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Table 1. Data collection statistics of the native VI V2 

4.93-3.91 966 3905 965 99.9 
3.91-3.42 963 3959 963 100.0 
3.42-3.11 946 3844 944 99.8 
3.11-2.88 948 2829 743 78.4 
2.88-2.71 934 1397 406 43.5 

00 - 2.71 5771 19804 5030 87.1 

Data collection results are shown for various successive ranges of interplanar shells. 
Values for number of predicted unique reflections, total number of measured reflections, 
number of unique reflections that exist, and fraction of theoretically possible data 
measured. 
INumber of predicted unique reflections. 
2Total number of measured reflections. 
3Number of unique reflections that exist 
4Fraction of' data observed. 
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III. Expression of a Murine CD4 Fragment in Chinese Hamster Ovary 

(CHO) Cells 

A. Expression and Purification 

A cDNA fragment encoding the flrst 184 amino acids of murine CD4 was created by 

polymerase chain reaction (PCR) (Saiki et al., 1988) using the following oligonucleotides 

as primers: 

GTCGAATTCACCACCATGTGCCGAGCCand 

GCTGGA TCCCT A TGTGCTCTGAAAAACCCCAAG. A PCR fragment was generated 

so that an EcoRI site was at the 5' end, followed by 639 bp encoding the VI and V2 

domains, and a stop codon followed by a BamHI site was introduced after amino acid 184. 

This EcoRI-BamHI fragment was then cloned into the EcoRI and BamHI sites of the 

poly linker of the expression vector pBJ5.GS (Gastinel et al., 1992) to obtain 

pBJ5.GS.mCD4. This cloning task was done by Pamela J. Bjorkman. 

To obtain CHO cells expressing the VI V2 fragment of murine CD4, we used the 

glutamine-synthetase-based ampliflable expression system as described in Chapter 2. For 

the selection of clones expressing high levels of the truncated m VI V2, medium was filtered 

through a nitrocellulose paper using a Minifold II slot blot system (Schleicher & Schuell 

#SRC072/0), and the presence of mVI V2 was veri fled by immunostaining, using the 

monoclonal antibody, GKl.5. Cells of the clone producing the highest level of mVIV2 

were grown in a Cell Pharm II hollow-fiber (Unisyn Fibertec, San Diego) bioreactor device 

in the presence of 100 J,J.M of methionine sulfoxime. 

To purify mVI V2, the monoclonal antibody GK1.5 was used for immunoafflnity 

chromatography. Ascites fluid containing GK1.5 (-10 mg/ml) was partially purifled to 
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-70% pure by 50% (NH4hS04 precipitation and dialyzed against 0.2 M NaHC03, 0.5 M 

NaCI, pH 8.6 (coupling buffer). About 50 mg of GK1.5 in 5 ml of coupling buffer were 

covalently linked to 7 ml of CNBr-activated Sepharose (-8 mg/ml) according to the 

manufacturer's directions (Pharmacia). Alternatively, Affi-Gel-lO-GK 1.5 coupled beads 

(-15 mg/ml capacity) were made in 0.1 M MES, pH 6.1, in which GK1.5 but not albumin 

(a major contaminant in the mouse ascites fluid) linked to the Affi-Gel lO beads (BioRad). 

About 500 ml of supernatants from Cell Pharm (daily harvest) were put on the column at a 

flow rate of 20 ml/hr at 40 C, and the column was washed with 500 ml of PBS, 0.05% 

sodium azide with protease inhibitors (1 mM EDTA, 100 IlM PMSF, 0.5 Ilg/mlleupeptin, 

1 Ilg/ml aprotinin). The protein was then eluted by 0.1 M sodium acetate, pH 3.2. 

Fractions of 3 ml were collected in test tubes containing 0.5 m1 of 1 M phosphate (pH 8.2) 

for immediate neutralization (Fig. 5). In general, about 0.3 mg of mVIV2 was obtained 

per daily harvest from the Cell Pharm containing a 250-ml hollow-fiber bioreactor (Table 

2). 
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Fig. 5. SDS-PAGE analysis of eluted fractions of purified mVl V2 expressed in CHO 
cells. Fractions (lane 1 to lane 5) containing purified mVIV2 proteins eluted from the 
GK1.5 monoclonal antibody immunoaffinity column (pH 3.2) were subjected to 12% 
SDS-PAGE and visualized by coomassie brilliant blue R-250 staining. 
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Table 2. Harvest of m VI V2 in Cell Pharm IIi 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

8-09-91 
8-13-91 
8-16-91 
8-19-91 
8-22-91 
8-26-91 
8-28-91 
8-31-91 
9-03-91 
9-05-91 
9-06-91 
9-10-91 
9-12-91 
9-13-91 
9-16-91 
9-18-91 
9-19-91 
9-20-91 
9-23-91 
9-24-91 
9-26-91 
9-30-91 

10-02-91 
10-04-91 
10-07-91 
10-09-91 
10-11-91 
10-14-91 
10-15-91 

300 
400 
220 
200 
510 
490 
570 
640 
820 
810 
330 
760 
700 
430 
620 
400 
580 
520 
620 
770 
550 
610 
500 
530 
600 
710 
420 
430 
450 

0.6 
0.4 
0.4 
0.5 
0.5 
0.5 
0.5 
1.1 
0.5 
0.5 
0.3 
0.3 
0.4 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

