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Fig. 1 Transcriptional initiation and elongation on LTR (a) and the reaction process of Tat promoting transcriptional

elongation (b)
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Table 1 Responses and parameters of positive feedback mechanism of HIV Tat

Reaction/description Parameter Value Reference
i ky = — 7.69%10° [10, 18]
Tat, + CoA = TatAc28 ' ag X R X x . ’
" 2 8.82x10° [10]
TatAc28 + TAR = TatAc28 — TAR a, Xy :
ks A az Xy 5
TatAc28 — TAR + CoA = TatAcS0 + TAR T xR xx 7.69x10 (10, 18]
K, L .
LTR,; + CS=LTR,, K = IxC 10 [19]
K, - 13
LTR,, + TatAcS0 < LTR,, ., K=1xa 1 [19]
Transcription rate of LTR 107%/s [10, 18]
Transcription rate of LTR | T, 3.5x107%s [19]
Transcription rate of LTR,, _ ., s 1.7x107s [19]
Translation rate of Tat 1.32x107/s [18, 20]
Degradation rate of RNA 4.8x107/s (10, 21]
Degradation rate of Tat ’ 4.3x107/s (10, 22]
Recruit equilibrium constant 15 [9]
Number of host transcription factors binding at LTR 85 [19]
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M) . a. ARSI, 76k, B
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INFITEIRAS s b RIS S RRE, 7FE KM
(KT2.5%10") W, HAETE 1) Tat FI RNA $it 4
KMPIES; o MRE, £ LERWA k, EHZ[H
(7.3x107°~2.5x10™") FAFEMAFaZ, HAT4S Tat Al
RNA $ra e e 588 Moo i mnt, i
Z¢ Tat FIl RNA B RS E E R R IR B ITE &, |
2, WIREEIRRA B g IR

SR RS, MRIARRRES NS
X [a] (HUPI O A ROECE) (R2) 0 Mk kyy k.
K,. K,. C. REMKIMS,. 8 % Eit, HAFHERAR
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WOES; A, TEARASET, M k. K.
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Fig. 3 The number of Tat protein and RNA changed with time

The latent stable point was (1.0, 0.033), the active stable point was (78, 2.5) and the saddle point was (35, 1.1) by Newton’s method.
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Fig. 4 Bifurcation diagrams with parameters k, and k, as examples

(a, b) The solid line represents stable fixed point i.e. steady state, and the dotted line represents unstable fixed point i. e. saddle point. (c) Phase

diagram with %, and k, as the parameter space, the blue area represents the monostable state with only latent state, the yellow area represents the

bistable state with both latent state and active state, and the green area represents the monostable state with only activated state.

Table 2 Parameter ranges corresponding to different steady—state conditions

Parameter Latent state Bistable state Activated state

k, <2.9x107? >2.9x107 +o0

k, <7.3x107° 7.3x107-2.5x10™" >2.5x107"
ky <6.4x107° 6.4x107-2.2x10™" >2.2x107"
K, <7.4x107 >7.4x107° +00

K, <8.4x107 8.4x107'-2.8x10' >2.8x10'

8, >4.7x107/s 1.3x107/5-4.7x107/s <1.3x107%/s
S, >5.2x107/s 1.4x107/5-5.2x107%/s <1.4x107%/s
C <6.2x10" >6.2x10" +o0

R <1.3x10" 1.3x10'-1.2x10? >1.2x10?
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Fig. 5 Potential energy function diagram when £ = 1 (a) and probability distribution diagram when ¢ = 1 (b)
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Fig. 6 Potential energy function diagram when & = 5 (a) and probability distribution diagram when & = 5 (b), which are

consistent with Figure 5
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A Quantitative Analysis of Dynamic Mechanisms Regulating HIV Latency
and Activation”
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Highlights

*HIV expression status is related to host cell status and Tat positive feedback

*The bifurcation of the dynamical structure of the system can be analyzed by calculating the deterministic part
of the stochastic differential equation

*Noise does not affect the steady-state solution of the system
In brief
This work breaks through the previous discrete and stochastic methods, and uses continuous ordinary differential
equations to describe the molecular regulation mechanism of HIV steady-state transition. Different expression
states between latency and activation of virus and their relations can be quantitatively analyzed by potential
functions and probability distribution functions.
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Abstract Objective The reservoir of human immunodeficiency virus (HIV) latently infected cells is the major
obstacle for eradication of acquired immunodeficiency syndrome (AIDS). Due to the noisy environment and
multiple influencing factors in the organism, current dynamical models cannot reach a common understanding of
the molecular mechanism of HIV latency. In this work, through a new dynamical structure decomposition, the
deterministic part of the equation can be separated from the stochastic noise. Thus, the fixed-point analysis of
ordinary differential equation is enough to obtain the different steady states of the system. Methods We
established a dynamical model of HIV transcription process by using continuous stochastic differential equations,
which simplifies the dimensions of equations needed to describe the system and increases the explorable space of
the model. Different states between latency and activation of virus and their relations can be intuitively
represented by potential functions and probability distribution functions. Results Based on our model, the
influence of different dynamical parameters on stability is quantitatively analyzed, the parameter ranges of the
system in bistable and monostable states are obtained respectively. The theoretical basis of this work is verified by
comparing the effects of different factors on dynamic bifurcation with the results of biological experiments.
Conclusion This paper goes beyond previous discrete stochastic methods, and can quantitatively analyze the
dynamic mechanism of HIV transcriptional regulation through ordinary differential equations, which is beneficial
to the promotion to deal with the high-dimensional situation, and further study the occurrence and development of
AIDS in vivo, so as to guide the design of experiments and search for clinical treatment.

Key words human immunodeficiency virus (HIV), ordinary differential equation (ODE), dynamical structure
decomposition, bistability, molecular switch, potential function
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