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Retroviruses 4= HIV-1 7 morphrogenesis/assembly i®#2 4 = 4-F # #]43 1~
EFHR > — 2 pEEEHET HIV-1 gpdl Z@miH A B3 (cytoplasmic domain)
#e matrix protein MA Z WA 48 EAER - HETHIE  AF —FaitE e
HKAIE S rX yeast two-hybrid A & RIFHI—FGA invivo B T2 TEME
1ER - ZRFIBZBRA B —F M2 L4 > LRETHZ MA fusion protein
A yeast AKE - HERA E coli A A %A kiE MA Fo gpdl
cytoplasmic domain Z fF] E3% » B X £ /& £ FXHE % (immuno-coprecipitation)
R4 gp4l cytoplasmic domain 2 C %45 2%& 8 (ed AL 789 £ 856)
T MA £RBLHE » & gp4l cytoplasmic domain = N sp# =% M= 48 54k
MEFER - #FAMA ELISA 27 %8R4 {48 706 £ 775 % fusion
protein T MA #4&®4 706 £ 752 % fusion protein S f&ikfs MA %
4 WERBTRARK 752 £ 775 A gp4l ctyoplasmic domain F+ MA = &
EYERER -

B T A gp4l cytoplasmic domain 7275 4L f A0 0842 F AT A2 4 F 4%
#l > AH = F3HEEAMIRIT T cytoplasmic domain # gp4l F73)AesEHien
WX ERHTHE - BBy £MA PCR ¥ %444 M cytoplasmic
domain i#54 (cloning) % R#4EN pMal A malE gene = 3’ 3% > d mal E Pf
encode % maltose-binding protein (MBP) % monomeric form & FiEAZE G
WA F1RL#A oligomerization Z 4 7 8§ € {£ %218 MBP fusion protein % & % —
oligomer » #% A sucrose gradient centrifugation - chemical cross-linking Fe gel
filtration 2R 4#7PF encode = MBP/706-856 fusion protein » %§3, MBP/706-856
B — oligomer < 3b4} » K94 d N 55k C 3% — % 7] cytoplasmic domain
deletion mutant & > R HF 706 £ 752 KA AF 7L oligomerization =
e g 753 £ 856 = R ABA 5 A 44 multiple oligomerization =
signal » 3 A % = & amphipathic o-helix » # LLP-1 #= LLP-2 » B 4
oligomerization Z & 7 o % LLP-1 #uv LLP-2 = C s #F 4405 > &
oligomerization Z £ R4 & X ZEBAZBE -

AT TR ERRT HIV-1 gpdl = cytoplasmic domain EF & 47 48 Ak,
oligomer X f¢ /) » A X A % LLP-1 ## LLP-2 f& cytoplasmic domain %



oligomerization LEAHRERZAE - AM B TRERFBEY TR DS
X+ 7 THIV-1 gp4l cytoplasmic domain 4% #% — oligomeric #it 254 A
ARBRERAMEEYN, 2R -

() HRXHE
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The overall objectives of this project is (A) to study the specific interaction
between gp4l cytoplasmic domain and MA and (B) to determine whether the
cytoplasmic domain is able to self-assemble into a high-ordered structure. Toward the
first objective, biochemical and genetic approaches including a yeast two-hybrid
system and a procaryotic expression system were employed to examine the interaction
between these two entities. When the coding sequences of different regions of the
gp41 cytoplasmic domain and MA were cloned into various yeast two-hybrid plasmid
pairs, we could not detect the interaction between fusion proteins containing these two
entities. Using an E. coli expression system, we found that fusion proteins containing
the C-terminal portion of the gp41 cytoplasmic domain, e.g., amino acid residues 789
to 856, were able to bind to MA when immuno-coprecipitation was performed. We
further demonstrated that amino acid residues 752 to 775 were crucial for this
interaction when an ELISA format was employed. This study indicates that gp41
cytoplasmic domain can interact with MA by using an in vitro protein binding assay.
Based on these findings, we feel that it is of importance to further demonstrate the in
vivo interaction between gp4l cytoplasmic domain and MA and to delineate
sequences or amino acid residues in the gp41 cytoplasmic domain which are crucial

for this interaction.

To achieve the second objective, we fused the coding sequence of the entire
cytoplasmic domain at 3’ to the Escherichia coli malE gene which encodes a
monomeric maltose-binding protein. The expressed fusion protein was examined by
chemical cross-linking, sucrose gradient centrifugation, and gel filtration. The results
indicated that the cytoplasmic domain assembles into a high-ordered structural
complex. Moreover, we demonstrated that sequences encompassing the lentiviral
lytic peptide-1 and lentiviral lytic peptide-2, which are located to residues 828-856
and 770-795, respectively, play a critical role in cytoplasmic domain self-assembly.
These results indicate that the cytoplasmic domain of gp41 by itself is sufficient to



assemble into a high-ordered multimeric structure. The present study also supports the
notion that a multimeric form of the gp41 cytoplasmic domain plays a crucial role in

viral infectivity.
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A R ) BT/ ER 1 HIV-1) 2B 8% & [envelope (Env)
glycoprotein] ¥ 2 B$5% &% (transmembrane protein » f§#5 TM & &) gpdl 2
4m By M B3 (cytoplasmic domain) fz# £ ABE A 5] 706 £ 856 {1 B » &1
SPELE RBRRME dofkE ¥ i B ta gt %5 #p 5] (immunosuppression)
&% ° #b4h - gp4l cytoplasmic domain 4~ = amphipathic o-helix » - B4z £ £
BifrE 828 £ 856 & 770 £ 795 b — & X #% lentivirus lytic peptide
(LLP)-1 & LLP-2 - 38, &% gp4l cytoplasmic domain P§= —#b structural motif
o T mBBRCHM - .

gp4l cytoplasmic domain £#EFARKBHFTEAHES RX B b uE
FH Y (replication)~ & # M (infectivity) Fv3] A2 fm B % (cytopathogenicity)
1E A (Fisher et al., 1986; Terwilliger et al., 1986; Lee et al., 1989) « gboh » & K%
7% #1%% - Env protein % stability o Env #¥ (incorporation) % % & $ak
A Bl (Kowalski et al., 1987; Helseth et al., 1990; Dubay et al., 1992; Gabuzda et al.,
1992; Yuetal., 1993) - ixif 694k 435 B R4 — L m B AL 2 tyrosine-based Z
#MIE (signal) > Jb signal T3 5E 5% % £ 4&IL (polarized) %mfite MDCK Py
basolateral targeting (Lodge et al., 1997) = $t4h » 4k4F LLP-1 Fu LLP-2 Fid- iz
peptide B-% cytolytic #o calmodulim-binding #= —inhibortory %+ % (Srinivas
et al., 1993; Tencza et al., 1995) -

