






























































































































































































































































































































































Immune response to HCoV-NL63 N

response to an intracellular pathogen, like a virus, is important for the effective functioning of
the innate immune system during infection (Stark, Kerr et al. 1998; Takaoka and Yanai
2006). In fact, SARS-CoV N suppresses IFN expression by targeting cellular recognition
receptors on the host cells in the innate immune pathway (Frieman, Heise et al. 2008; Thiel
and Weber 2008). The production of innate immune system cytokines during HCoV-NL63
infection has not yet been studied in detail. Therefore, in this chapter, we looked at the
response of two cytokines, namely IFN-y and IL-10, to the treatment of whole blood with
HCoV-NL63 N. Results for N1, N2 and N3 showed that HCoV-NL63 N did not stimulate
IFN-vy secretion (Figure 3.6). This could indicate that the HCoV-NL63 N protein may have a
low-level impact on cell mediated immunity, although there are no previous studies to
support this. IL-10 is an anti-inflammatory cytokine produced by Th2 cells, which stimulates
humoral immunity i.e. B cell activation and maturation resulting in antibody production
(Storni, Kundig et al. 2005; Viveros-Paredes, Puebla-Perez et al. 2006). Results showed that
none of the recombinant viral proteins had an impact on IL-10 synthesis. This could indicate
that the HCoV-NL63 N1, N2 and N3 proteins do not have an immune-suppressive effect on
humoral immune response system (Figure 3.5); however optimization and repetition of this

experiment is required to substantiate this viewpoint.

Although donors showed similar I1L-6 responses, there were slight differences in the
secretion levels of this cytokine (Figure 3.4.). This individual variability could be attributed
to the fact that patient blood samples can rarely be standardised, as responses are dependent
on the functionality of an individual’s existing immune system. Nonetheless, data obtained
provided a vital understanding into the immune response elicited by the HCoV-NL63 N

protein. Even though the results for this pilot study showed that HCoV-NL63 N stimulated a
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pro-inflammatory response, further investigation to identify immuno-stimulatory epitopes for

N is required.
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The human coronavirus NL63 was discovered in 2004 and shown to be a clinically important
virus. HCoV-NL63 affects mainly children, the immunocompromised and the elderly.
Infection with HCoV-NL63 may result in upper respiratory infections and can also present

with complications like asthma exacerbation, febrile seizures and high fever.

The virus is assembled through the interaction of four main structural proteins, the
spike (S), membrane (M), envelope (E) and the nucleocapsid (N). Of these structural
proteins, the nucleocapsid protein is of vital importance in the formation of the
ribonucleocapsid core via the interaction with viral RNA. Assembly occurs when the N
protein undergoes N-N homotypic interactions and thereafter interacts with the viral RNA.
The N protein has also been shown to interact with the M protein on the virus surface during
the assembly process. In this study, molecular techniques were used to characterize the

properties of the various HCoV-NL63 structural proteins.

Using viral RNA as a template, RT-PCR was used to generate cDNA of the HCoV-
NL63 genome. The E, M, ORF3 as well as the hydrophilic regions of the ORF3 (ORF3AN)
and M (MAN) proteins were PCR amplified and ligated into the pPGEM® T-easy vector for
sequencing. Once sequences were confirmed, using M13 primers, the genes were removed
from the vector by Sgfl and Pmel enzyme restriction; these enzymes allow for cloning into
the pFLEXI bacterial expression vector. The pFLEXI vector was used to transform KRX
strain of competent E. coli cells which served as our expression model. SARS-CoV N,
HCoV-NL63 N, as well as well as truncated mutants corresponding to the N- (N2) and C-

terminal (N3) of the HCoV-NL63 N protein, were included for expression.

