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Table S1: Technical details of MD simulations

Number of Water Force Box Size Prior to Time of Time of
Simulations Model Field Starting Explicit Implicit Explicit
Solvent Simulation Solvent Solvent
Simulation | Simulation
Salmon 13 TIP3P | #14SB | 73A x 73A x 73A | Varied from 200 ns
~40ns to
~320ns
Bull P1 13 TIP3P f14SB 199A x 199A x ~200ns 200 ns
199A
Human 13 TIP3P F14SB | 210A x 210A x ~200ns 200 ns
Pl 210A
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Figure S1: A simulation by simulation view of radius of gyration values for salmon protamine,

starting from implicit solvent simulation (blue) to explicit solvent simulation (orange).
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Figure S2: A simulation by simulation view of shape ratio values for salmon protamine, starting

from implicit solvent simulation (blue) to explicit solvent simulation (orange)
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Figure S3: A simulation by simulation view of radius of gyration values for bull P1 protamine,

starting from implicit solvent simulation (blue) to explicit solvent simulation (orange)
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Figure S4: A simulation by simulation view of shape ratio values for bull P1 protamine, starting

from implicit solvent simulation (blue) to explicit solvent simulation (orange)
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Figure S5: A simulation by simulation view of radius of gyration values for human P1 protamine,

starting from implicit solvent simulation (blue) to explicit solvent simulation (orange)
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Figure S6: A simulation by simulation view of shape ratio values for human P1 protamine, starting

from implicit solvent simulation (blue) to explicit solvent simulation (orange)
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sequences, an ‘-X-arg-X-’ is identified as an instance of a single arginine, where X is a non-

arginine residue. All other cases of arginine residues (i.e. stretches of 2 or more consecutive

arginines) are identified as ‘grouped’ arginines (i.e. an arginine ‘block’). Positions in aligned

sequences found to be blank in more than 40% of sequences were disregarded. Aligned sequence

dataset obtained from Powell ef al3
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Figure S11: A simulation by simulation presentation of how shape ratio varies with radius of

gyration for salmon protamine
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Figure S12: Radius of gyration (&,) values for one of the 200 ns salmon explicit solvent trajectories

(simulation #8) continued for an additional 590 ns, with the additional time shown in red
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Figure S13: Shape ratio values for one of the 200 ns salmon explicit solvent trajectories (simulation

#8) continued for an additional 590 ns, with the additional time shown in red
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Figure S15: Shape ratio values for one of the 200 ns bull explicit solvent trajectories (simulation

#4) continued for an additional 590 ns, with the additional time shown in red
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Figure S16: Radius of gyration (R,) values for one of the 200 ns human P1 explicit solvent

trajectories (simulation #8) continued for an additional 590 ns, with the additional time shown in

red
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Figure S17: Shape ratio values for one of the 200 ns human P1 explicit solvent trajectories

(simulation #8) continued for an additional 590 ns, with the additional time shown in red
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Figure S18: Inter-residue distance heatmap for every salmon trajectory. Figure 1 has representative

conformation images for some of these simulations. For example, simulation #9 is represented by
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image #1 in figure 1. Simulation #5 is represented by image #7 in figure 1. Distance values are in

Angstrom
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Figure S19: A simulation by simulation presentation of how shape ratio varies with radius of

gyration for bull P1 protamine
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Figure S20: A simulation by simulation presentation of how shape ratio varies with radius of

gyration for human P1 protamine
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Figure S21: Inter-residue distance heatmap for every bull P1 trajectory. Figure 3 has representative

conformation images for some of these simulations. For example, simulation #8 is represented by

image #7 in figure 3. Simulation #5 is represented by image #2 in figure 3. Distance values are in