% —% & » HIV-1 2 matrix protein MA {5 & 558 (envelope) 2 & A
B N-3gprd 2 myristic acid Mg lipid bilayer #4 - MA fiy % 4 48 2
TRAEZX oA FAE (Bryant and Ratner, 1990; Yuan et al., 1993; Freed
et al., 1994; Spearman et al., 1994; Freed and Martin, 1996)~ 7% #- AN tm i (Yu et al.,
1992a) ~ tm 4% 1% % (nuclear localization) (Bukrinsky et al., 1993) #v Env # &z
E7%#8 (Yuetal, 1992b; Dorfman et al,, 1994) - B MA £ gp41 cytoplasmic
domain ek FMM AN Z NG BEARA - #sb= 8K & segment 4B L &4 48
]2 AR - B AT — LB X453 %E - £ HIV-1>gpdl cytoplasmic domain 2
FrKR (deletion) % MA F#E R4 Env 24 ¥ £ 52 (Dubayetal,



1992; Yu et al., 1992b; Yu et al., 1993; Dorfman et al., 1994; Freed and Martin, 1995;
Freed and Martin, 1996) - st4} » B % MA mutation %% %> Env s i % 5
## T B4 gp4l cytoplasmic domain F# (truncation) Mk (Freed and
Martin, 1995; Mammano et al., 1995; Freed and Martin, 1996) - HIV-1 Env pHEF
visna-HIV-1 Z # & (chimera) % &8k TE HIV-1 MA 2754 M5 ho
(Dorfman et al.,, 1994) - gt 4} » gp4l cytoplasmic domain P9 774 — b £ 2 & & 7]
T3 S mE Btk ka2 basolateral & & budding - e i st X587
HIV-1 gp4l 2 cytoplasmic domain fv MA Z T EME 2R - 124742 7b
BEHER B AHE2E—F R AULE A b B F ik RIE
gp41 cytoplasmic domain o MA Mz HBEZHR » bF @I HARXAEGHNE—F T
A% 7% # 14 morphogenesis R AL BR P2 5 FRIRBAMANE L m 52
& o ;

5 —7 @ > #4994 3R — HIV mutant provirus $§ HXV-m £ £% encode 2z Env
protein #:2> gp4l cytoplasmic domain » & #t mutant provirus fe wt provirus —
A2 coexpress B} A7 E 4 mixed virus X infectivity Bl# wt B ER L H AR o
% $t mutant provirus A7 encode Z truncated Env mutant o wt Env —#e
coexpress Bf € dominantly #p#] wtEnv Ar3liem A a2/ - sLo} -
£MLERT wt Ffo mutant Env €% — E R 44 (hetero-oligomer) » iZ it
54 XM~ T cytoplasmic domain %424 s — oligomer &% & B infectivity #f
%4 - {1218 % &) mutagenesis study # 3 HIV-1 gp4l cytoplasmic domain $1 Env
oligomerization # Bl * @ B AT &4 HIV Env % oligomerization site ;{7 gp4l
ectodomain Z leucine zipper motif Foif g2 C-terminal a-helix e

A3 F —F 8 o9 R#E L gpdl cytoplasmic domain truncation Env mutant
52— B A % %0483 cytoplasmic domain 2% R YAl BE ¥ 2 5 FH
w0 RAFTEH L wild-type (Wt) B HERRASEHEFH © £ membrane X ®HPEH wt
A& truncated Env mutant Rk a3t A &4 X 2 PCR format 5 %55 &
DNA £ 6B NS E ko2 2EGM  EEREALBRZ P » K72
BEWwTZEEE: B HIV £ PEd transfection FHEE| 2555 titer 45
B BEFARORE - § CD4 tafe ¥ RABIKLH] X tmld % F 5 R of b
¥ o7 PCRdetection #9E$EE » M ¥ A contamination &R MH A - BT A
FERRTRZEAT - BB A shit T FHEFK > KA gp4al cytoplasmic
domain & % ] B 47 assemble % — oligomer - # cytoplasmic domain structure
ZTH AP HLERAERFRLEVPERFTZ/ER » M4 HILEER
Z R BILE B E RS
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L cytoplasmic domain - MA Z #F3¢
A. Yeast two-hybrid # 5 (plasmid) = 9 F:iE# (cloning)

E &£ MA PCR L HXB2 4#E#4g (template) R3¢z (amplify)A encoding
gp41 cytoplasmic domain AR F] & fe MA %2 DNA A #f (fragment) - 3£ TF
RAAF&4E PCR 2 DNA R #fE# E4k 1 AG57 gal 4 promoter-
based % yeasttwo-hybrid Ha t - &% 1 3£ %|# two-hybrid % 2 P9 A7 -encode
Z_ selection marker - DB %% DNA-binding domain M AD %5 activation
domain ° vk 2 |5~ » A{E18R] gp4l cytoplasmic domain F+ MA 4 A B
flexibility » #ZFJ4.4% gp4l cytoplasmic domain Fv MA Z encoding DNA A
BiiE £ L4 LexA promoter-based % yeast two-hybrid & &% I - st » FHArjdn L
PCR f& gp4l cytoplasmic domain z% MA fL DNA-binding domain &,
activation domain fj e A —18 encode 4 & glycine = DNA HErx H 8 (F
B LG Ae L FIRUE TR encode 4 {8 glycine ZHE5) > *ok 3 FiR o

B. pET32a(G-tag) fv gp41 cytoplasmic domain-encoded % pET32(G-tag) 474

KMz 5 TEA o

A T1£4 gp4l cytoplasmic domain RE @R X EF G HAENtm i AT &g -
#1r9iE4% pET32a £ A&7 {5 (cloning vector) - sL 3k E4<T encode
thioredoxin - His-tag & S-tag % - i# encode thrombin #v enterokinase %
cleavage site » ¥ B SA477F% target protein A7¥% X fusion protein o pb 3% 2% AT3% 4
T7/lac promoter & lac repressor (lacl) » 3T £ BL21(DE3) pLysS #= BL21(DE3)
pLySE % host fmjg 2t IPTG induction R %&:f - A Sb'H 8 &% target protein
Z ¥k A HFr encode % thioredoxin fusion protein 2 /KA ME T2 &4k &
protein X solubility e