Transformed cells were grown in LB culture and protein expression was induced with
the addition of rhamnose. Cultures were subsequently harvested by centrifugation and lysed

by sonication. Protein detection was carried out by means of a Western Blot against the GST
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affinity tag. E, M, ORF3, ORF3AN and MAN HCoV-NL63 protein expression could not be
optimally expressed as a result of several drawbacks encountered. A major one being high
levels of background expression, which put the cells under unnecessary stress in the
logarithmic phase of growth and thereby proving toxic to the cell. Therefore, in future
studies, the expression conditions need to be further optimized to allow expression.
Recommendations to improve protein expression include (1) the use of another expression
vector system that may not prove toxic to E. coli; (2) change the GST tag to the newly used
Halo-tag; studies have shown the latter to be more efficient in facilitating detection and
solubility; (3) the use of Kozak sequences to initiate an effective protein translation process.
However, the pFLEXI/KRX system proved to a good model in the expression of the HCoV -
NL63 N proteins and its truncated clones. The use of lysozymes in the lysis buffer proved
effective in increasing protein solubility from the membrane bound cell fraction allowing the

HCoV-NL63 N1, N2 and N3 proteins to be detected.

These HCoV-NL63 N proteins were subsequently purified using a MagneGST™
purification system. Using whole blood cultures from three patients, 1L-6, IL10 and IfN-y
cytokine levels stimulated by these recombinant N viral proteins was indentified. We found
that the HCoV-NL63 N1, N2 and N3 proteins caused significant IL-6 levels in culture
indicating that an inflammatory response is activated by these proteins. Therefore, the
hypothesis that the HCoV-NL63 N protein is able to elicit an effective inflammatory response
in a whole blood culture system was proven. The N1, N2 and N3 proteins did not stimulate a
detectable IL-10 and IfN-y response and thus, definitive results concerning these cytokines
would require further study. Both the N- and C-terminal of the N protein, however, equally
stimulated an IL-6 response, indicating the presence of several immunogenic peptides
dispersed along the entire length of the HCoV-NL63 N-protein. It could also be indicative of

the division of one immunogenic peptide between the N- and C-terminal. Inclusion of the
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middle disordered region would therefore aid in characterizing the immunogenicity of the N-
protein. Future studies will include identifying the regions involved in dimerization and RNA
binding, production of antibodies in a murine model and developing an antibody capture

ELISA.

Of particular interest, since the conclusion of this thesis, a new coronavirus was
discovered in the Middle East earlier in September 2012. Scientist first identified the new
virus HCoV-EMC/2012 in a 60-year-old man suffering from acute pneumonia. The virus has
since resulted in three fatalities, even though it has been shown to be closely related to
viruses in Asian bats. This served as reminder to health authorities around the world of the
threat posed by coronaviruses. Since the SARS epidemic in 2002, it has become evident that
highly pathogenic coronavirus strains can still evolve and thus ongoing research is vital in

understanding coronaviruses.
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APPENDIX I: Vectors and Sequences
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Figure 1:This diagram represents the vectors that were used to clone the genes of iterest. The figure marked “A” indicates PGEM-T Easy cloning vector.
pGEME-T easy vector was chosen because of its convenience for cloning PCR products acting as a shuttle vector to allow for confimmation via sequencing. The
figure marked “B”, on the other hand, represents the GST tagged bacterial expression vector that is appended by Sgfl and Pmel restriction sites. The T7

promoterupstream controls the expression of the DNA insert.
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Figure 2: Sequence verification of the cloned HCoV-NL63-E gene in pGEM.