1108 cells of clone CD4.27 were inoculated into Cell Phann II on 07-30-91. 
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B. Oligomeric Multimers of the Expressed Soluble mVIV2 

Purified mVI V2 from CHO cells migrates in two forms with an apparent molecular 

mass 28 kDa and 29 kDa (Fig. 5) on a reducing 12% SOS polyacrylamide gel (SOS­

PAGE). This might be due to glycosylation heterogeneity since there is one potential N­

linked glycosylation site at amino acid 161. Similar results have been observed for the 

expressed rat VI V2 fragment from CHO cells, which is expected to have one-carbohydrate 

structure (Williams et al., 1989). When the purified m VI V2 was run on an FPLC 

Superose 12 column, however, peaks were observed at the position of the void volume, at 

a position corresponding to a monomer, and intermediate positions (Fig. 6). Fractions 

from the gel filtration chromatography were subjected to 12% SOS-PAGE in either non­

reducing or reducing condition. As shown in Fig. 6, fractions of higher molecular weights­

appeared to correspond to covalently linked oligomers, since they could be reduced to a 

monomer in the presence of ~-mercaptoethanol. To examine if these oligomers were 

produced during the low pH elution from the affinity column, fractions containing 

multimers were collected as pool I, and the monomer fractions were collected as pool II. 

Pool I was repurified by the immunoaffinity chromatography, eluted, concentrated and run 

on the FPLC Superose 12 column as described above. Fig. 7 shows a gel filtration profile 

of the repurified multimers, indicating that, first, the eluted oligomeric forms can interact 

again with the monoclonal antibody, GK1.5, and, second, that they remain as oligomers 

after repurification and re-elution. Pool II, composed of the monomer of mVI V2, 

similarly, was re-chromatographed using FPLC Superose 12 column. As expected, the 

major peak migrates in the position of a monomer. Nonetheless, proteolytic fragments, -12 

kDa and -6 kDa, appeared, indicating that either mVI V2 monomer and/or its multimers are 

unstable. These results strongly suggest that the expressed mVI V2 forms covalent 

oligomers mediated by disulfide bonds, and may indicate improper folding of the VI V2 

fragment. 
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Fig. 6. Characterization of purified mV1V2 expressed in CHO cells. 100 ~l of purified 
mV1 V2 proteins (3 mg/ml) were applied on a FPLC Superose 12 column in 10 mM Hepes, 
0.2 M NaCl, 1 mM EDTA, 0.04% NaN3, pH 7.5, at a flow rate of 0.4 mVmin. Fractions 
(#8-#18) were subjected to 12% SDS-PAGE in either nonreducing (a) or reducing (b) 
conditions and were visualized by silver staining. 
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Fig. 7. Gel-filtration profile of repurified mVIV2. Fractions of the size exclusion 
chromatography (A) were collected into two pools, pool I (higher molecular weights) and 
pool II (most are monomers ofmVIV2). Pool I was repurified, eluted, concentrated and 
was applied on anFPLC Superose 12 column (B). Pool II was concentrated and applied 
directly to the Superose 12 column (C). 
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Since human VI V2 has been successfully expressed in CHO cells (Arthos et al., 

1988) without problems of oligomerization, it is surprising that the analogous murine CD4 

fragment forms multimers. To check for possible point mutation(s) introduced during the 

PCR generation of the VI V2 coding sequence, mVI V2 in pBJ5.GS.mCD4 was sequenced 

completely by Ilana Tamis. The sequence corresponded exactly to the published sequence 

of murine CD4 (Littman and Gettner, 1987). Since a cysteine residue is found in the leader 

sequence, a protein with a free sulfbydryl would be generated if the signal sequence was 

not properly cleaved to generate the mature protein. To check for this possibility, purified 

mVIV2 was subjected to N-terminal sequencing (Caltech facility). The sequence obtained, 

KTLVLGKEGETAXL, exactly corresponded to the first 12 residues of murine CD4 

(Littman and Gettner, 1987), thus ruling out the possibility due to an extra cysteine in the 

uncleaved signal peptide. 

When comparing mVI V2 to the human VI V2, it is interesting to find that the human 

VIV2 is unglycosylated while mVIV2 contains a single N-linked glycosylation site. 

Surprisingly, we notice that the fourth cysteine (residue 162) isone residue C-terminal to 

the potential N-linked glycosylation site (residue 161 is Asn). Addition of N-linked 

glycosylation moieties may differ in CHO cells and murine T lymphocytes. It is possible 

that glycosylation might interfere with the formation of the disulfide bond. Both 

glycosylation of asparagine residues and the formation of disulfide bonds are 

cotranslational processes, occurring immediately after transport of the nascent polypeptide 

into the lumen of the rough endoplasmic reticulum (Rothman and Lodish, 1977; Glabe et 

al., 1980; Bergman and Kuehl, 1979). It therefore raises an interesting possibility as to 

whether such a mechanism results in misfolding for mVIV2. Future experiments will be 

attempted to examine this possibility using tunacamycin, an inhibitor for N7linked 

glycosylation. This will be important to design an efficient way to express m VI V2 for a 

structure determination, as well as important for understanding the cell biology. 
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ApPENDIX B 

ENZYMATIC CLEAVAGE OF A CD4 IMMUNOADHESIN 
GENERATES CRYSTALLIZABLE, BIOLOGICALLY 

ACTIVE Fd-LIKE FRAGMENTS 