BT 5HERATARE S 2 fusion protein » # A/ b8 2 Bglll & Kpnl
site Fil e A T —48 T encode VSV EnvproteinG = C 3% 15 BEA A2
DNA K B> & Fi&igd fusion protein = LA A rabbit anti-G(COOH) (Chen et al.,
1986) & #E3% - sbob A4 8 B0 PCR & & K[F gp4l cytoplasmic domain-
coding region X &% pET32a(G-tag)/Env E 4B 1 AT o

C. Cloning of pET32a(Chl3-tag) R E T ki MA B8

%1& & pET32a rFr&kik#iz gp4l cytoplasmic domain fo MA FeLXf§ 5 F
EE S HAIA MK — HIV-1gpl20 = E#ki1g% Chessie 8 z epitope & DNA
coding sequence 3 A pET32a Z Kpnl #o Bglllsite A - b8 DNA Fi#fJE
W% G g 48§ % HXB2strainEnv 2% 252 2% 273 EEARE A




4 2 § #8# pET32a(Chl3-tag) - K14 #19#§ encode MA Z coding sequence
B yeast two-hybrid plasmid pGB79 & Bg/ll #v Kpnl t7F it 4% % sk vector
1 % pET32a(C13-tag)/MA plasmids - & 3t % 28 A7 % 5 & 49 MA fusion protein
B N s3I mA 187 BHARASL -

D. Z8E kR ML

%% DET32a(G-tag)/Env % 7|¢ % 48k pET-MA K87 (transform) A
BL21(DE3)pLysS ¥ » X 0.5SmMIPTG #£ 30°C &32 3 /8 » 354 Env
protein &% 3% > ¥4 Sonication buffer (0.1M NaCl, 50mM Tris, pH8.0, 0.1% Triton
X-100) #7#k39 % - sonicate » £FfE# -20°C ° L& coomassie blue % Western blot

HEEFAQRNOERR -

HEHAFBNTEOERRY celllysate FHik#Ew » 11 debris % - BiB
0.45um filtere 3§ 3t & & B 4 L Av A SmM imidazole 7 »i®i® TALON column °
# resin LR F 45T (Co™) T (His)ctag 484 > R B MRS T T2
7 TALON column Lk ° joA 5mM imidazole z B &4 % B1&JE45 E M (non-
specific) #94¢4 (binding) - % & H# % E4L B8 column HK 2% » XA
448 F] 84 sonication buffer AviliFE Z/EB¢Y UV BRABMBRER ﬁtéﬁ’ﬁf‘ -3
o2 1% APE#E X&) buffer 4 8 9% & 47 - sbPy4$4E ey buffer 53 % (1)
20mM imidazole, 0.3M NaCl, 50mM Tris, pH7.5, 0.1% TritonX-100; (2) 50mM
imidazole, 0.5M NaCl, 50mM Tris, pH7.0, 0.1% TritonX-100; (3) 100mM
imidazole, 0.5M NaCl, 50mM Tris, pH7.0, 0.1% TritonX-100; (4) 200mM
imidazole, 0.5M NaCl, 50mM Tris, pH7.0, 0.1% TritonX-100 -

E. %78 £ Et#E (immuno-coprecipitation)

Protein A-Sephorase #& PBS iz 7% » 4 %|#v rabbit anti-G(COOH) (&,
rabbit anti-MA) /&4 4C & RA2& 1 /8% > XA PBS &k - Beads & 4%
Fa MA (3 gp4l cytoplasmic domain) = & & K EffE A - Beads & PBS #ik
1% 8.0 > o 2X Lammei buffer ¥4 95C /KSR 3E 5 44&1% » 35 SDS-PAGE
i $%4 £ NC paper > ¥4 anti-MA ({8:8] MA) [ anti-G(COOH) (& %] gp41l
cytoplasmic domain)] ¥ Western blot R R R EGH 2T H F0 B 2
BA &S -

F. ELISA

2 EZ G H R celllysate »X PBS ##E » 487 ELASAplate £ »47C>
overnight  # 1% X wash buffer PBS 4 0.05% Tween20) ##% » ¥4 PBS 4
5% Z low-fat milk blocking AEi& 1 B - FRATFAANRIBHLTEGT X cell
lysate (7732 PBS ###F) » incubate #Fi% 2 B 2 F 4 > DAL 6058



Aok ¥k > ZAERA OPD 26 0 #:X 3MHCl &R o %4 492nm &)
TR A VIR -

II. cytoplasmic domain self-assembly % #g3¢
A. X H#4 (plasmid construction)

BT7H HIV-l 2afe ARBRRT LA self-assembly 285 » K44
vA PCR % %48 cytoplasmic domain Z coding sequence #5fk k- E4 B 2A
P > ¥ N34 E. coli malE gene % pMal-C2 % (#fi# pMal) polycloning
site 7= EcoRI Feo Sall 122 M - mal E #%i%¥ monomeric = MBP & & 4 =
MBP/706-856 % — fusion protein » B cytoplasmic domain = N %3 MBP o
% 7 1€ multimerization Z negative control » & jd,3e gpl20 L= — epitope
Breg 252 % 273 H A coding sequence ¥4 PCR &5 & i clone £
pMal - gb5h » & T i24%0X pET21 (a) & base X i#% » HM1VAPCR F: i 4
DNA fragment i in frame 3 % pET21 (a) =48 #% cloning site L » 3K
encode % cytoplasmic domain fragment £ N #53&4 T7 tag = 16 18 & &8k
i C 3%R)4:4 6 18 histidine = tag - & 7 ## cytoplasmic domain P Ff— &
3% & multimerization P& F 4y » HM4E T T encode N g f2 C % — % 71

~deletion = pMal mutant (4e B 2B FFF) o .