Cloned genes were sequenced with M13 forward and reverse primers. M13

primer binding sites are located up- and down-stream of the multiple cloning site

allowing for easy sequencing (This data applies to figures 2-5). E1&2 F rev4C

represents the gene strand sequenced with M13 forward primers, where the E1&2 R

represents the gene strand sequenced with M13 reverse primers. The label original is

the sequence of the HCoV-NL E gene obtained from NCBI with accession number

AY697421

113



Appendix

HALE ORE3

HALF ORF3

KALE_ORE3_
KALE_ORE3_
NL63-0RES_

EALF ORES_

NLE3-ORE3_

HALE_ORE3_
HALE_ORF3_
VL63-0RE_

HALE_ORF3_

LE3-ORE3_

HALE ORE3_
HALE_ORE3_
NL63-ORE3_

* 340 ¥ 360 X 360 § 400
: TCG;CQGG‘?TATT:\TGCCTAT“.‘T"‘"/\TI-MW‘TTT'“"f\T”T'“T"TT""‘TI"UTI?T”~.' TAAAC .AT'ZC?TI.C?TTFR‘» N . 162
AT C CC "'"'1"T""ATI"'l"l‘A'L'."I‘t ATARARATTTTTCATPTRTTT T GTTCAATGT TACTAARCTAT GOTTCRTT T CAGGC AL
VW I GCTATTATGOCTATCTCTATAAAAAT T TTTCAT T TGT T TTGI TCAATGT TACT AAACT ATGCTTCGT T T CAGCC LR
athccGGCTATTA’I‘GCCTA’I‘CTCTATAAAM’PTTTTCATTTGTTTTGTTCMTGTTACTAAACTATGCTTCGTTTCAGGC
4 420 4 440 X 460 2 480
AN GTGTTGETATCTTGAACART CATT T TATGARARTCCT T TGET GOTATT T ATGGT GETCACCACTAT GTCGT T T TAGCT ALK
AN GT CTTGCTAT CT T GAACART CATT T T AT GARART CCT T T TGCT GOTAT T AT GGT GO CACCACTAT CTCOT TTTAGCT I,
HAAGT T TGETATCTTGAACAATCATTT TATGAAARTCGITTTGCTGETATTTATGRT GATGACCACTAT G CGT TT TAGGT R
ARGTGTTGGTATCTTGAACAATCATTTTATGARAATCGTTTTGCTGCTATTTATGGT GGTGACCACTATGTCGTTTTAGGT
% 500 X 520 * 540 i 560
3G GAAACTATTACTTTIGTTTCITTTGATGACCTTTATGITGCTAT TAGAGGET TCT TGTGAAAAGRACCTACAACTTAT CHEEEL
: uwv, ATTACTTTTGITTCITTTGATGACCTTTATGITGCTATTAGAGGTTCT TGT GAAAAGAACCTACARCTTAT CRAR
G GARACTATTACT TTTGT T TCTT T GATGACCTTTATGITCCTATTAGAGGT TCT TR GAAAAGAACCTACARCT TAT T
GGTGAAACTATTACTTTTGTTTCTTTTGATGACCTTTA"‘GTTGCTATTAGAGGTTCTTGTGAAAAGAACCTACMCTTATG
¥ 560 2 600 s 620 ¥ 640
T AAGGTTGAC ""u” TARTGEIGLTET "AT"TL“LI”T”T 3""‘fl.i.a‘}.i.“-""‘.'?‘.iﬂ:-'T”" e 405
TGACTTGTATAAL GICA CCGAAGAGCCTGTTGTTS .1~ COC TT“”' e ;451
T~ -""“""Tf””»'r)frl"'"”T“T'*hT”IA"“l I‘”T“‘”'"" GAGCCTGTTCTTGETATAGTCTACTCTTCT CAANMEGIS
CGTAAGGTTGACTTGTATAATGGTGCTGTCATTTACATTT T GCCGAAGAGCCTGTTGTTGGTATAGTCTACTCTTCTCAA
X 660 ¥ 680 1 700 * 720
CTATACGAAGATGITCCTTCGATTAAT TGA TMMACGGCCGTT AMCCGACAATCACTAGTGAAT T CGCGGCCGCCT CRELT
B TATACGAAGATGTTCCTTCGATTART TGA TTTWCGGCCG'M"MALCGACMTCA"‘T)\GTGMTTC&:CGGCCGCCT ' 932
¢ VeV e AN ANV IV - = = = = = o e e e e ' 676
CTATACGAAGATGTTCCTTCGATTAATTGAgtttaaacqgccqttt aaaccgacaatcactagtgaattegeggecgecty

