 527	

considered significant. Asterisk denotes statistically significant 528	

differences (***p < 0.05). 529	

 530	

Fig.3. BFRF1 interacts with LC3 and lamin B1. (A) Protein 531	

extracts from 293 cells contrasfected with BFRF1 and GFP-LC3 532	

were immunoprecipitated by using anti-BFRF1 polyclonal R319 533	

antibody (IP). Immunoprecipitated proteins were detected by 534	

western blot probed with anti LC3 and anti BFRF1 antibodies. 535	

The immunoblot shows the endogenous LC3 (14-16 kDa) and 536	

BFRF1 (37,5-38 kDa) proteins. As negative control we used IP 537	
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w/o antibodies (no ab) and crude lysate (lys). (B) Protein 538	

extracts from F1KO and WT cells induced to lytic cycle by 539	

ZEBRA transfection, were immunoprecipitated by using anti 540	

BFRF1 polyclonal R319 ab (IP). Immunoprecipitated proteins 541	

were detected by western blot analysis with anti LC3 and anti 542	

BFRF1 antibodies. We used IP w/o antibodies (no ab) and crude 543	

lysate (lys) of WT cells as negative and positive controls 544	

respectively. (C) Protein extracts from B95-8 cells induced to 545	

lytic cycle (B95-8+) were immunoprecipitated by using anti 546	

BFRF1 polyclonal antibody (IP). Immunoprecipitated proteins 547	

were detected in western blot by using anti BFRF1 and anti LC3 548	

antibodies, IP w/o antibodies (no ab) and crude lysate (lys) were 549	

used as negative and positive controls respectively. (D) Protein 550	

extracts from B95-8 cells (B) and B95-8 cells induced to lytic 551	

cycle (B+) were immunoprecipitated by using anti lamin B1 552	

antibody (LB1). Immunoprecipitated proteins were detected in 553	

western blot by using anti BFRF1, anti LC3 and anti LB1 554	

antibodies. IP without antibodies and Flow Throught fraction 555	

(FT) were used as controls. All the IP performed have been 556	

repeated at least three time. 557	
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