B. Fusion protein % %k if & 1t

# 1M 3 pMal/cytoplasmic domain 2% pET21(a)/706-856 = % i s & 54
(transform) Z competent NM522 =%, AD494 » i# ¥ IPTG induction 7§ encode
Z_ fusion protein - 4 MBP fusion protein = B4 0L+ 5= —A A K=
4 1 mM PMSE #y PBS resuspend & sonicate £ >95% #mifafb s »
Ea#ok L F BB AR (supernatant) 54 -20C # A o £ sksh{t MBP
fusion protein » 5+ induction culture ¥hHeNZELEHEE 0.2% = glucose o
& pET21(a)/706-856 rFi#%si= #5¢4e IPTG induction £ A e+ 9= —
€% Tris/HCI buffer (pH 7.0) A4 0.1M NaCl #» 1mM PMSF sonicate - &
pMal constructs Ff encoede Z fusion protein ¥& amylose resin (New England
Biolabs) % affinity column &kt Moy pET21(a)/706-856 Fi encode % fusion
protein J!J¥X Talon metal resin (Clontech Laboratories, Inc.) % affinity column
846 o bbb —#8 fusion protein = ¥ SR 4k & b F AT S ERIEST o

C. Chemical cross-linking ‘

5 1b =z MBP/706-856 fusion protein (GE# PBS A) Rlfe R R R E =
glutaraldehyde # 7k LR B 30 4948 > BhonRELEEE 100 mM = glycine
(pH8.0) »X#%,k cross-linking R & » H¥X SDS-PAGE #-#77f cross-link = %
g o




D. Sucrose gradient centrifugation

# b4t & & 461t = fusion protein Fo & 40 i B £ $  (sedimentation
coefficient )2 & & 'H marker E# 20% % 45% X sucrose gradient } » i
# 40,000 rpm &£ 4°C Fa 20 180585 - otk gradient =& 37 B 440K
EEZ9H HEFR S0 £ 200 pl =84 #X 5 242 cold acetone 4k
LR PRI TF 2% &G H A& SDS-PAGE & Western blotting (]| /1 MBP #o
Chessie 8 ¥ R 4kiutg) 1L o4 -

E. Size-exclusion chromatograsphy

£MMe4 25 £ 100 pg = 41t MBP fusion protein & & pET21(a) #F
encode Z #it%&E & (E# 200 ul = PBS A) 31 A Superose 6 HR column (10
x 300 mm ; Pharmacia) 3 #X Pharmacia Z fast protein liquid chromatography
(FPLC) (&4 UV monitor & pump) XH 4% 0.5ml Z kA TR TiAE
REZRBANFEIERE—F - TREZIZEGHE LN SDS-PAGE #v
Western blotting 1947 - sbol » £k 4T EFZX &G 'H marker 4 column
Z_ calibration > & UV Z @3%-TKd fusion protein Fo& &K marker 3 3%
(peak) 77 elute R ZBFR] o

(2)&x

I.cytoplasmic domain - MA 8 Z 4R 2
A. ¥& yeast two-hybrid % &% & ¥E3} gp4l cytoplasmic domain F+ MA R = 48
Z1ER o 7
B HF R gp4l cytoplsmic domain fv MA M= TéeMEZ4ER » H A &ZME
Rl yeast two-hybrid Z in vivo interaction assay - 4wk 1 Fo 2 PiF » Hfflde
encode gp4l T F] Ei%k %k MA 3 MA-capsid protein (CA) = DNA K Efi4
F &5 69 X 3E AL gald DNA-activation domain ## DNA-binding domain &
¥A LexA DNA-binding domain #f= B42 acid path trx activation domain & &
ZAE#EE TR HMRFE strain = yeast & host cell » 4~ v =T
encode F F] 3% = gp4l cytoplasmic domain &% MA = yeast two-hybrid
plasmid £ #%4E5¢ (o4& 3 P7) A transform yeast > ¥&4: tryptopham %
3 F KR AE selection - ki i 2 transformant FHX & 3 P yeast two-
hybrid H 7% T encode F B Bk MA % gp4l cytoplasmic domain = K
BARGE KRB > Hoise leucine AL RIE2 A B =
transformant & ¥4 4 histidine 3% % % R{F selection - 4w gp41 cytoplasmic
domain F= MA # 4k Rl B &% s —18 functional #4¢4k7E/LEF MmIThH His 3
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gene AT 4 gal4 responsive element % promoter » # gy =k 'H 24427 pi 43 =2
transformant f& =T 7/&#: histidine 232 /XL Kk - TEH — K584 encode gp4dl
cytoplasmic domain % =K 544 encode MA X% —'H 5% encode MA @ % —
' 7% encode gp41 cytoplasmic domain AFff = 4 &#RMm Ik F P& — kg =
transformant ¥ 4 & 7 #: histidine 23z H X F > & T Ak 24 gpdl
cytoplasmic domain % MA g gal 4 DNA-activation domain 2 DNA-binding
domain M) % JE & ¥ B AP 454 » &Ik PCR # pGBT9 K 22 K 36 A\ — 18
encode 4 f# glycine = DNA hEf (£ 3 ARMEME RN L FE) %
#1% gp4l cytoplasmic domain 2% MA-coding sequence < 4-Fi&5& » {2 bik
HEIEZAHBES T £ k4 histidine = =’k transformant o [5] B & {7 4 32
yeast two-hybrdi H 424 %! encode SV40 = T antigen #2 p53 4% control » £
%Xt double transformant =T & &4 histidine Z3EHHK b -

B 7 AsbfE negative Z 4 R Z B & gp4l cytoplasmic domain F+ MA B
A MMEER » XA gp4l cytoplasmic domain H MA & kif » Kfes
BAEH AR 4440 yeast BERE 5 4% cell extract % SDS-PAGE » &% anti-gp41
(for gp41 cytoplsmic domain) 3%, anti-p17 (for MA)» &, anti-p24 (for MA-CA) 4%
Western blotting » 4 %483 encode gp41 cytoplasmic domain fusion protein
A 4if > @ encode MA % MA-CA X fusion protein ;24 £if o KM FF
# LB H {2 yeast two-hybrid encoding MA Z H32/7t1 F= MA coding
sequence F A TERMEL BN AEHMANERA MA 2 4iE (JL B ¥

) e

B. X in vitro Z & H &4 424531 gp4l cytoplasmic domain Fo MA > 38 & 4%

il

£ kg £ 4% pET32a R AT FE Bk gpé4l cytoplasmic domain
o MA > B 7{A#m|iE % recombinant & & 7L » KPILSRERG X
encoding VSV G protein C-3% 15 {8 & 28 = —1% oligonucleotide » st{& & 5’
3% 7 82 1% > denature » A& ¥} (anneal) > it E Ik DNA K Biitit pET32a
Z Bglll %= Kpn site » 334 DNA #| F E. coli BL21(DE3) ##% » IPTG
induction » SDS-PAGE #= Western immunoblotting % 4 5% » 174 & — {8 £ 5%
#) clone - & F K MIe T F yeast two-hybrid H 28 £ 3T encode I F] & )\
gp41 cytoplasmic domain = DNA K #7¥X EcoRIl #=¢ Sall 31 F » 3 A
pET32a (G-tag) #%% (B 1) stsh &4 A PCR #9725 X3gs8k 804 % 856
% 815 % 856 = DNA coding 4 ¥fi4& N\ pET32a(G-tag) #%% - %4t &
T AE TR K = gp4l cytoplasmic domain 4 X, = mutant » KP4,k PCR
Al HXB2 strain A7 & 4 % 3% TM mutant (Yu et al., 1992b) 454545 % & DNA
B W 3 36 N pET32a(G-tag) #4% - if % plasmid #5#%7% 2 BL21(DE3)pLysS
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#a# 3£ X IPTG induction - Commassie blue #: & & Western blotting % % 5% %
BjiZ ¥ plasmid T %k i¥ gp4l cytoplasmic domain (B 3A % C) > Apf kit
ZFazaTERIRTENY -