Figure 3: Sequence verification of the truncated clone of HCoV-NL63 ORF3AN-

gene in pGEM. The first HALF_ORF3_

represents the gene strand sequenced with

M13 reverse primers, whereas the second HALF_ORF3_R below represents the gene

strand sequenced with M13 forward primers. NL63-ORF3 is the sequence of the

HCoV-NL63 ORF 3gene obtained from NCBI with accession number AY697419.
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Figure 4: Sequence verification of the truncated clone of HCoV-NL63 MAN-gene

in pGEM. The first HALF_M_For represents the gene strand sequenced with M13

forward primers, whereas the second HALF_M_Rev represents the gene strand

sequenced with M13 reverse primers. NL63-M_AY6 is the sequence of the HCoV-

NL63 M-gene obtained from NCBI with accession number AY697422
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Figure 5: Sequence verification of the cloned full length HCoV-NL63 ORF3-gene

in pPGEM. The ORF3-5Cons represents the gene strand sequenced with M13 forward

primers, whereas the ORF3_1Cons represents the gene strand sequenced with M13

reverse primers. The middle sequence labelled original is the sequence of the HCoV-

NL63 ORF3-gene obtained from NCBI with accession number AY567487.2
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APPENDIX I1: Results of protein optimisation protocols using the pFLEXI vector
system

Induction at specific OD600 reading with fermentation at 37°C

As mentioned in section 2.3.3.2 of Chapter Il glycerol stocks were inoculated into 10ml of
LB medium and incubated for 14 hours at 37°C with shaking at 180rpm. Starter cultures were
diluted 1:100 into 200ml LB medium and incubated for approximately 4 hours when OD600
readings were taken. Once the culture reached an OD600 of 0.3-0.4, expression was induced
by the addition of 0.1% (w/v) rhamnose. Cultures were incubated as previously described for
24 hours when cells were harvested by centrifugation at 6000rpm for 15min. Detection was
carried out using SDS-page gel and Western blot. The observed molecular weights of the
recombinant proteins appended with an N-terminal GST tag were predicted to be MAN:
~42kDa; ORF3AN: ~42kDa; M: ~72kDa; ORF3 ~72kDa and E: ~36kDa. Figure six A and B
below represents the expression results obtained for this protocol. Expression was

undetectable and thus we further modified the expression protocol.

GST
(~27kDa)

Figure 6: (A) Coomassie stain, (B) Western Blot detection of GST fusion viral proteins.
Lane 1: E; Lane 2: M; Lane 3: MAN, Lane 4: ORF 3Lane 5: ORF3AN; Lane 6: Prestained
molecular weight protein marker; Lane 7: uninduced control. Lane order has been maintained

for Figure 6B.

117



Appendix

Large scale expression

The inability to detect protein expression and a reduced cell density a large scale culture was
necessary to obtain an ideal concentration for protein purification. The expression protocols
described previously was maintained where starter cultures were inoculated in 1500ml LB
medium with the addition of ImM IPTG on induction. A small level of protein expression
was seen detected for the M protein (Figure 7) however; upon repetition of this protocol,

expression was no longer detected.

M(~72kDa)— —

GST (~27kDa)

Figure 7: HCoV-NLG63 proteins by Western Blot with peroxidase labelled antibodies against
the GST fusion protein. Lane 1. E; Lane 2: M; Lane 3: MAN, Lane 4: ORF 3, Lane 5:

Prestained molecular weight protein marker; Lane 6: ORF3AN; Lane 7: uninduced control.
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APPENDIX I11: Cloning into the pGEX-4T-2 expression vector for further studies
using the IPTG inducible system.