Angstrom
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Figure S22: Inter-residue distance heatmap for every human P1 trajectory. Figure 4 has

representative conformation images for some of these simulations. For example, simulation #9 is
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represented by image #1 in figure 4. Simulation #5 is represented by image #7 in figure 4. The

trajectory and conformation images presented in figure 9 are from simulation #4. Distance values

are in Angstrom.
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Figure S23: Secondary structure versus radius of gyration values for salmon protamine. Results

taken every 200 ps, for all trajectories combined. The % total secondary structure includes all

secondary structure categories from the colorbar shown on the right except ‘None.” Panel of colors

in the bottom left shows the secondary structure of each residue in each frame (with the frames

sorted as shown).
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Figure S24: Secondary structure versus radius of gyration values for bull P1 protamine. Results

taken every 200 ps, for all trajectories combined. The % total secondary structure includes all

secondary structure categories from the colorbar shown on the right except ‘None.” Panel of colors

in the bottom left shows the secondary structure of each residue in each frame (with frames sorted

as shown).
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Figure S25: Secondary structure versus simulation time for a single bull P1 protamine explicit

solvent trajectory (full 200ns shown for simulation# 8), progressing from left to right. The % total

secondary structure includes all secondary structure categories from the colorbar shown at the
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bottom except ‘None.’ Panel of colors in the middle shows the secondary structure of each residue

in each frame.
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Figure S26: Secondary structure versus simulation time for a single bull P1 protamine explicit

solvent trajectory (full 200ns shown, simulation# 10), progressing from left to right. The % total
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secondary structure includes all secondary structure categories from the colorbar shown at the

bottom except ‘None.” Panel of colors in the middle shows the secondary structure of each residue

in each frame.
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Figure S27: Secondary structure versus simulation time for a single human P1 protamine explicit

solvent trajectory (full 200ns shown, simulation# 3), progressing from left to right. The % total

secondary structure includes all secondary structure categories from the colorbar shown at the

bottom except ‘None.’ Panel of colors in the middle shows the secondary structure of each residue

in each frame.

S3



100.0¢ Bull P1 Cp-Cq

T
1l
I
]
1
1
1

80.01

-]
=]
o

Distance (4)

s
S
o

Lo
~ (=3
> o
| -
(]

]
]
1
1
1
]
.
»é[—j&—ei
1
1
1
1
]
]
]
#e%—t
i
W
1
1
1
]
]
]
1
1
1
1
]
]
]
]
1
1
1
1
1
]
1
[}
1
|
]
]
]
]
1
1
]
1
]
1
]
L

30t T e S e e e e e e o e e o i e e e e e e e
0.0+ . - . . . . . ; . 2 . . . . - ; . :
< < < < < < < < < < < < < < < < < < < < <
o o o ("] o o o o o o o o o o o o o o o o o
& ® © & ©®© ® © ©® © ©® © & & ®» & & @ ® ® @& @
2 E [ = L 2 b = ~ = ES S = 2 E [ = E 2 E £
2 a 5 z -] -] B b ] s 2 a z 2 a 5 z a 2 S a
% 3 3 3 3 3 3 3 3 3 3 3 3 3 3 b 3 3 3 b 3
2 & & & & & & © & & & & & ©® © & © & ®& 6 @
@ a H @ a = b a ~ ~ ~ = = = © " b1 2 b "
2 A R 3 ! 5 b S 3 -1 3
Residue Pair

Figure S28: Cy Cq distances for bull P1 protamine residue pairs. Limits highlighted by dotted

horizontal lines are based on data published by Gao et al> Dotted vertical line separates non-

consecutive residues from consecutive ones. Residue pairs are sorted from low to high mean

distance.
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Figure S29: Cq- Cpg distances for bull P1 protamine residue pairs. Limits highlighted by dotted
horizontal lines are based on figure S7. Dotted vertical line separates non-consecutive residues

from consecutive ones. Residue pairs are sorted from low to high mean distance.
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Figure S30: C4- Cq distances for human P1 protamine residue pairs. Limits highlighted by dotted

horizontal lines are based on data published by Gao et al> Dotted vertical line separates non-

consecutive residues from consecutive ones. Residue pairs are sorted from low to high mean

distance.
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Figure S31: Cy Cg distances for human P1 protamine residue pairs. Limits highlighted by dotted

horizontal lines are based on figure S7. Dotted vertical line separates non-consecutive residues

from consecutive ones. Residue pairs are sorted from low to high mean distance.
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Figure S32: Scatter plot identifying frames when residue pairs meet all distance conditions for

potential disulfide bonding (refer to Table 3). X axis represents progress of simulation time for

each trajectory separately. Y axis shows residue pairs.
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Figure S33: Scatter plot identifying frames when residue pairs meet all distance conditions for

potential disulfide bonding (refer to Table 3). X axis represents progress of simulation time for

each trajectory separately. Y axis shows residue pairs.
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