FA—F @ & TR B AERZ MA &X PCR 5 — &4 encode
gp120 £ 48 252 £ 273 28 2 DNA K Miitis A pET32a &2 h » o
pET32a(Ch13) 7k &% & &K T#& Chessie 13 Mab R1ER - 23 & M4
MA £4%# 1 £ 1321 % 104 #» 1 £ 88 x coding DNA K Mitn Fit 45
XN pET32a(Chl3-tag) X & % &4 pET32a(Chl3-tag)/MA = kif’H 2% - iz
Weerr kit fusion & &K TVA Al rabbit anti-MA 488 (B 4) -

B 7 A gp4l cytoplasmic domain o MA M Z4BE/R » HAEEMREE
BTk R - #Mde protein A-Sepharose & beads st »Z rabbit anti-p17
Z AR B4R coating » F#kiB%#) beads HAushibey pl7 46 A > ®AFskiL 2 pl7
N 3% 7% %% fusion protein - Beads #& & iti4 F#=4 gp4l cytoplasmic domain
706-856 ~ 760-856 F= 789-856 % crude cell lysate 4k A » & PBS iti® £ » beads
% 95C Motk FiFEh 2% 36 SDS-PAGE X rabbit anti-G(COOH) & A
#a anti-HIV 1F Western blotting > 7 £ Rl fT #8488 45 =T & ik 4 gp41 cytoplasmic
domain Z & & ki Bf T #X 18] » 12 2 4 control G-tag = &G M & EF 7
(B 5A, lanel) » 3t B £ 87 MA #v gp4l = cytoplasmic domain # %A -
{2 MA E&wkdy pET32a(Chl3)/MA FikigxZaRF» MELHRLHR
5% %% > ® pET32a(Chl3-tag)MA #fkithz MA % N 3544 fusion
protein % free #3 » 3t fusion protein T84 MA = N E#BAHF A
T BT b R B34 gpdl cytoplasmic domain A °

B it —¥ T¥E gp4l cytoplasmic domain #» MA R = 4Rl » #%I»% ELISA
T HEAF invitro ZOREE - HAEMeLBAE N3EE free 89 MA (&
B & 0.6 mg/ml) 52X PBS ##F 1:50 > & A 100ul coating £ ELISA plate
Lo EfHE 10 £2L A S FF gpdl cytoplasmic domain 3% = fusion
protein Z fm B3I EIER » B £ F anti-G(COOH) 5% & horseradish
peroxidase-conjugated anti-rabbit = IgG {F M » &% A ECL XK L& R M -
W& 4 35 » 4 cytoplasmic domain 706 % 856760 £ 856 & 789 % 856
Z_ fusion protein AFTfe MA &4 > M R 4 G-tag % fusion protein 5] & 7%
o MA #4 -

B 7 A% gp4l cytoplasmic domain Z AR —ERHIEMHF E2M > KMA

# C A TRAE#HAZ gpdl cytoplasmic domain # fusion protein A it
MA #f84 - dok 5 FikT REAK 775 £ 856 ETHEHR MA =
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e RERRKAR 752 £ 856 Al MA = &46%% - B 28T L
B 752 £ 775 i& gp4l cytoplasmic domain 21 MA £4 L+ Z & F & -

II. Cytoplasmic domain self-assembly X #f3¢
A. MBP fusion protein = ;Z# & & i
B 7 # gp4l cytoplasmic domain 7J%#F# WAr# B Far Bz o F
Al F—F33H 8 BAEIKEFH cytoplasmic domain A = autonomons A% 1& Fo
oligomerization % domain - & if kst B & » &M¥A PCR #% HXB2 strain Env
W% 706 £% 856 HK#E= cytoplasmic domain 4§ coding sequence iE5&:H
S » 4% % pMal plycloning site A= EcoRI F» Sall - (B 2A) - % 4 » %
fPdude B 4kduid chessie 13 = epitope » BP{z# Env 2% 252 £% 273 &
Bz coding sequence i#FEd R EIHEAH pMal XH (B 2A)-pMal/706-856
S pMal/252-273 #%] encode 542 F= 413 {8 f{ A 8% - 3 F K MX pMal
pMal/706-856 1 pMal/252-273 % & 'H # %|4454 (transform) competent AD494
gmfl > iR IPTG 4f induction’ AT REXZEGH X 7.5% SDS-PAGE 4 -
pMal ~ pMal/706-856 #= pMal/252-273 Pf encode & & Z 41 (apparent) »F
F 4918 45kDa~ 56 kDa #» 40 kDa o

B. MBP/706-856 % sucrose gradient 47

B T % cytoplasmic domain & Z T A @ 4% sk, — oligomer » &K Mide i kit
Z MBP/706-856 fusion protein #2% & % F & marker 2 20% % 45% %
sucrose gradient 1£iT % (sedimentation) & iy J& 34 » Bk 7.5% SDS-PAGE
2# o 4nB 6 top panel P+ > MBP/706-856 7M1z & b catalase E e » 84
T MBP/706-852 ~T & st tetramer 3 K = species - 3% MBP/706-856 2
VA 1% SDS s 32 » Bk fusion protein S BEAE 21 £ 23 % » i 5
‘MBP/706-856 monomeric form Afit M =1z & (B 6 » bottom panel) - &
MBP/252-273 fusion protein ¥X48 Fl45 Ak A4 » TR T H X SDS A&
oo LB AR 21 2238 (B 7)) &k MBP/252-273 & monomer -

C. MBP fusion protein X #h4t. B v9 4544 1% = 947

% 7 A MBP fusion protein Z £ {tHH » Afkiftz MBP & MBP fusion
proteins ¥X amylose affinity column #k4t 3 ¥ SDS-PAGE 2 coomassie
brillant blue —i‘*é - MBP - MBP/706-856 #» MBP/252-273 § migrate % £ &
¥ —= species - B3k E 6 AR E 2 MBP/706-856 il £ gradient F
FREBE M E G EASMEK > M X& it MBP/706-856 4k sucrose
gradient £#7 - #h{tb 2 MBP/706-856 i< £ & (peak) {572 % 9 £ 11 4 >
#7-7 MBP/706-856 #F & oligomer o gt b » & {4 vX glutaraldehyde 4%
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cross-linking - & B 8 A7 » MBP/706-856 T#% cross-link Z & »FF -