Cloning of the HCoV-NL63 E, M and N genes into the pGEX-4T-2 expression vector

The pGEX-4T-2 vector was used to enable the expression of the HCoV-NL63 E, M and N
proteins outside the scope of this thesis. Protein expression from a pGEXplasmid is under the
control of the tac promoter, which is induced using the lactose analog isopropyl b-D-
thiogalactoside (IPTG).

The HCoV-NL63 E, M and N genes were PCR amplified (Figures 8, 9 and 10) using pCMV
primers (not shown). The forward and reverse primers contained an EcoR1 and BamH1

respectively to enable ligation into the “cut”pGEX-4T-2 vector.

278bp

Figure 8: PCR amplification of HCoV-NL63 E viral gene using pCMV primers.
Lane M: 100BP marker; Lane 1-4: HCoV-NL63 E; Lane 5: Blank; Lane6: Negative
control using all pCMV primers.
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o 700bp

500

Figure 9: PCR amplification of HCoV-NL63 M viral gene using pCMV primers.
Lane M: 100BP marker; Lane 1: HCoV-NL63 M-gene; Lane 2: Blank; Lane 3&4:

Negative control using all pPCMV primers.

700

500

Figure 10: PCR amplification of HCoV-NL63 N viral gene using pCMV primers.
Lane M: 100BP marker; Lane 1: Blank; Lane 2, 3&7: Negative control using all pCMV
primers; lanes 5&6 HCoV-NL63 N-gene.

The pGEX-4T-2 vector was linearised by digestion with EcoR1 and BamH1 (result not

shown) Following restriction digest, 20ul of the linearised plasmid was treated with calf
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intestinal phosphatase (CIAP) to remove the 5’ phosphates groups from the DNA. This will
prevent he pGEX-4T-2 vector from self re-ligation. The HCoV-NL63 E, M and N genes were
subsequently ligated BamH1 and EcoR1 digested and visualized on a 1% agarose gel to
confirm the presence of the gene of interest (Figure 11). Thereafter 50ng of insert was ligated
into the cut and CIAP treated pGEX-4T-2 plasmid. 10 ul of the ligation reaction was
transformed into competent BL21 E.coli. Transformants were selected on LB/agar/ampicillin
plates from which colonies were picked and grown in 10ml of LB cultures. The colonies
forming units (CFU’s) were PCR screened (Figures 12, 13 and 14) for the presence of the
correct HCoV-NL63 E, M and N inserts using the previously mentioned pCMV primers.
Glycerol stocks were prepared if these bacterial clones for further use. To verify the cloned
inserts were indeed present, plasmid DNA isolated was purified and sent for sequencing

(results not shown).

Figure 11: Restriction of theHCoV-NL63 E, M and N genes with EcoR1 and
BamH1 enzymes. Lane M: 100bp marker; Lane 1: HCoV-NL63 N-gene; Lane 2: E-
gene; Lane 3: M-gene. All viral genes have an appended 5’ EcoR1 and a 3 BamH1
restriction site to allow for digestion with respective enzymes and subsequent ligation
into the pGEX-4t-2 vector.
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500
300

Figure 12: Colony PCR of BL21 competent E. coli transformed with pGEX-4T-2
vector ligated with HCoV-NL63 E viral genes. Colony PCR was performed with
pCMV primers and used as confirmation of successful transformation and ligation.

Lane M: 100bp marker; Lane 1-9: E gene.

700
500

Figure 13: Colony PCR of BL21 competent E. coli transformed with pGEX-4T-2
vector ligated with HCoV-NL63 M viral genes. Colony PCR was performed with
pCMV primers and used as confirmation of successful transformation and ligation.
Lane M: 100bp marker; Lane 1,3-8: M gene; Lane 2: Blank.
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Figure 14: Colony PCR of BL21 competent E. coli transformed with pGEX-4T-2
vector ligated with HCoV-NL63 N viral genes. Colony PCR was performed with
pCMV primers and used as confirmation of successful transformation and ligation.
Lane M: 100bp marker; Lane 1&2:- Blank;3-8: N gene.
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