D. MBP fusion protein % gel filtration £ #f

& T # MBP/706-856 = high-ordered multimeric structure » & ffje 4t 1t =
MBP/706-856 % %4--F%& marker ¥& superose 6 HR column 1§ gel filtration it
B A FPLC 4k 941 - MBP/706-856 = peak # % 15.4 #-4&# elute &k (8
9> top panel) » b blue dextran Z peak # 16.4 243 elute £ R A - &
¥A Western blotting %#7 A7 elute i = & & & » MBP/706-856 £ % 17 % &
#53 (B 9 bottom panel) » st 3 154 5484 elute B X | KIEL >
Bl UV detector £ fraction collector #94 1 £ 2 B2 BMEZR - 55>
MBP/252-273 #j peak Rl % 33.5 £5## elute 2R (B 10 top panel) s
Western blotting &8 L A= EF A 35 £ 37 & (B 10 > bottom panel) -

Bit—¥% T A cytoplasmic domain & F € % sk, — high-ordered #i% » #17
Fe 706-856-coding sequence clone £ pET21(a) vector A > st XK FF encode =
cytoplasmic domain £ N &#H —&is T7tag = 16 MEXKR C BieH —
6 {8 histidine tag = 15 {8 &R k& - T7 Ff» His =48 tag FLrRA
oligomerization Z &7 - 4 Talon affinity column %4t fusion protein H]s%
Superose 6 column 4k gel filtration » #t fusion protein % subunit HF &% 4
18 kDa - ¢ 8 11 A7 » st fusion protein Z elution peak % 25-27 # -
& W C4 marker 2 49-FEI log i #HE peak Ff elute :h Z BFM{EB 8% »
£ #% 3 fusion protein = F &% % 400 £ 630 kDa > 8+ cytoplasmic
domain #£ F 4 s — high-ordered structure o

E. Mapping multimerization domain

FEEEMBIE A cytoplasmic domain A AR L E 3K L multimerization #
M &MA PCRET—4%%69d N s Rd C stk z pMal A% (B
2B) - Pf & if sk = fusion protein B & ¥ sucrose gradient 1k 5 #7 > FF
fractionation # Z protein sample #¥4 SDS-PAGE % Western blotting #| Al
£ M= 378840 anti-MBP ~ chessie 8 & anti-HIV 4E4&:8] - § 8 12 75 o
M 7 MBP/706-752 &AM 7t gradient % if ko5 4 » £ 445 MBP fusion
proteins % T % & gradient = F 7% 31t catalase TR B > B3 fusion
protein Z 4F &b catalase E K - X RLERBATRASK 706 £ 752 #
cytoplasmic domain 2 multimerization # & » {2 5 X8 753 £ 775 47
# 4& monomeric = MBP &% X multimer =44

& TA LLP-1 #» LLP-2 & %+ mediate multimerization » #{M¥X sucrose
gradient centrifugation £ # 7 MBP/816-856 = MBP/760-795 w5 1@ fusion
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protein Z oligomerizationo & R 4 #.b = protein ¥ T /L gradient #F % »
B 7k = region % %] B multimerization Z 484 (B 13) - it —4% T &
LLP-1 #» LLP-2 & %t multimerization Fr+&EdYy » M4+ 7 MBP fusion
protein MBP/816-844 #f= MBP/760-775 - 3t — fusion protein P encode =
LLP-1 #= LLP-2 % %7 C 3% # deletion - # R £ 3R, MBP/816-844 %
monomer @ MBP/760-775 X 8f 4~ & monomer A — s 3R £ ¥4 low-
ordered oligomer # X H 74 (B 13) - 8+ 7 LLP-1 fo LLP-2 £ 37&
multimerization AL AEERZAE - '

(=) 3t

A3 B2 44 8 69 A gpdl cytoplasmic domain 2 MA Z 48 E4EA &
cytoplasmic domain B 4 442 - 4tHE—M@B & > KMIRA T yeast two-
hybrid system Fe i 4§ 7 & i& 69 % & RA4E in vitro protein binding assay » # yeast
two-hybrid system #7;% A #¥:k detect | —H MM EZIER - X TEEEHZ MA
%A yeast A ki > MiEd encode MA Z yeast two-hybrid H 5%/ DNA-
binding domain 2 DNA-activation domain $2 MA coding sequence Fa‘i—z DNA
78t MA K% coding DNA A-7|4.4& DNA TR #EHAR ey » Mmidss MA-
coding A %)% w1 yeast two-hybrid K #8 A3 T it #: £ pET32a(Chl3-tag) dLik ik
E. coli Akit (B 4)> BATiE# encoding MA % yeast two-hybrid K 52 & 4
JEfi yeast HFR AL MA ZBREBRER -

KPR RRERIEZLfethibsy MA 3w MA #5844 4 % protein
A-Sepharose & #e gp4l cytoplasmic domain 4k A 2] 7T &8 MA T f= gpdl
cytoplasmic domain 706 £ 855 #4- (k& 4)° @ gp4l cytoplasmic domain = N
WHHWESETEFR M C RUALESA M -tTd R4 gpdl cytoplasmic 760 £
855 X 789 % 855 X fusion protein BF T fe MA 4R (k 4) - sbsb » R EABE
752 £ 775 RMEAAAEY B4ALE 706 £ 775 2 fusion protein T
Fo MA &4 M4 /KB 706 £ 752 % fusion protein 4pf&ikfe MA &4
(k 5 A—% @ % G-tag/Env Z & sk#o beads &4 » Hioshibey MA &
BRRA1ER » BA Western 7 zkARMe REF2 MA 895 E - 448G —@
FTRRETEHE env fo MA HESNREL  2dh S —BAFQRERETE >
7B & e o

1 E =M@ B & » KX monomeric % & MBP fusion protein % if £ 4

R¥%3 HIV-1 gp4l = cytoplasmic domain & Z+T 4 47484 sk — oligomer - &
sucrose gradient centrifugation - chemical cross-linking Fe gel filtration % 75 %1%
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4o cytoplasmic domain B # {# MBP #£ % s — high-ordered structure = &
(B 6-E 8 -B 9B 11) ks> — %% N 58k C 3% deletion mutants =
MR AF4 B4R 706 £ 752 £ FBEA self-assembly 2487 (B 12) 0 @ &
£ 753 % 856 5B A %18 multimerization % sequence (B 12) - % s 1M
4, map cytoplasmic domain A = =1# o-helix » LLP-1 fv LLP-2» KRG % A
self-assembly 2t/ (B 13) B &iE#f8 sequence = C %A R A# deletion
e REZE LLP-1 #o LLP-2 K% % self-assembly A5 (B 13) -

£ 1M A7 88 %K %] ¢ MBP/706-856 fusion protein 7& sucrose gradient
centrifugation & gel filtration % P77 sk multimer #F-% rbde & trimer
tetramer # 5 K o ™ B #7 G4 gp4l oligomerization &ty & ectodomain Fj % ift
N 34y leucine zipper-like motif feif TM domain Z C-terminal a-helix 7 &
— six-stranded % coiled-coil - £ J leucine zipper motif & 7 & ¥ & 2 —
trimeric coiled-coil » 7 C #%Z a-helix R R &332 leucine zipper motif % p —
dimeric #i% » B4{Z# leucine zipper motif 7 & trimeric coiled-coil % groove
A o B AE 4% 1% 34530 & & membrane fusion B> gp41 core FfE A = fusion-active
conformation - %% Z B 77 &b » #2H XEkRE45 5 HIV-1 gp4l cytoplasmic
domain 7F¥ %t gp4l % assembly o |

#F a9 4 £ leucine zipper motif 7& fusogenic conformation Z trimeric &
#R—5 ) K AEFER gpdl cytoplasmic domain $27%# membrane fusion Fo
postbinding % iBF2H B - Z gpl20 2 CD4 % CXCR4 % CCRS & 4@m3li
membrane fusion 84 # E X% conformation #4t ¢,3% ectodomain A= N 3%
% C ##8) o-helix peptide 7 sk, — fusogenic coiled-coil conformation » THb G
jest#E conformational change Z 3% i® TM domain 14 £ cytoplasmic domain
#4413 7% B native #% f£= monomeric 2, trimeric Z cytoplasmic domain #% 4%
& — high-ordered multimeric structure @ Env mutant #: % C 3% cytoplasmic
domain %] 4r#5%% multimerization > i&474L B @&k 7 &y native #K B K —
B A hAEM 2 postbinding ik » @A mutant Env 2/ HF T EASEM -
% —TH 898 B £ cytoplasmic domain C 3% 2/3 ER KL » K@ gpdl
ectodomain T 47— pore #ii¥ » X T4&E fusion pore » ##& high-ordered 1%
i LA ¢ viral core i\ infected #mAi = cytoplasm A &)3haE o ¥ Env H
cytoplasmic domain % C % 4% » &4 mutant Env #HEEKE wt Env 7
% mk % complex B¥ < disrupt ¥y wt Env FF7H m X pore H K ® T pore =
permeability » E'fm 455t 7 viral core ZiEXNmfe -

WHEMATL > AMMOAERE —EER—@KEZ Env protein cytoplasmic
domain K % £ & 474.% /& — high-ordered #it it h - I RMIHHRTLE R
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% T 7 M cytoplasmic domain & LLP sequences f& postbinding - pore
formation Feéafejm ¥ LATHRA E X BB MEHRZ KF] > MLHRLFBIAT
& gp4l fAjs#H — g membrane fusion BAZ ¥ 2 4H-F#H| o B AT K IEE
B RRE » BHIZAANBERM peer-reviewed Z 55 HHF AT o

EAF-3"3:%: ¢ ]

&it — % 7 A gp4l cytoplasmic domain fo MA M EH A » X
mammalian in vivo ki ZAGRFEH_ZMILARA L LB DA SE
h=%94 invivo AEFRAZRYE > HA A mammal matchmaker % %% — @&
FehiEFEF K - s> 383 gpdl cytoplasmic domain A AR £ B # b — 3 5
ZHEGRABAEERTR —BATARERNRE - T AZIHARERFTHER—
eI g kiR 2 AR (target) MATEE novel M Eikim iy - shsh 0 %K
MRl tm B &k iE & 403590 gp4l cytoplasmic domain § 47 & if 6¥ L & 4%
monomeric Z MBP $%4% s high-ordered structure 2 #§77 #X /L8 #% (eucaryotic)
ta i+ » gp4l cytoplasmic domain & Z 45 £ multimerization = £ 45 1% @
%o o WP HIRMZ T H o A B3k domain & gp4l #7514 % membrane fusion
BETHAARZSTHRA -
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Table 1. Construction of Two-Hybrid Plasmids Based on
the Gal4 Promoter System

Plasmids:

Selection
Marker:

Catagory:'

Inserts:

pGBT9

TRP1

Gal4 DB

env706-856
env760-856
env789-856

gag1-88
gag1-104
gagl-132

pGBTOL

TRP1

Gal4 DB

env706-856
gag1-377

pAS2-1

TRP1

Gal4 DB

env706-856
gagi1-132

pGAD424

LEU2

Gal4 AD

env706-856
env760-856
env789-856

gag1-88
gag1-104
gagi-132

pGAD424L

LEU2

Gal4 AD

env706-856
env760-856
env789-856

gag1-377

pGAD GH

LEU2

Gal4 AD

gag3-132
gag3-377
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Table 2. Construction of Two-Hybris Plasmids Based on
the LexA Promoter System

Plasmids: Selection Catagory: Inserts:
Marker:
pBHA TRP1 LexA DB - | 706-856
' N gagi-132
pEG202 HIS3 LexA DB env706-856
gagi1-132
gag1-377
pJG4-5 TRP1 | B42 acid patch trx gag1-88
. activation domain gagi-104
gag1-132
gag1-377
pSH18-34 . URA3 reporter plasmid

8 LexA operators in
front of lacZ gene

pGAD424 LEU2 Gal4 AD env706-856
' env760-856
env789-856

gag1-88
gag1-104
gagi-132

env760-856
env789:856

gag1-377

pGAD424L LEU2 Gal4 AD env706-856

pGAD GH “LEU2 Gal4 AD gag3-132
gag3-377
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Table 3.The yeast strains and plasmids that have been tested.

Yeast strain

1° plasmid

2° plasmid

HF7c

pAS2-1-env706-855

pGAD424-gagl-132

HF7c

pAS2-1-gagl-132

pGADA424-eriv706-855

Y190

pGBT9-env706-855

pGAD424-gagl-132
pGADA424-gagl-104
pGAD424-gag1-88

Y190

pGBT9-env760-855

pGADA424-gagl1-132
pGAD424-gagl-104
pGAD424-gag1-88

Y190

pGBT9-env789-855

pGADA424-gagl-132
pGAD424-gagl-104

|pGAD424-gag1-88

Y190

pGBT9-gagl-104

pGAD424-env706-855
pGAD424-env760-855
pGAD424-env789-855

Y190

pGBT9-gagl-88

pGAD424-env706-855
pGAD424-env760-855
pGAD424-env789-855

Y190

pGBTIL-env706-789

pGAD424L-gagl-377

Y190

pGBTOL-gagl-377

pGAD424L-env706-855

L40

pBHA-env706-855

pGAD-GH-gag3-132 ;
pGAD424L-gag3-377
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Table 4, Binding of recombinant proteins encompassing the gp41 cﬁbplasmic domain to MA by
ELISA. |

Fusion protein Relative binding

containing Absorbance at 492 nm

PBS only 0.070 ,
G-tag 0.071

G-tag/gp41 CD(706-855) 0.160

G-tag/gp41 CD(760-855) 0.133

G-tag/gp41 CD(789-855) 0.134
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Table 5. Binding of gp41 cytoplasmic domain fragments to MA.

Fusion protein Relative binding to MA
containing Absorbance at 492 nm
PBS only 0.184

G-tag 0.189

G-tag/gp41 CD(706-855) 0.617

G-tag/gp41 CD(760-855) 0.480

G-tag/gp41 CD(789-855) 0.478
G-tag/gp41 CD(804-855) 0.924

G-tag/gp41 CD(815-855) 0.695

G-tag/gp41 CD(706-752) 0.183

G-tag/gp41 CD(706-775) . 1.034

G-tag/gp41 CD(706-795) 0.824

G-tag/gp41 CD(706-812) 0.467

G-tag/gp41 CD(706-844 0.526

G-tag/gp41 CD(789-855) | 0.478

25



710 720 730 740 750 760 770 780 790 800 810 820 830 840 850
I N N RS R S R MO AN NS RS AN A A

856 (151 a. a)

-856 (97 a. a) ) {

-856 (68 a. a) |

-856 (53 a. a) ) |

-856 (41 a. a) ‘ " |

752) (46 a. a) |

775) (70 a. a) _ _ |

795) (90 a. a) ' i

12) (107 a. a) ‘ ]

44) (139 a. a) | |

10a.a

fi

Fig. 1. A representatlon of proteins encoded by pET32a(G -tag)-gp41
cytoplasmic domain plasmids.
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Polylinker
. cloning site
lacl P, - malE \ lacZa

L L " ‘ .

EcoRI , Sall

MBP/706-856
‘ 706 . 856

MBP/252-273 [
252 273

FIG.2A Construction of pMal-based env expression plasrr;ids. The coding sequences of the entire
cytoplasmic domain from residues 706 to 856 and of 252 to 273 of gp120 were cloned by PCR
and inserted into the pMal vector using the EcoRI and Sa/l cloning sites in the polylinker cloning

region.
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FIG. 2BConstruction of pMal-based plasmids that encoded different regions of the cytoplasmic
domains. DNA fragments encompassed by the EcoR1 and Sall linkers corresponding to different
regions of the cytoplasmic domain were obtained by PCR using specific primers and templates
ac deeeribed in Table 1 and Table 2. and cloned into the pMal vector.
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Fig. 4. Expression of recombinant MA proteins.
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FIG. 6.Sucrose gradient analysis of MBP/706-856. Cell extracts which contained MBP/706-856
were analyzed by 20% to 45% sucrose gradient centrifugation followed by Western blotting
using anti-HIV. The top panels show that the samples were directly loaded onto the gradient and
the bottom panels indicate that the samples were first treated with a final concentration of 1%
SDS at 4°C for 30 min prior to centrifugation. The following standard globular proteins with
cadimentatian coefficiente chown in narentheses were sedimented in parallel: thyroglobulin
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FIG. 8. Cross-linking of the MBP/706-856 fusion protein. Purified MBP/706-856 (1.3 pg) was
reacted with different concentrations of glutaraldehyde as indicated and then analyzed by
Western blotting with anti-MBP. The arrowheads indicate the migration of different forms of
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FIG. 8. Cross-linking of the MBP/706-856 fusion protein. Purified MBP/706-856 (1.3 pg) was
reacted with different concentrations of glutaraldehyde as indicated and then analyzed by
Western blotting with anti-MBP. The arrowheads indicate the migration of different forms of



-t 0
-
- (q

Relative Absorbance

10 20 30 40

Elution Time ( min )

Fraction number 1315 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 kDa

— 200

— 43
- —29

FIG. 9. Gel filtration chromatography of MBP/706-856 using Superose 6 size -exclusion
column. Purified MBP/706-856 was injected into a Superose 6 column and the protein elution
pattern as measured by UV absorption at 280 nm is shown (top panel). The elution peaks of the
molecular weight standards are marked on the top of the elution profile with arrows. These
molecular weight markers are: (a) blue dextran (2,000 kDa); (b) thyroglobulin (670 kDa); (c)
ferritin (440 kDa); (d) catalase (232 kDa); (e) aldolase (158 kDa); (f) albumin (67 kDa); and (g)
ovalbumin (43 kDa). Aliquots in the fractions as indicated were analyzed by Western blotting
using anti-HIV (bottom panel).
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FIG. 10. Gel filtration of MBP/252-273. Purified MBP/252-273 was analyzed by Superost

column (top panel) and the result of Western blotting using Chessie 13 is also shown (bott:
panel).
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Fig. 12. Characterization of MBP fusion proteins containing different regions of the cytoplasi
domain by sucrose gradient analysis. Aliquots (0.5-ml) of crude cell extracts containing fus
proteins as indicated were subjected to 20% to 45% sucrose gradient centrifugation followed
Western blotting analysis. Fusion proteins containing residues 760-856, 789-856, 805/856, 7
844, 706-813, and 706-795 were analyzed by anti-HIV whereas fusion proteins contain
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FIG. 13. Analysis of MBP fusion proteins containing LLP sequences by sucrose gradient
centrifugation. Fusion proteins containing the sequences as indicated were sedimented through
sucrose gradient centrifugation. Fusion proteins in the fractions as indicated were analyzed by
Western blotting using anti-HIV for detection of the 816-856 fusion protein and anti-MBP for
detection of 816-844, 760-795 and 760-775 fusion proteins.
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